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LOI NOI PAU

- Trong giai doan hién nay cde k¥ su thigt k& d6i mit véi nhing thu
thach méi: yéu cau si dung mé phong tinh todn, ddi héi rit ngdn thsi gian
thigt k& san pham — tir ¢ tuéng ban dau dén thi trudng, do tin cay, an toan
va chat lugng cao, it dnh hudng dén méi truong Do cin thiét san phim
phai ¢6 tinh canh tranh cao, d¢ phuc tap thiét k& ky thuat gia tang va ban
chat thay d6i cde dai lugng trong ky thuat, ddi héi ngusi ky su ¢é cac kign
thic can thist dé vng dung x4c suit va thong ké todn vao phan tich va thiét
ké ky thuat. Tinh thay déi ¢6 mat khidp ndi trong moi giai doan clia qud
trinh thiét k& va phat trién san pham hoic hé théng ki thuat nao dé bat
ky. Do dé cung vdéi cdc kién thie vé thiét ké thi cdc kién thuc xdc suat
théng ké todn rit cdn thiét cho ngudi cdn bé nghién eiu va ky su thist ke
giai quyét cdc bai todn thiét k& phue tap. Thiét k& theo phuong phdp xdc
suat ngay cang dude tng dung rong rai va phan quan trong la phan tich va
thiét ké& theo dé tin cdy.

Qua kinh nghigm gan 10 nam giing day mén hoc nay cho sinh vién
nganh co khi, huéng dan cdc dé tai hoc vién cao hoc va thue hién mot s dé
tai nghién equ theo hudng dé tai nay, ching toi da bién soan va ngay cang
hoan thién hon cudn sich nay dé phuc vu cho cong tdc dao tac va nghién
euu cho sinh vién cac nganh kg thuat, cdn bo gidng day va nghién etu.

Cubn sdch duge Nha xudt ban Khoa hoe va Ky thuat xuat ban nam
2005 vdi mue dich gitip cho edc ban doe e6 thém tai lidu tham khao vé lanh
vuc nay.

Ching t8i xin chan thanh ¢dm on cde ¥ kién déng gép, phé binh
nhiing thigu sét cia sdch dé chung téi c6 thé nang cao chat lugng tai lidu
trong cde lan xudt ban sau. Moi ¥ kién déng gop, phé binh va thdc mic xin
gui vé dia chi:

Nguyén Hitu Lic, bé mon Thiét ké may, khoa Co Khi. 268 Ly
Thuéng Kiét, quin 10, trudsng Dai hoc Bach Khoa TP Hé Chi
Minh.

hofic email: nhlead@yahoo.com

TP Hé6 Chi Minh, 10/2005
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CHUONG 1

TONG QUAN

Hién tai cdc k¥ su thiét k& d6i mat véi nhimg thit thdch mdi: yéu
cAu sif dung mé phdng tinh todn, doi hdi nit ngin thd¥i gian thidt ké sdn
phidm — ti ¥ tudng ban dau dén thi trugng, dé tin cdy va chal lugng cao, il
anh hudng dén méi trudng. Do cidn thidt sdn phadm phdi c¢é tinh canh
tranh cao, ting dé phic tap thidt k& k¥ thuit va bdn chit thay ddi cdc dai
lugng trong k¥ thuat, doi héi ngudi k§ su cé kién thic cAn thist dé ding
dung xdc sudt va théng ké todn vdo phan tich va thigt k& k¥ thuat. Tinh
thay déi ¢6 mit khdp noi trong moi giai doan clda qud trinh thiét k& sin
phdm va hé théng k¥ thuat bat ki. Hién nay trong thiét ké sdn phim
mdi thi viée dng dung cdc phuong phdp xdc suat théng ké 1la phdn khéng
thé tdch r#i trong thiét k& va phan tich. Do dé cing véi cdc kign thic vé
thiét k& thi cac ki&n thitc xdc sudt thong ké todn rat cdn thidt cho ngui
k¥ su A€ gidi quydt cde bai todn thist ke phie tap. Thict ké theo phusng
phdp xdc suat ngay cang duge iing dung rong rdi vd mét phdn quan trong
l4 phéan tich va thiét k& theo dé tin cay.

1.1. KHAI NIEM

b tin cdy la tinh chdt clda 481 lugng (chi tidl mdy, mdy, cong
trinh...) thuc hién duge chic nang, nhidm vu da dinh, duy tri trong mit
thdi gian cde chi tidu s dung, cdc thong sd lam viéc trong gidi han quy
dinh tuong (ng vdi ch& 45, didu kién vdn hanh, cham séc va sda chiia cy
thé,

b4 tin cdy 14 mét treng cde thanh phan chat lugng cua bat ky hé
théng k¥ thudt nao. Mde 46 cia 44 tin cdy chd y8u 14 xde dinh sy phit
trién clia k§ thuat theo cde hudng chinh: tu déng héa san xuft, ting cuding
qua trinh sdn xuit va giao théng, ti&t kiém nguyén va nhién lidu. Cac
phugng tién ky thuat hién dai hién nay gdm nhiéu co cau, thiét bl va
dung ¢y ¢é quan hé mat thiétl vdi nhau. Vi du: mdi 18 hyp cdn kéo ty dong
bac gédm hon 1 triéu chi tiét. Mot hé thong thist bi didu khién tén lua
bang dién tir bac gdm vai chuc tridu phan ti trong khi d6 cdc thiét bi dién
i d4u tign chi khodng vai chue d&n vai tram phén (. Sy hu Eéng cua bat
¢’ phan i ndo trong hé théng (néu khéng 6 dy trii) kéo theo sy hu héng
heoan toan hé théng.



Chuong 1

B4d tin cdy khéng du cia mdy dan dén: Chi phi sia chia ldn,
nging mdy, lam ngung tré viée cung ¢ap cho cde khu dan cu dién, nude,
khi dot, phusng tién giao thang. Treng vai trudng hop ddn d&n tai nan
lam cho thiét hai kinh & ldn, phid hdy cde cong trinh, thigt hai vé con
NEUL.

Su phdat wrifin nhanh chéng khoa hoc vé dé tin edy trong hién nay
lién quan dén:

- Ty dong héa, sdp xép mdy muic trong cde day chuyén san xuat lgn.

- (Hidil quyft ede van dé lidn quan dén cing nghd khong si dung sde
con ngudt (su dung nguii mdy),

- Khéng ngimg tang cutny syt [Am vife cia mdy, gidm lugng Lidu hao

kim [oai cia may, tiAng cudng cudng d6 st dung cia may.

1.2. NOI DUNG PO TIN CAY MAY

Phan lich Iy thuyél mot hién tugng, qui trinh cong nghé, chic
nang va két cdu may dua trén e sd chon cde mé hinh xae dinh hode so dé
tinh. Khi dd chu ¥ dén cdc nhdn td anh hudng v b qua cde nhan td i by
Anh hudng. Hién tdn tal hai phugng phdp phan tich: don dinh va xde suat
ithing kél. Theo phuong phdp ddu tidn tadt ca cde nhdn t& anh hudng dén
md hinh duge xem nhu 13 don dinh. Cde bai todn don dinh chi ¢o mét
nghiém duy nhdt. Trong thue (& thi cde két ludn rat ra tir cde mé hinh
dion dinh khde xa vdi k&t qud quan sdt thue nghiém. Mot trong cic
nguvén nhan chi yéu la do mdt 50 lugng Idn cAc nhan td khong kiém sost
dugie, turng quan phidc tap dAnh hudng dén trang thdi cua hé thing thuc
[} do, trang thii hé thong thue mang tinh ngau nhién.

Ung dung cic phuong phdp xdc sudt dé gidi cdc bai todn 46 tin cay
gap rdt nhidu khd khin vé tam ly va k¥ thudt, dac biét vdi cdc hé théng
phic tap, sdn xudt dan chiffc v cde thidl bi cdn 6 dd an toan can. Cdc md
hinh xdc sudt thudng rat phic tap. cdch duy nhat thu duge két qua sd
chinh sde ta mé hinh hod théng ké, con goi 1a phudng phap Monte Carlo.

Trang 1¥ thuyét do6 tin cay tdn tai hai hudng, ching o6 nat dung va
hé thaong khdi niém chung nhung cdch titn hanh khde nhan, Hudng thu
nhat 1a 1y thuyét todn (hé théng) 46 tin cdy, hudng thy hai goi 1a ly
thuyét vl 1y dé tin cdy. D61 tugng cia 1y thuy&t todn (hé thing) d6 tin
cay 1a cdc phan ¥ tde dung ldn nhan ddm bdo khd nang lam viéc theo so
A8 logic: su dd, cay hong héc.. Cde dir ligu ban ddu cia 1v thuydt tedn (hé
thing! d6 tin cay thu duge bing con dudmg xu 1y théng ki cde k&t qua thue
nghidm va cde d Héu qud trinh van hanh. Cide bai todn 1y thuvét todn (he

thang! d6 tin cay duge giai trong khuon khé Iy thuyét xdc sudt va thiong



r 1»?
I'dng quan

ké todn, nghia 12 khong chid y dén cdc md hinh vit 1¥ hdng hic hodc cdce
hién tugng vat 1y lién quan dén hong hdc.

Dit liéu 1y thuyét vat Iy dd tin cAy cd thé tim trong cdc cong trinh
lién quan dén h#& s& an toan khi tinh todn cde két c¢du k§ thuat. Péc tinh
ndi bat cia 1y thuyét vat 1y dé tin cay 1A dé& duy tri khd nidng lam viéc ha
théng va hing hdéc xudt hién 14 kéil qud cla su tde dung 1dn nhau cida hé
thang va tdc dong tir bén ngnai (tdi trong vin hanh, didu kisn mai nruiing
am vide ) va cde qua trinh co hoe, vat 1y va hod hoc xdy ra trong cdc
phan tu hé théng trong qud trinh van hanh. Ngoai trir 1y thuyét todn xac
sudt thing ké, Iy thuy&t vat 1y do tin cdy com st dung cdic md hinh va
phuong phdp cua khoa hoe ty nhién va ky thudt khdc nhau.

Lianh vuc tng dung chd y#u cda 1y thuydt tedn (heé thdng) 4o tin
cdy: e dong hda, k¥ thuit didn, k¥ thudt mdy tinh, théng tin.. Lanh vuc
tng dung chi y&u clia 1y thuy&t vat 1y d6 tin cdy: nganh xay dung, it hon
ta irong nganh hang khéng va tau thiy, trong nhing ndm gin day duge
tng dung réng rai trong nganh ché tao may.

Hai hudng 1y thuyét bé sung cho nhau: cde khai nigm 1y thuyét
todn (hé théng) do tin cdy duge dua vao trong 1y thuyét vat 1y bing cdc
thuit ngit md hinh vat 1¥ tuong ong. Ly thuyat vat 1¥ do tin cdv xem nhu
Ia phdn md réng cla Iy thuyét todn va thém vao cic md hinh vit ly. Theo
nhiing kién thie tich iy vé ban chdt vat 1¥ hong hdc trong cac hé thong
khong o khi pham vi dng dung cda ly thuyét vat Iy d6 tin cAy ngay cang
pho bién hon trong cde lanh vue tv dong hoa, ky thudt may tinh.

Trong cdc may va hé thdng mdy hién dai bao gdm nhiéu phan tu
khéng co khi (dién, dién tif, cong nghé théng tin.). Khi do cdn phdi su
dung cd 1y thuyét todn (hé théng) va vat ly 4@ tin cAy. Cde chi tidu ddnh
gid dd tin cdy cdc chi tiét co khi va hé thong eo khi dua trén cod sd cde mé
hinh vat 1y, tuy nhién d& ddanh gid do tin cAy mdy va hé thdng may ta su
dung cde mé hinh 1y thuyét todn (hé théng) dd tin ciy thudng xuvén hon.

Mé hinh d tin ciy

Mé hinh todn cta 1y thuydi dd tin cdy chia ra hal nhom:

- Nhém dau Lién 12 md hinh cdu trie, néd dua trén so dd logic tde
dung 1An nhau cua cde phan tir hé théng véi mue dich ddm bao kha nang
lam viéc hé thong. Khi dé s dung thong tin théng ké vé& do tin cay cdc
phin ti khéng chi v dén tinh chit vat ly cia vit liéu, chi tiét va mai
ghép, dén tdi trong ngoai va tdc déng ldn nhau giga ching va dén co ché
tdc dung lan nhau gia cdc phdn tu. Mé hinh cdu trdic biéu didn dang sg
dd khéi va bidu dé (vi du cay su ¢6), théng tin ban didu duge cho biét dudi
dang gid tri xde sudt lam vide khong hong cde phan tg, cudyng 49 hdng..



Chudng 1

- Nhém md hinh todn khdc cda 1y thuyét d6 tin cdy 1a cdc qud
trinh cu hoe, vat 1y va cac qud trinh thue t& khdc dAn dén thay ddi tinh
chat déi tugng va cdc thanh phdn cda ching. Cde md hinh nhu thé eda co
hoe két cau dude ung dung rong rai khi thiél ké mdy va két cau. Tde dung
gua lai dong hoc va tdi trong cia cdc chi tiét mdy va két cdu mang déc
tinh phic tap. Trang thdi cdc déi tugng nay phu thudc ddng ké viao méi
truéng chung quanh, dac tinh va cudng d8 cdc qud trinh van hanh, Bé du
doan duge trang thdi chi tigt mdy va cdc phdn © cdn phdi khdo sdt cdc
qud trinh bhién dang, mai mon, tich 1y hdng hdée va phd hiy khi tdi trong
thay déi, anh hudng nhiét d6 va cdc tde dong khdc. Hudng cha yéu dé
dénh gid cdc chi tiéu do tin cdy cia hé théng co khi: c¢de cong thie tinh
todn ly thuy8t, dua trén cde mo hinh vat 1y va cde dir Jigu thong ké tuong
ng vdl ca tinh vat lidu, tdi trong va su tuong tdc 1an nhau.

May va két ciu nhu 14 hé théng co khi

Mdy va k&t cdu mdy dude xem nhu ld mét hé théng co khi. Céc bai
todn 4% tin cay 14n ddu tién dugc 1ap khi tinh todn hé théng co khi la giai
thich théng ké hé s4 an toan va ung suit cho phép Trang thdi cde d6i
tugng nay phu thude ddng ké vao méi trudng chung quanh, dic tinh va
cutrng dj cde qud trinh van hanh. D& dy dodn duge trang thdi chi tiét mdy
va cdc phdn t can phdi khdo sit cdc qud trinh bién dang, mai man, tich
ldy hong hde va phd hiy khi téi trong thay déi, anh hudng nhist d6 va
cde tde dong khdc. Hudng chu y8u dé danh gid cdc chi tiéu d6 tin cdy cda
hé théng co khi: cdc cong thic tinh todn ly thuyét, dua trén cdc mé hinh
vat Iy va cdc dif liéu théng ké tuong ung v6i cu tinh vat lidu, tii trong va
su tuong tdc Jan nhau. D€ ban luan vé cde chi tidu khong héng va dé bén
ldu ctia déi tugng cin thiét phdi bist cdc chi tiéu cdc phén tif riéng biét.
Mdy va hé thing mdy duge sdn xudt don chiée, cde block va cum may rat
to ldn va ddt tién, do dé rat khé khan dé tich liy cdc thong tin théng ké
ddng tin ¢y dua trén thye nghiém. Hudng chi yéu dé ddnh gid cde chi
ti¢u d6 tin ciy cta hé thong co khi: cdc cong thde tinh tedn ly thuyét, dua
trén cdc mb hinh vat Iy va cdc dir lidu thong ké tuwong ing vdi co tinh vat
liéu, tdi trong va sy tuong tdc ldn nhau.

Tinh trang hién tai cia co hoc vat lidu va két cau (Iy thuyét dan
héi va déo, ca k&t cdu, co hoc phé hiy..) va tham chi cdc phuong phdp dng
dung dé tinh todn mdy va két cdu cho phép du dodn tinh trang hé thing
cd khi véi mdc d tin cdy cao néu nhy bist trude co tinh vat lidu va tai
trong tac dung. Trong tinh todn &5 tin cdy cla hé théng co khi thi cd tinh
vat liGu va tdi trong ngoai tde dung duge xem la cde dai lugng ngdu nhién,
do dé trang thdi (tinh trang) cla d6i tugng ciing mang tinh ngdu nhién.
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Yéu cdu tidu chudn va diéu kién k¥ thuit van hanh lam han ¢hé xdce dinh
cde dai lugng nay. Bai todn chu y8u db tin cay — ddanh gid xdc sudt lam
viée khéng hong trong mdt khodng thoi gian nio dé din dén bai todn qud
trinh ngdu nhién.

Néu loai bé cde nguyén nhin gdy nén cde hing héc cia may va két
cAu do qu4 tai dot ngdt, tdc déng thién nhién ma khéng kiém sodt duoe,
16i nghiém trong khi thiét k& va van hanh thi tit cd cdc trudng hop khidc
dat dén trang thdi gidi han ¢é thé phan thanh 2 nhém chinh:

- Nhdém déu tién cde trang thdi gidi han dat duge 1la do tich lay
didn dén troeng vat lidu cdc v&t ran mit, ddn dén sinh ra va
phal trién cdc héng héc ldn. Thong thudng cdc vt nidt nay
sinh ra 14 do qud trinh ché tao khong hean thién, cé sdn trong
chi ti&t trude khi thyc hién chie ning. Nguyén nhan cdc d45i
tugng hi héng 13 do cdc vét hdng nay phdt trién dén kich
thude nguy hidm (kich thude khéng mong muén} va trong mot
6 trusng hop din dén tai nan.

- Nhdim thi hai: trang thdi gidi han 13 do man bd miét lam vide:
bé mat ti&p xie gita hai chi tiét hodc véi mdi trudng chung
quanh.

Ca ¢ ly thuydt ¢ du dodn cdc chi tidu dé tin cay do tich Gy va
phdt trién cdc vét hong 1a co hoe pha hiy. Cdc nghign ciu vé ca hoc
phd huy tién hanh tir nhilng nam 20 cha thé ky trude, nhung vai nam gdn
day mdi duge quan tim ddc biét do cdc nguyén nhan:

- Trong thei gian dai cdc nha thue nghiém khang hé thing hod

v gidi thich dugce cdc két qua thuc nghiém vat lidu va két cau
khi tdc dung tdi trong, nhiét.. Do dé cAn thiét phdi cé co sd ly
thuy&t ving chde dé mo td co hoc phd huy.

- Muc dd k¥ thudt guan sdt va ddnh gia tinh trang lam viéde khi
vdn hanh va khi héng hdc duge ndang cao.

Tom lai, 1y thuyét d4 tin ¢y 14 mdt mén hoc tdng hgp hao gém
cdc phidn sau: Co s& tedn cia dé tin cay. dd tin cdy theo cde tidu chudn
hong hde, tinh todn va du dodn d6 tin cay, cde bign phdp dé€ ndng cao do
tin cdy, to1 uu héa, thi nghiém do6 tin cay (thi nghiém, kiém tra thang ké,
té chuc quan sét ...) va chan dodn k¥ thudt d3 tin cdy, nguyén ¥ phue héi,
kinh t& d4 tin ciy... Ly thuy&t dé tin cay 14 man co sd, két hop giga cdc
phuong phdp co hoc vat lidu va két cdu vdi 1y thuyét qud trinh ngdu nhién
tao nén cg s¢ clia 1y thuyét hién dai: dd tin cdy cdc hé théng ca khi
hode 1y thuyét dé tin ciy may.
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1.3 PHAN TICH VA THIET KE THEO PO TIN CAY

Trong Linh tedn tas phéin biét tinh todn thi&t ké va phéan tich. Phin
tich dé tin cdy 1a mot qua trinh tim hidu va uée lwong su anh huong tac dong cua
d6 khéng tin ciy cua cac bién diu vao déi voi cac bién diu ra. Chi khi hiéu rd vé
van dé nay thi ngudi k§ su mai co thé xoay s& va lam giam su lién két cua nhimg
tic dong vé do khong tin cay gitta céc bién thiét ké dbi vai cac bién diu ra, bing
cach chon lua mot cach phi hop cac bién thiét ké trong qua trinh thiét ké. Theo mét
cach khac. thdng qua qua trinh phén tich do tin cav déi vdéi mot thiét ké nhét dinh
ndo d6 ngudi k¥ su co thé uoe lugng vé mire 46 thoa man cua thiét ké dé déi vai tat
ca cic veu cau vE dd tin civ duoce dit ra. Vidu nuudi k§ subiét duge rang thiét ké
d6 ¢6 an toan, ¢d bén vimg hay khong va mure do an toan cua thiét ké d6. Do vy

viée phan tich do 1in cdy ta cin thiét va cép bach trong qua trinh thiét ké theo dé tin

cay.
Gidga tinh todn thiét k& va phin lich ¢d sy khae nhau:
Phén tich Thiét k& N
_Q; t:nh_g_l_ilquygt vindé -Qué trinh ra quyét dinh
Lai giai cho van dé sdn 6 Lai gial cho vdn dé mdi hodc nhidu 1ai
gidi mdi cho van dé sdn cé
Chi duy nhat mdt 15i gidi | Nhiéu hon mét 181 gidi

Trong gud trinh Lhiét k& gdm nhidu bude phan tich (hinh 1.1} Vi
du gidl phuyng trinh tedn hoc 1a bai tedn phdn tich, nhung xde dinh
phuong phdp d& giai bai todn 14 bal toan thigt ké'

b

Phivy vich

Két s
thié1 ké

— Hié¢u cliinh thidt ké

Hinh 1.1 Thiét ké bao gom phdn tich
Do sy phédt trién ¢ong nghé théng tin 1dm nang cao khd nang tinh
tosdn va yéu cAu rut ngdn théi gian thidt k& san phdm, ngudi ky su thidt
k¢ dua vao cdc md hinh todn va mé phdng ngay cang nhidu dé ddnh gid
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san phdm trude khi thue hién md hinh vat 1y cho sdn pham dé. Cdc quyét
dinh cho qud trinh phit trién va ché tao sdn pham ngay cang dua vaoe cdc
md hinh md phong thay vi s dung cdc thit nghiém thyc.

1.4 POI TUGNG PO TIN CAY
Trong 1¥ thuydt dé tin cay ta khdo sdt ede doi tuong saw

- San pham: Puge sdan xuat bdi xudng hay nha may. Vi du: O lan, dai,
binh rang, mdy c¢ong cu, até ...

- Phan td: La thanh phan tac nén sdn phdm, phdn td bao gdm nhidu
chi tiet.

- Hé théng: Tap hap cic phan tif hoat déng ¢ ich dung dé thuc hién
ddc 1ap cde chie nang d4 cho.

Khéai niém phan tr va hé thong chi la tuong 481 va phu thude vao
nhiém vu ma nd thuye hidn. Vi du mét may bat ky khi ding riéng c6 thé
khdo sdt nhu 14 mot hé théng bao gém nhidu phén ti riéng bidt nhu: Cic
¢d cAu, cdc chi tiét .. nhung nd ¢6é the xem nhu 1A mdl phdn td ndu nhu
khde sdt nd trong mét ddy chuyén tu domg. Vi du k¥ su 6 t6 xem dong o,
hop 6 . 1a cde phAn td cia mat 6 té, tuy nhién nha san xufit ddng co lai
xem dong co 1a mét hé thong bao gém nhidu phdn tu nhu: piston, xéc
méang, xi lanh, truc khuyu .

(de sdn phadm duge chia ra: sén phdm khéng phuc héi duge |a
nhimg san phiam khéng thé phuc hdi duge bdi ngudi sif dung va can phai
thay thé, vi du nhu bdéng dén dién va dién tu, & lin ... San phdm phuc
héi duge 1a san pham cd thé phue héi duge bdi nguvi st dung vi du nhu:

may edng cu, 6td, mdy hdt

Hang loat cde chi tict khong phuc héi duge bdi nguri s dung nhu
¢ ldn, nhung cé thé phuc héi duge & cde nha mdy dac biét. Cde san phdm
phtte tap 1a phuc héi duge b6l vi né tas thanh (i nhidu phdn tir, bdi vi chi
vai chi tiét trong phan i bi hong con cdc chi tiét con lai vdAn con khd
niang lam viée. Cdc san pham don gidn duge chd tao hang loat thong
thudng 14 cde sdn phdm khéng phue hdi duge.

Trong truéng hgp edc san phdm tiéu dung nhu guat dién, may
giit, may sdy quan do, ti vi, 6td... Tudi tho sdn phdm duge dinh trong théi
gian ki€m tra sin pham. Sau th#i gian kiém tra sdn phdm sé duge phin
phéi dén ngudi tidu ding. Do tin cdy sdn pham lién quan dén gid thanh
sdn phdm. Ngudi tidu ding mua cdc sdn phdm déng thoi ho cing bigt
ring cdc sdn phdm nay s& hu héng theo thdi gian. Mac di nha sdn xuat

15



Chudng 1

¢6 dua ra thil gian bdo hianh che sdn phAm trong giai doan s& dung ban
dAu, tuy nhién néu cé nhidu su hing hdc s& gay ra su bat tién cho ngudi
s dung va gid thanh cao d€ sita chita cho cdc nha sdn xudt. Ngoai ra, néu
san phdm ¢é nhidu hdéng héc trong hodc sau th&i gian bao hanh sé lam
giam uy tin va Anh hudng dén viéc kinh doanh cda nhi sin xuit trong
tuong lai.

Mait khdce gid thanh thiét k& va ché tao ting theo su ning cao do
tin cdy va chi phi vaAn hanh cda thiét bi ¢é 46 tin cdy cao gidm xudng, do
dé ta phai tim gid tri nhé nhdt cia chi phi téng cong (4§ thi hinh 1.2}

_ _ Gid thaph chi tao,
Gia thanh C thiét ké

Gid thanh mdy

Chi phi v&n hanh

Ropr 1

{
i
|
1
|
|

Xibe suit khong héng 161 v X4ic suit khong héng R
Hinh 1.2 Phy thudce gid thanh vdo d6 tin cdy

1.5 LICH SU KY THUAT PO TIN CAY

Ky thuit dé tin ciy duge tdch ra thanh mén hoc riéng tai My
vao ddu nhiing nim 1950. Sy phtc tap cta cde vAn d& phdt sinh trong
chién tranh thé gidi tha IT vao nhing nam 1940 da ddn dén su phdt trién
cua ly thuyét dé tin edy. Trong thi gian nay khodng 60% thiét bi bay
van chuyén dén vang Vién Déng bi héng khi dén noi. Khodang 50% chi
tiét du trir va thiét bi trong kho bi hdng truge khi duge sir dung. Vao nam
1949 khodng 70% cde thist bj dién t thude hdi qudn khéng hoat dong tét.

Vo ndm 1950 lye lugng khong quin M§ thanh lip nhém nghién
ciiu vé& dé tin cdy cdc thidt bi dién ti. Vao thdng 8 nam 1952 nhém tu van
vé d¢ tin cdy cdc thi€t bi dién td (AGREE — Advisory Group on Reliability
of Electronic Equipment) duge thanh lap va nhém nay di dua ra cde tidu
chudn diu tién vé& dp tin cdy, trong 46 viée kidm tra d6 tin cay la b phdn
khong thé tach rdi khi phdt trién sdn phdm mdi. Thist bi mdi duge doi
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hoi kiém tra trong vong nhiédu gio déng hé trén mdi trudng ng suat cao,
nhiét d4 thap va cao, trong didu kidn dudge d& hoic rung dong. Y tudng
nay duge st dung d¢ pheit hidn cic thidu sot thidt k& trong giai doan ma
ta ¢ thé sua déi chung trude khi san xuat san pham hang loat.

Két edu co khi ngay cang trd nén phic tap hon va bat ddu dat ra
nhing van 4é kho khan han dac biét trong cde Ung dung khong gian va
quan d¢i. Khong gidng nhu cde thigt bi dién t duge sdn xuidt hang loat va
cde dir lidu vE& hong héc cd thé biél trude duge, cdc dit 1igu vé do tin cay
cla cde k&t cdu cu khi va cong trinh 14 rat higm hoei. Huéng nghién cdu
két cau theo dd an toan duge nghién cfu vao nam 1929, Tuong tu nghién
cliu vé tudi tho mdi cia vat léu va van dé lien quan vé 1y thuyét gid tri
cut Lri dng dung duge 461 vdi sde bén vat lidgu va tai trong bit dau vao
gitta ede nim 1930. Pong gép vac bat dau gidi quyét do tin say cae ké* cdu
tinh duge thuc hién bdi Freudenthal va Pugsley. Sau dé khi nghién c:iu
dao déng cdc may bay phan lye Birnbaum va Saunders dua ra md hinh
théng ké cho tudi tho cda cdc k&t cdu dudi tde dung tdi trong dang.

Trong khi nghién eitu thiét k& may va két cdu trén co 36 46 tin
cay ta tim hiéu sy lién quan gidfa cdc hong hde ca khi va k&l cau vél s6

ngusi thiét mang do cde tat nan nay gdy nén.

Biing 1.1 L

! Nguyén nhan 56 ngusi thiét mang trén 1 triéu dan

! M4y bay 9

I Tau hoa 4

| Giao thang trén nudce 9

; Giao thing trén bé 300

| Ngo doc 20
Chiéu sang 0.5
Hoa hoan 40
May mdée, thiét bi 10

| Hing héc két cdu 0,2

Cdc héng héc mdy va cong trinh giy ra thidt hai khéng ddng ké vé
ngudt, tuy nhién gAy thiét hai ldn vé kinh t&. Cho nén cdc nha thict ké co
gang dat duge dé tin cdy cao ddi vdi Lhidt bi va k&t cdu cong trinh. Thi du
dién hinh l& vao mla mua bdo nam 2000 giac théng dudng bé Nam Bac
nude ta bl gidn dean hang thdang do mdat doan dudng trén deo Hai Van bi
1¢ m& khong ¢d con dudng du triv nac thay thé. Ciu Binh Dién hoac cdu
Rén Lde bi sy ¢d lam giao théng gilta cde tinh midn Tay dén thanh phd
118 Chi Minh bi gidn doan gy thiét hai 16n vé kinh t&. Su ¢ nhi may ga
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Dinh 8 khéng cé di nguyén lidu do tau Ba Vi bi nhd neo lam doi séng
hang ngay ddn ching cd nude dnh hudng do thidu ga sinh hoat.. Nhiéu tai
nan thugng tdm xdy ra chi de mét vai chi tidt trong mdy khong dam béo
dé tin cay.

1.6 QUAN LY DO TIN CAY

D6 tin cAy cia hé théng hoac chi tist khang thé dat duge mot cdch
ngdu nhién. N6 tich tu duge ddn dédn trong hé théng hoac chi tigt. B tin
cay thira hudng ddc tinh cia hé théng, tuong t khd ndng tdi cia hé théng
hogc cong sudt danh nghia. Dd tin cay can xdc dinh trong mdi giai dvan
dé phdt trién san phdm hodc hé théng bao gém: thist k&, ch& tao, kidm
tra va van hanh. Trong giai doan thiét k& phuong phdp thiét k& ding
ddn lién quan dén cdc chi tidt, vat liéu, qud irinh, dung sai.. duge lua
chon ddy dd. Cdc muyc tiéu cia giai doan nay duge ddm bdo ring cdce trinh
tu Lthict k& da cé tir ldu duge dng dung, cdc vat lidu va qud trinh d4 bict
dure st dung va cde lanh vie khéng chdc chdn duge ddnh dau dé thue
hién sau dd. Sau khi cdc thiét bi ch& tac da chudn bi sdn sang, ki€m tra
cdn thén mdt lan nia ké hoach, trinh ty thuc hién va cde di liéu da chon
trong giai doan Lhiét k& Trong qud trinh ché tao ta phai sif dung céc kv
thudt kiém tra chit lugng 48 ddm bdo chat lugng s4n pham theo thist ké.
Ta tién hanh thém cdc bude kiém tra dé loai trit cdc chi tiét ¢6 chat luong
thap. Cdc dif lidéu lva chon, phén tich vd bdo dudng phéng ngira va hiéu
chinh duge thue hién trong sudét thdi gian 1lam viée cda san pham. P§ tin
cdy Lthuc t& duge so sdanh vdi dé tin cdy du dodn va néu cdn thi€t ta tién
hanh cdc bude hidu chinh. Cdc di liéu nay s& duge s dung dé phat trién
cdc sdn phdm mdi trong tuong lai.

Trong nhiéu trudng hgp hé thing dude kiém tra va bac dudng bdi
con ngu¥i. Trong cde trudng hop nay d6 tin cdy cla ngudi vAn hanh cidn
phai duge xem xét khi ddnh gid d6 tin ciy cda toan bd hé théng. Néi
chung, d¢ tin cay cia ngudi van hanh c¢dn phdi hoan thién bing viée thidt
ké su ldp rap, thao tde, van hanh cang don gidn cang t6t. Cdc nhan t&
khédc dnh hudng d&n db tin cdy cia nguéni van hanh 14 cong tdc dao tac
t6t, mie dé cang thdng ldm viée thap va cde vi tri cde thiét bi do va didu
khién hep ly. Khi phat trién, thiét k& va ché tao sdn phim cdn ddm bdc
tinh phdp Iy cia sdn phidm 4¢€ lim tang trdch nhiém ctia nha sdn xuat khi
¢6 nhing su vi pham hede thigt hai do sif dung sdn phim.

P§ tin cdy ¢6 thé du dodn khi thd nghidém sdn pham trude khi héng
hic. Khi thir nghiém cang nhiéu thi dé tin cdy du dodn cang chinh xdc.
Do thir nghitm ddi héi nhidu th#i gian va chi phi, nén cidn phdi ¢d sy
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dung héa giGa thir nghiém, do tin cdy va gid thanh sdn phiam. Do d4, d&
thuyc hién va qudn |y chuong trinh 49 tin cdy toan b4 cho sdn phdm cdn
phai cdé cde kién thie vé phuong phdp thist k&, kinh t&, van d& giao dién
hé théng, kifm tra chat lugng va k§ thuat thif nghiém va cdc nhin t§ con
nguii.

1.7 CAC DANG HONG CHI TIET CO KHi VA KET CAU

bédnh gid khd nang lam viée va d6 tin cdy cita cde chi tidt mdy va
hé thdong dua theo cdc dang hdng héc thinh 1.3).

Ung swdt

Cdc tink chil kéo

Kich thudc va hinh

5 bén chdng gay dang vt mit

) Hinh dang wit
845 bén thé bi nut

vat ligu

Mgt dd

BDa b xa Cudng d4 tdi trgng

Cac tinh chdl mdi Chu ky 13i trgng

Bé tin edy = Xdc sudt (Dg bén vdt ligu > Tdi trong tao cde 1ét nit)
Hinh 1.3 Xde dinh dé tin cdy theo sy hinh thank dang hong

T4t cd cdc chi ti&t co khi va két edu duge goi 1a héng khi né khéng
con thue hién duge cdc chde nang theo yéu cdu. Mat trong nhing nguyén
nhén cda hdng héc clia chi tiét la ctong d6 va dang cla tdi trong tde
dung. C6 cdc dang tai trong: téi trong tinh, tai trong dong, tai trong va
ddp (hinh 1.4) va tai trong thay déi theo chu ky. Dudi tdc dung cia cde
dang tdi trong nay ta cd cde dang héng sau: udn doe, rdo, ndt, nghién,
rdch, nit v, tridy va mai mon, trée v béd mat. {17, 20, 29, 30, 32, 44, 45,
46, 511

Mét trong cdc nguyén nhan héng hée khde 1a do ri hodc 4n mon
héa hoc bdi méi truong. Lam lodng, vét rd, 16 hong, gien do hydro va 4n
mon gitta cdc tinh thé la cdc dang hong do ri (an mon) gdy nén. Théng
thudng cde dang héng thuang xuit hién déng thoi.

Nguyén nhan héng hde dugc chia ra: nguyén nhén ngdu nhién va
nguyén nhan hé théng.

Nguyén nhan ngiu nhién: Qud tdi khong luong trude duge, cdc vét
hiong cia vat liéu va sai s8 ché tao ma khong duge phdt hidn khi kiém
tra sai s6t cla nguti diéu hanh hay 13 su héng héc hé théng diéu
khién.
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Hinh 1.4 Chuéng bi nut do tdi trong va ddp gdy nén
Nguyén nhin hé théng: Theo cdc hién tugng dinh sin, gy nén su tich
lay tir cdc vét hdng: su dnh hudng cia méi trudng, thdi gian, nhiét do,

ri sét, 1ao hda, méi, tir bién, mai mon...

a) Vin téc trugt lon

T

b) Vdn téc truot nhé
Hinh 1.5 Cdc vét nit té vi trén bé mdt rang do ung sudt tiép xiic

Tuong Ung véi cdc nguyén nhan trén, véi tinh chit phdt trién va
su xudt hién cdc hong héc duge chia ra: bdt thuong (héng do qud tai, va
dap, dinh), phdt trién tw tiv va xudt hién bdat ngo (pha hiy do mdi,
chdy béng dén, chdp mach do ldo hda vat cdch dién) va ¢ & (mai mon,
ldo héa, ri sét ...). Héng héc bat ngd nguy hiém hon héng héc tir tir. Hong
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hée tir tir 1a do cde théng s6 vugt qud gidi han cho phép trong qud trinh
van hanh.

Theo nguyén nhan sinh ra héng héc c¢é thé chia ra: két edu (do
thi€u sét két cdu khi thiét k&), céng nghé (do vi pham cong nghé gia
cong hodc khéng hoan thién cong nghé) va v@n hanh (do vin hanh
khong ding).

Cdc héng héc tuong dng vdi ban chat vat 1y chia ra: phd hiy chi
tiét hodc la bé mit cua ching (vd, tréc rd, mon, gi, héa gia) hodc khéng
lién quan dén phd hay (lam tdc 6ng din nguyén liéu, lam tdc dau bbi tron
trong cdc hé théng thiy luc, lam y&u méi ghép, 1am ban cong tdc dién...).
V61 cde chi tiét nay ta phdi thay thé hodc didu chinh hodc lam sach
ching.

D& phan tich mdy thanh hé théng ta sit dung cdu tric cidy dang
hong (chuong 9), do dé viéc xdc dinh cdc dang héng chi tiét mdy va tir d6
suy ra chi tiéu tinh thich hop déng vai trd quan trong trong phéan tich va
thiét ké mdy theo dé tin cay.

C4c dang hong quan trong dugc liét ké dudi day:

1. Héng héc do tdi trong tinh gday nén. Khi ung sudt do tdi trong tinh
gAy nén vugt qua gidi han bén thi cdc vat liéu bi nut
: Backup ratio =10 .

Backup ratio =05 Backup ratio =03

N
\.

b e
Thite nghiéwn LDt dodn Thyc nghlem iD‘J doan
e ———— - : -

Hinh 1.6 Gay chdn rang theo du dodn vd thue nghiém

2. Hong héc méi - Khi chiu tde dung cla tdi trong theo chu ky, vat liéu
chi ti€t bi nit khi ma dd 1dn cta Ung suit thay déi nhé hon rat nhiédu
so vdi gid tri gidi han chay (hinh 1.6).
Cdc vét héng bdt ddu bang cdc vét nit nhé xuat hién tai nhimg noi c6
su tap trung ung sudt va ching phdt trién thanh cdc vét nit 16n phd
héng cdc chi tiét. Héng héc do méi chia lam hai giai doan: giai doan 1
duge goi la giai doan hinh thanh cdc vét nit. Giai doan thid hai dugc
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goi 1a giai doan phdt trién khe nit. Néu N duge coi 1a sd chu ky lam
viée cho dén lic hong thi 60 dén 90% chu ky la nguyén nhan bit dau
cdc vét nit va 10 dén 40% chu ky phdt trién cdc khe niat. Cde vét nit
do méi théng thudng xudt hién trén bé mait cda chi tiét khi ma ung
sudt 1a 1én nhat. Noi ¢6 khuyét tat vat liéu va cdc thd duge chéng da
yéu nhat. Cdc vét xude bé mit, cdc tap chat, bot khi, d6 nhdp nhd bé
mét gia cong, su thay déi tiét dién ngang, géc lugn, rdnh then va cdc
16 1a cdc vi tri tao nén cdc vé&t ndt. Cdc vét nit ban ddu qud nhd va rat
khé khin cho viéc phdt hién bing mat thuding hodc bing cdc phuong
phdp kiém tra tiéu chudn. Mot khi cdc v&t ndt xudt hién, tdp trung
Ung sudt cuc bo trén bé mait sé tdc dong dén su phdt trién cla ching.
Pén mot lic nao dé tiét dién mit cidt ngang gidm xuéng ddng ké, ung
sudt tadng 1én va su hong héc tife thdi xuat hién sé lam chi tiét bi héng

hoan toan. Hinh 1.7 1a cdc chi tiét mdy bi gay do mai.

|
f
J

3 mm

a) Bdnh rdang

b) Buléng c) Truc
Hinh 1.7 Cdce dang héng do mdéi
Héng hdée do trée ré bé mit sinh ra khi cdc bé mat truc tiép tiép xic
véi nhau. Cde vét nit té& vi sinh ra trén cdc ving cé ing suit tiép xic
lé6n hon Ung sudt tiép xuc gidi han. LAu ngay cdc vét niit nay ph4t
trién thanh tréc (hinh 1.8).

Hinh 1.8 Hinh thanh dang tréc ré bé mit

p'



Téng quan

4.

Hoéng héc do rao. Rio thudng xuit hién trén nhitng dong én dinh kim
loai duéi tdc dung cla tai trong lau dai. Cdc vét héng do rao tiép tuc
phdt trién néu nhu cde bién dang vugt qud mic cho phép ho#c xuat
hién cdc vét dut.

Hong hée do ri. Ri 1a sy hiy hoai bé mit kim loai trong thai gian luu
kho hodc van hanh dudi tdc dung cia cdc phdn dng héa hoc va dién
héa cua vat liéu vdi méi trudng ngoai.

Hoéng héc do ri sé tang toe khi bé mat ¢6 tdi trong tdc dung. Su
gion do hydro, tinh déo clia kim loai dugc tdng lén la do su hdp thu
hydro. Khi dé chi tiét bi gdy gion dudi tdc dung cla tdi trong tinh khi
bién dang nhd hodc bi nit dudi tdc dung cia tai trong va dap khi bién
dang ldn.

Héng héc do mai mdédn. Mon xdy ra khi hai bé mat lam viéc tiép xuc
v6i nhau va trugt 1én nhau. Mon xudt hién trén tdt cd cdc dang tiép
xtc: trugt, 1an va va dap (hinh 1.10).

Hinh 1.10 Cdc dang hdéng do mon

b6 khong 6n dinh. Khi tdi trong ngoai tdc dung lén chi tiét vuot qud
gid tri ndng lugng bién dang thi hé thong sé bi mat 6n dinh va sinh ra
cdc hién tugng udn doc.

Trong thuc té trén mot chi tiét c6 thé xuit hién: cing mét lic

nhiéu dang héng khdc nhau.
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1.8 TINH HINH NGHIEN CUU

Trong nhing nidm gan diy phuong phdp thigt k& xdce suat duge dic
biét quan tdm. Phuung phap thi€t ké xdc sudt bao gém: thiét k& theo &
tin cdy, thiét ké bén viing va thiét ké 6 sigma. Trong phuong phdp nay ta
nghién cdu tinh todn theo sy phan phédi xde suit cdc dai lugng thidt kd,
thay vi ¢hi s dung cdc gid tri don dinh. Phuong phdp thigt ké xde suat
nay dam bdo d¢ tin cdy cho trude, an toan, chat luong va tinh kinh té& sdn
phdm.

Cdc nghign cdu chia 1am hai hudng chinh: hugng thu nhat nghién
ctiu 1y thuyét todn do tin cdy va hudng thd hai di vao vng dung ly thuyét
d6 tin cdy dé gidi cdc bai todn thue t&,

Thong thuong ta s dung ba loai phuong phdp dé€ tinh todn 4o tin
cdy theo ham trang thdi gidi han:

- Phuung phédp thd nhat dua trén co sd 18y miu tha ngidu nhién hay
got la phuong phdp mé phing Monte Carlo [8, 25, 31]. Khi ma
phong s& ta phdi sit dung mjt 56 lugng 1én cde miu thy dé ddnh gis
ham trang thdi gisi han va sau d6 si dung cdc phugng phdp thang
ké thu duge cde dic tinh xdc sudt dé phdn tich 48 tin cay.

- Phuong phédp dua trén mé hinh gidi tich d¢ tin cay két cau. Khi dd
ham trang thdi giéi han g(X) duge xdc dinh va s dung cde phuang
phap xdp xi d¢ ddanh gid d% tin cay: phuong phdp mémen thich hop,
phdn tich trudng hgp xidu nhit, phuong phap khai trién chudi
Taylor bac nhat (goi tat 1a FORM), tim kifm difm xde suit I6n nhat
{goi tdt 1a MPP), phuong phdp khai trién chudi Taylor bac hai (goi
t4t 1a SORM), phan tich ngugce dd tin cdy, phdn tich dd nhay..

- Dang phuong phdp thi ba 1a st dung mé hinh thay th& dé thay thé
cdc ham trang thdi gidi han g(X) bing quy hoach thuc nghiém.
Nguyén nhén st dung phuong phdp nay !4 do st dung cdc ham
trang thdi gidi han ban dau (d&i véi cde mé hinh phite tap) € ddnh
gid dé tin cay tdn rat nhiéu thii gian va cdng sic, do d6 phdi tim
mé hinh khdc ddn gidn hon dé thay thé.

Phan tich va thiét k& mdy va chi tiét mdy trén cd sd d4 tin cay chi
dugc chi ¥ vao nhiing nam gédn day.
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CHUONG 2

HAM PHAN PHOI CAC PAI LUGNG
NGAU NHIEN

Trong Linh todn 43 tin cay cdc dai lugng duoe khao s4t nhu 1a céc
dai lugng ngdu nhitn. Cdc sy hong hoe bat ngé duge xde dinh bing cde su
k&t hgp khéng thudn loi ngAu nhién cia nhidu nhan t. Tinh ngiu nhién
lién quan dé&n cdc nguyén nhan cda cdc sy kign, ma cde sy kién nay la bi
mat déi vdi ching ta. Phan tdan tudi the, theo tidu chuin bén mai {ddnh
gid theo ti s& gitia tudi tho cao nhat va thap nhat) déi vdi 6 1an 40, d8i véi
b6 truyén bdnh rang 10-15. Phan tén tudi the theo dé bén mon ciing rat
ldn. '

Cé nhiéu dang ham ngdu nhién d¢ di&n td su phan phdi cla céc
dai lugng ngau nhién déc lap hodc phan tdn. Ching ta chen dang ham
phan phdi ngdu nhién phu thudc vao:

1. Bédn chat cia van dé.
2. Cdc gid thuyét co bdn lién quan dén phan phéi
3. Hinh déng 44 thi gitta ham phan phdi F(x), ham mat d phan phéi

f(x} theo x thu duge sau khi vé 48 thi dua vio cdc dit lidu sdn c6.

4. 5y thudn tién va don gidn dude tao bdi syt phan phéi cho cde lan

tinh todn sau ds. .

Sau ddy ching toi xin gidi thiéu cdc dat lugng ngdu nhién va vai
dang phan phdi dién hinh duge st dung trong tinh todn thiét k& ky thuat.

Trong tai lidéu nay chdng tdi gidi thidu cde mé hinh todn 48 mo td
dd tin cAy cla cdc phan td va hé théng. Cdc mé hinh todn bao gém 4 ham
xdc sudt lién quan: ham d6 tin cdy Rix), ham phan phdi tich loy F(x), ham
mét dé phin phdi f(x) va ham cudng dd hong hix) vdi x 1a dai luong ngiu
nhién. Ta ¢6 thé st dung ching d8 tinh todn dé tin cdy. Ngoai cdc ham
trén ta con si¥ dung céc dai lugng khde nhau nhu: thisi gian lam viéc trung
binh che dén lic héng, diém phéan vi cia phan phdi héng..

2.1 CAC PAI LUUNG NGAU NHIEN

Su phan tdn ddng k€ cia cdc dai lugng trong tinh todn thist ké&
theo cdc chi tiéu vé kha nang lam viéc bao gdm:
- Tai trong tdc dong.
- Cdc ddc tinh co cha vat 1iéu va chi tiét.



Chuong 2
- Dung sai kich thudc nhin duyc trong qud trinh ché tao cde chi tidt
ldp ghép (1dp c6 khe hd va dp d6i).

Dc dé trong tinh tedn do tin cdy cdc tham s6 duge khdo st nhu 1a
cde dai lugng ngdu nhién, gid tri cla ching ¢d thé thay déi trong mét
mién ma ta khang thé bist trude cu thé duge. Cdc dai lugng nay cé thé la
ron rge hode lién tue.

P&l véi mbi s6 hang x trong mién thay ddi cia dai lugng ngdu nhién
X tén tai mot xdc sudt xde dinh P(X<x) sao cho X khéng vugt qud x. Sy
phu thue P(X<x) = Fix) duge goi 13 ham phan phéi hodc ham xde suat
tich lay cia dai lugng ngdu nhién X (hinh 2.1a).

Fix)

Hinh 2.1 w) Ham phdn phot tich lay Fix); &) Ham dé tin edy; ¢} Ham indt
dd xde swdt fix) vi ede dge frung s6 cto tdém nhém dai hoong
ngdu nhién: I- Diém trung vi, 2- Mdt; 3- Ky vong todn.

Ham s§ Fi(x) 124 ham s& khéng gidm (tang don didu ddi véi qud trinh

lidn tuc va tang theo bic déi vdi qud trinh roi rac). Trong gidi han cda dai
luong ngiu nhién X nd thay d&i tir ) d&n 1.
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di(x)
X

Pao ham cia ham phan phdi theo x: fix)= duge goi 1a mat do

phin phéi (hinh 2.1c). N§ dic trung tin s& ldp lai cua gid tri cho trude
cta dai lugng ngdu nhién. Trong cdc bai todn do tin cay né duge sir dung
rong rdi nhu 1la mat d6 xdc sudt.

bac trung mgt cdch tuong 481 day do phan phéi dai lugng ngiu
nhién bang cdc dai lugng sd (hinh 2.1c). K¥ vong toan (gid tri trung binh),
mét va diém trung vi, ddc trung bdi vi tri cdc diém tAm nhém cde dai
lugng ngiu nhién theo truc sid. Phuong sai, sai léch binh phuong trung
binh, hé s& bién phan, dic trung sy phan phdéi dai luong ngdu nhién.

Cac dac trung duge si dung trong ludn theyét thing ké (€ xd 1y cde
két qua quan sdtl) va trong ludn thuyét xac suat (d8 1y gidi du dodn dé tin
cayh.

Ky vong toan {(gia tri trung binh) m, - 1a dac tinh chd y&u va don gidn
phat cia dai lugng ngdu nhién X. Gid tri k¥ vong todn theo két qud quan
sdl d6i v6i cdce dai lugng 131 rac cling nhu lign tuc dude goi la woe luong
ky vong todn hodc wée lidgng gid tri trung binh X,

I:Z%} hoac Z% (2.1}

trong dé: N - téng s6 cdc quan sdt; x; - gid tri dai luong ngdu nhién; p; - s6
cdc gid tri x; gidng nhau.

Trong cong thic diu lién ta xdc dinh téng clia phdn ti, trong
trugng hop thd hai p; cde phan td vdi cdc gid tri x, giéng nhau. Khi sé
quan sdt (thy nghiédm) dd idn ta cé m, = X .

Trong cdc bai todn xdc sudl ngudi ta xdc dinh k¥ vong fodan theo
si phu thude vao mat d¢ phéan phél fix) (481 vdi cde gid tri lign tue) hodc
xdc sudt p; xuat hién gid tri x; (d8i vdi cde dai luong phan tdn).

m, = Jxl‘(x)dx ; m, = Ipx, (2.2}
Phuong sai dai lugng ngiu nhién - k¥ vong todn cla binh phugng cdc sai
léch dai lugng ngdu nhién ndy so vdi ky vong todn cda né.

Udc lugng phuong sai dai lugng ngdu nhién - gid tri trung binh
binh phuogng hiéu s§ gita gid tri dai lugng ngdu nhién va gid tri trung
binh cua ching:

Dt = —— Sk, ~xf hote —— Y ulx, -xf (2.3)

N-I N-|
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Thuit ngit "phuong sai” ¢ nghia 1A 4§ phan tdn va dic trung bdi
dé tdn man {(phdn tdr) dai lugng ngiu nhién.
P61 vdi cde dai lugng ngdu nhién lién tuce:

D, = I(x-mx)z F(x )dx (2.4)

Bé&i véi cde dai lugng ngdu nhién phén tdn:
D, = Z(x; - m,)*p; (2.5)
Phuong sai c6 thi nguyén bang binh phuong dai luong ngiu nhién.
bé st dung thudn tién hon d3c trung do phan tdn ¢6 eung thit nguyén vdi
dai lugng ngédu nhién, ngudi ta thudng st dung dic trung 1a sai léch binkh
phuong trung binh la cdn bic hai cia phuong sai:
Se= YDy (2.6)
P& ddnh gid A4 phén tdn nhd vao mat dai luong khéng thit nguyén
ngudi ta s dung Aé s8 bién phdn bing ti s& gita sai léch binh phuong
trung binh v k¥ vong todn, tice la:

v = (2.7)

Phuong sai va sai léch binh phuong trung binh dac trung 46 phin
tdan dién hinh hon cdc dai lugng khdce nhir gia tri trung binh cdc dai lugng
ngdu nhién.

Piém phdn vi duge goi la gia tri cda dai lugng ngiu nhién tuong
Ung véi xde sudt cho trude.

Biém phdn vi tueng dng vdi xde suat 0.5 dude goi 1a difm frung
vi. PHém trung vi dac trung che vi tri ¢da tdm nhém dai lugng ngiu
nhién. Dién tich dé thi ham mat 46 phan phéi duge chia bdi trung vi
thanh hai phdn bing nhau ¢hinh 2.1).

bé dac trung cho dd phan tdn dai lugng ngiu nhidn ngusi ta su
dung thém sai léch xde suit, bing mot nida hidu cde didm phan vi x4 va
X Wie 14 gid tri dai lugng ngdu nhién tuong dng vdi xdc sudt 0,75 va
0,25,

Mét dai luong ngAu nhién dude goi 1A gid tri khi -ma mat dd xdc
sudt ldn nhat.

Cace dai Iupng diém trung vi va mét, tuong t nhir cac dai lugng
vita k&, duge chuyén thanh cde thuit ngir trong ludn thuyét thong kb, Déi
véi cdc phan phai 461 ximg (phan phéi chudn) thi k¥ vong todn, mét va
diém trung vi trung nhau.
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2.2 CAC SU PHU THUOC CHU YRU

B3 phan tdn ddng ké cdc thong s6 chd yéu do tin ciy dinh trude
su cAn thiét phdi khdo sdt ching theo quan didm xdc sudt.

Nhu da trinh bay trong phidn vi du cdc ddc trung phan phéi, cdce
théng s4 d0 tin cdy dugc su dung trong ludn thuyét théng hé dé wée
lugng trang thdi va trong luan thuyst xde sudt d¢ duw doan. Cac thong
s0 thi nhat bidu dién béi cdc s§ rdi rac, trong 1y thuyét thong ké va ly
thuyét dy dodn 49 tin cay goi la wde lugng. Khi s6 lugng cdc thy nghiém
ldn thi ching duge xem nhu 14 cde dée trung that cua 45 tin cay.

Ta khao sdt s6 lugng 1dn N cdce chi tiét trong thi gian tht nghiém
hode van hanh t @€ ddnh gid do tin cay. Gia s d&n cudi thoi gian t tha
nghiém hodc vdn hanh con lai NJt) chi ti&t con khd nang lam viée va
Ngt) chi tiét hdng. Khi dé s6 lugng tugng doi cde chi tidt hding:

N, (1)
-

Néu thd nghiém duge tidn hanh mét cdch ¢6 chon loc thi F(t) ¢4
thé duge khdo sdt nhu la woe luong thong ké cdc xdc suit héng hodc
néu N tuong d6i 16n la xde sudt héng.

Fi) (2.8)

Néu trong trudng hop khi cdn thigt nhan manh su khdc nhau cila
ude luong xdc sudt vdi gid tri xde suat that thi vde lugng sé duge ky hidu
thém mot dd'u #, cd nghia 1a F#it),

Xdc suat lam viée khong héng hoidc goi 1a ham do tin cay
thinh 2.1b} dugc ddnh gid bidng s6 lugng tuong d&i cdc chi tiét con khd
niang lam viéc:

R(1) = N 1) - N, (1}
N N

Vi hdng va khéng hdéng 1a hai hién tugng doi nghich nhau, do d4
téng xdc sudt cda ching bing 1:

Rit} + Fit) =1 {(2.10}

Tl sy phu thude trén ta suy ra:

Khit=0;n=0; Fit) =0 va Rit) = 1
Khit=z=oe;n=N;Fit) =1 vaR{t} =0

Phan td héng theo thdi gian duge dac trung bdi ham mat dé phan
phdi héng fit).

Theo luian thuyét thang ké:
AN, AF()
NAL A

{2.9)

tity=

(2.11)

Theo ludn thuyét xde suit:
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frey = AMO (2.12)
dt

trong do: AN; va AF(t) - 88 gia cdc chi tiét hong va tuong (ng l1a xdc sudt

hing trong thoi gian At.
Xde sudt hong va lam viéc khéng héng theo ham phén phéi f(t)

duge biéu dién bing su phu thude sau:

[ x
F(t) = j’rmm Khi t = = thi F(t) = mem: 1 (2.13)

L 1)

t @
Rit)=1-Fit)=1- If(t)dt: jfmdt khit=wthiRt) =0 (2.14)
1) L

Bdng 2.1 Quan hé gida cdc ham danh gia do tin cdy

Ham Rit) Fit) f}_t) hit)
Rit} - 1 - Fit} L * S
1- ji‘(t ydt = J.f{l)dl —‘.‘l.hi!}d[
e ®
L1} 1
Fit) 1- Rt - t '
jf“)dl —Jhn S
l-e "
1
fit) _dR(p) dF () - . 'Jh”]d,
dt dt hitje ¢
hit} _ 1 dR(ty 1 dF{) (1) -
R(t) dt 1-F{ty dt i
jf{t)dl
r
Vi du 2.1

Ham miét dé phan phéi cia dai luong ngiu nhién T 1a thei gian

cho dé&n lic hdng (tinh bing gi&) clia may nén ¢6 dang:

0,001

i —l — 120

=9 (0,00lt+ D
0 khi t<0

Hay tim 48 tin cdy sau 100 h lam viéc.
Giai:
:j 0,001 e -1 | ) I

(0,001+1) OO01C+D] (0,001t +1)

t

1 _ 0.00m
(0.001e+ 1) (0001t + 1)

Vi Fiiy=1-Riy=1-

Pé tin cdy sau 100h lam viée:

R(100) :

R E—— P
(0,001,100 + 1)



Ham phdn phéi...
Thai gian thidt ké 1a thai gian lam viée cho dén lic hdng tg tuong
Ung vdi xde sudt lam vide khéng héng R duge xdc dinh theo didu kién
Rity)=R. Vi du xdc dinh thoi gian lam viéc cho dén ldic hong d& do tin cay
dat dugce gid tri R = 0,95.
|

= =095
(0,001, +1)

R[[R)
Tir ddy suy ra:
1
tg = 1000 —— -1 |=52.6h
. ({(1.05 } ’

Xdc sudt hong trong khodng thdi gian (ty, t») ¢é thé xdc dinh theo
chng thic sau:

h
P(t,< Tsty)= Fit,) — Fity= Rt,) — Rty) = _[r(t)m (2.15)

Theo vi du 2.1 ta tinh xdc sudt héng trong khodng thoi gian Lir 30
dén 120 h theo cong thite sau:
P{30< T<120)= F(120) — Fi30)= R(30) — R(120)
B I I
T (0.001.30+1; (0.001.120+1)

=0,077075

2.3 HAM CUONG PO HONG

Tién hanh thi nghidm cdc phén tir gidng nhau véi cing didu kién
lam viée nhu nhau. Gid sit goi N la téng s6 phan t& gidng nhau duge thu
nghiém, Ng(t) s6 cdc phan tr con khd nang lam vide tai thoi didm t, va
Ni{t) 12 s8 cdc phdn td bi héng trong thei gian t. N&u ti€p tuc thir nghiém
thi 6 cdc phan tr ¢on khd nang lam viéc sé ngay cang it di va s phan tu
hong héc sé tang 1én. Khi d6 d6 tin cay cGa phdn t¥ tai thai diém t duge
xde dinh theo cdong thic:

Rm:N_ktt}=N—N|-<I):]_Nr(U (2.16)
N N
Khi N khong d4i thi:
dRO __ AN : (2.17)

dt N dt

Cudng d4¢ héng hodc cdn goi 14 ham may rii hode cudng dé
may rui, ky hiéu 1a h(t). Khdc véi mat dé phan phdi, cusng d6 héng hit)
dugc so sdnh véi s§ cde chi tidt N, con khd nang lam viéc ma khéng phai
v6i téng s cdc chi tidt. Tugng ing trong luan thuyést théng ké:

AN,

hity =
N, At
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s

3 N . N .
va trong ludn thuyédt xdc sudt tinh dén Ry =-—> ta ¢é:

1dNGO _ N dNgy - 1 dRe
N, dt

hity= =
. N, Ndt Rity ot R{D)

(2.18)

Tw day suy ra su lién hé gilta xdc sudt lam viéc khong hong va
cudmg dd hong hit):

L
dRaty -hitydt , suy ra |nR(l)=—Jh(l)dl
Rety ;
—jl)llldl
howde: Rity=e " (2.19

Bigu thuc nay 1a mot trong cic phuong trinh chi yéu eda ly
thuyé&t dé tin cay.

Cutrng do héng con ¢ thé bidu dién theo quan diém ham phén
phéi xdc suat cda tudi the cha phén tir. Ham phan phdi clia tudi tho hosc
théari gian héng T cda phan ti duge xdc dinh bdi:

1
Frit)= jl‘T(x)dx

(2.20)
th
BP6 tin cdy cta phdn tf duge xde dinh theo cdng thie:
. —]hrxn]x
Riy=PT>ty=1-P(T<1}=1-F{)=¢c " (2.21)

L
Hodc  Infl—Ep(til=—[h(x)dx
8]

Bdng 2.2 Cuong dé hdng cia mot so’ chi tiét indy vg sdn phdm

Chi tiet Cutmg d6 hoing Hé thong Cuimg do héng
. tréenlgy trén 1000 h
‘Buléng, true | 2.10"" May nén ly tam 1,510
Vong dém 5.10° May phat diézen 1,2-5.10°%
Mai han éng 5.10° Ty lanh gia dinh | 4-6.107
611g nha 4.10% May tinh ldn 4-8.10
Van 2,10 May tinh ¢ nhan | 2-5.10°%
Tam mach in 7-10.10*
Lay dao ham hai v&, ta thu duge:
- l"T'(” - *h(l)
[ - Fpit)
nghia la: h(t)=1Ti}-=——l;"—“-J— {2.22)

Rty 1-Fp(n)

Trong cong thie trén dé den gidn ta thay thé fx(t) va Fr(t) bing
fit) va Fit) tuong ¥ng 1A ham mé§t d¢ xdc sudtl va ham phan phdi cua T.




Ham phin phdi..,

Trén biang 2.2 trinh bay cudng d0 hong trung binh cua cdac chi tiét
va hé thong khdc nhau,

2.4 HAM PHAN PHOI DEU

Va1 dai luong ngdu nhién duge phan phdi déu thi mat 46 phan
phéi o gia tri khéng d8i trén doan ia,b). Ham mat 46 phan phéi ¢6 dang
sau;

I e
fit-< h_u astsh {2.28)
0 khi r<at=b
vdi a va b xdc dinh gidi han trén va dudi dai lugng ngiu nhién.

Gia tri trung binh va sai léch binh phuong trung binh xdc dinh

theo cong thice sau:

_u+bh
Toog
- (2.24)
12

Vi du 2.2
Gidi han bén eda gang lién hé véi dé rdn hé mat do bang phuong
phap Brincll nhu sauw
o, = 1,6HB - 86,18  (MI’a)

Néu HB phan phéi déu vdi gid tri ndm trong khodng 140 + 150,
xdc dinh ham mat dd xdc suat cia o,
Giai
Liat J&

andn pkd it

i

o-a
a) g N
Ham
ardn phd fit
1
G35
oY) 0 t




Chudgng 2
Vi HB phén phéi déu trén khodng 140%150, do dé o, s& phén phdi
déu trén khodng 137 82+153,82.
Khi dé ham mat d§ xdc sudt;
f(o,) = I0,0()ZS 137.82MPa < 5, < 15382MPa
’ 1 0 khi o, <13782%c, >15382

2.5 HAM PHAN PHOI MU

Trong giai doan vdn hanh binh thuting (lAm viée én dinh) cda
thiét bi thi cdc héng hée ddn ddn chua xdy ra va do tin cay duge dic
trung bdi cde hdng héce bat ngd. Cdc hdng hée nay duge gay nén hdi sy k&t
hgp nhiéu yéu t& khdng thudn lgi do dé cé cuting do khong d8i:

hit) = % = const {2.25)
trong do A = e vdi m, - th&i gian lam viée trung binh cho d&€n lic héng
m,
{théng thuéng tinh bang gid),
Gid tri A bi€u di&n 56 héng héc trong 1 gidr va o6 gid tri rat nho.
Ham dd tin cay (xdc sudt lam viée khéng hdng):

—| At _
Rit)y=e " =¢* (2.26)

Ching tudn theo quy ludt phan phdi mii thi gian lam viée khéng
héng va giéng nhau trong méi doan thoi gian trong giai doan van hanh
binh thuing.

Ham s6 phan phéi dang ma cé thé xdp xi thoi gian lam viée
khong héng cho da s6 cde chi tiét: cde may mée quan trong lam viée trong
thti gian lam viée 6n dinh, cdc chi ti6t thi€t bi dién t, cdc mdy voi su
thay thé& lién tuc cdc chi tiét héng, mdy méc vdi cdc hé théng truyén dong
thuy lue va dién va cdc hé thong didu khién, cdce d8i tugng phic tap, cau
tac tir nhiéu chi tiét (khi ma héng héc méi chi tiét khong anh hudng dén
toan bé hé théng).

Ta din ra cdc vi du sy k&t hgp didu kién lam vige khéng thuan lgi
cda cde chi tiét mdy gdy nén hién tugng héng héc bat ngd (gay). Vi bé
truyén bdnh rang cé thé xdy ra khi chiu tdc dung tdi trong qud tdi tdc
dung trén rang y&u nhdt khi dang &n khdp tai dinh rang, cung luc dé do
sai 50 ché tao trén vong 4n khdp chi cé mét d6i rang an khdép. Triking
hdp nay chi ¢ thé xay ra trong thdi gian nhiéu ndm van hanh ho#c hoan
toan khong xdy ra.



Ham phdn phdi.
Vi du két hgp cdc diéu kién lam viée khong thuén lgi gy nén hién
tuong gay truc c6 thé xdy ra khi tde dung cda tdi trong "ldn nhat" tai vi

tri ma truc chiu tdi trong ¢d tiét dién bé nhdt trong mat phing tdi trong.

N&u At < 0.1 thi ¢éng thie ddi vdi xde sudt lam viéc khong héng
duye Tat gon bing két qua cda vigc phan tich ching ra dang ddy:

Rit) = 1- At + Q;;—‘]-_- —Q%I)—+,., =1-x (2.2

Mat d6é phan phoi:
dRit) S it

fity = - = ke {2.28}
dt
Gid tri xdc suat 1am viéc khong héng (hinh 2.3) phu thude vao:
MUt = L
m,

Sy quan hé gida At)t va R(t) cho trong bang sau:

MEn 1 0,1 0,01 0,001 0,0001
Rit} 0,368 0,9 0,99 0,929 (,9999
Khi —— =1 xdc sust R(t) = 0,368, tic la 63,3% hdng hoc xudt hién
m

L

trong th&i gian t<m, va chi 36,7% xuat hién sau dé. Do dé, ti bdang sd lidu
trén dé ddm bdo xdc suit ldm viéc khéng hong 0.9 hodc 0,99 thi ta su
dung chi mét ti s6 nhd th&i gian phuc vu trung binh (tuong dng 0,1 va
0,01).

R{t); h{t): fit) -lgRin
Hit) o
0,368
) h{t)

i t !
Hinh 2.3 Ham xdc sudlt khéng Hinh 2.4 Xde dinh xdc sudt
hong R(t), mdt dé xde sudt f(t) khéng héng theo két qud thuc
vd cudng dé héng At) nghigm bdng dé thi

N&u sy lam vigce cdc chi tidt xdy ra & cdc ché 43 khdc nhau va do
cudng do hong i (thee thoi gian t)) va &, (theo théi gian t,) thi:

R(t) = e thihozs) (2.29)



Chudng 2
Su phu thude nay nhdan duge bing phép nhan xde suit. D& xdc
dinh trén co s¢ cic thue nghiém cuwmng d6 héng ngudi ta wic lugng than
gian lam vide trung binh cho d&n lic haong:

Lo .
m‘tﬂ.lzﬁzh (2.30)

trong dé N - tdng sd cde quan sdt.
Khi do: A= % (2.31)
Co thé st dung phuong phdp dé thi (hinh 2.4) d& dua ra didm thue
nghiédm theo toa do t va -1glit). DAu tri duge chon vi Riti<l, do dé lgRit)
14 dai lugng am.
Khi dé 1ay logarit bidu thic déi véi xdc sudt lam viée khéng héng.
IgRit) = - Atlge = -(0,4343.t (2.32)
No d6 géc nghiéng duding thing di qua cde didm thue nghiém:
tgo = 0,43435 tir d6 A = 2 3tga (2.33)
Theo phuong phdp nay ta khéng cdn thiét phai tién hanh dé€n cudi
thd nghitm tat ca cdc mAu thy (chi cdn hai diém)

Sit dung quy luat phan phdi theo ham mi ta ¢é the d& dang xdc
dinh trung binh cde chi tiét b1 hing trong mét thai gian d4 che va trung
binh cdc chi tiét N, ¢dn khi ning 1am viée. Khi it < 0,1;

n = Nat; N, = N(1- At) (2.34)

Vidu23

Xdc dinh xde suit Rit) khong xdy ra cde hing héc bat thudng cia
i cAu trong thei gian t = 10000h néu cudng d6 hding A = L I—H
m, |0"h
Giai:
Bdi vi &t = 10%.10" = 107« 0.1 ta st dung su phu thuée gin ding:

Rit) = 1- At = 1-10"" = 00,5999

Tinh todn theo sy phu thudc chinh xdc R(t) = ™ trong gidi han
hén s§ thap phdn cé kél qud tuong tu.

2.6 HAM PHAN PHOI CHUAN

Déi vdi giai doan héng héc ddn dan cdn thist phai 6 cde quy luat
phan phdi théi gian lam viéc khong héng, theo quy ludt nay ddu tién c6
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Ham phin phéi...
mAt dé phan phdi thap, sau dé dat dén gid tri ldn nhat va tiép tuc la
giam dan lién quan dén sy giam s0 cde phan td con khd nang lam vige.

Ligén quan dén su da dang cua cdc nguydn nhan va didu kién phat
sinh ¢dc hong héc, trong giai doan nay d& mé td dé tin cay ngudi ta su
dung mot vai quy luat phan phéi thu duge bing con dung xdp xi cde két
gua thi nghiém hay quan sdt trong qua trinh van hanh.

Quy ludt phan ph&i chudn 13 quy ludt phé bién va thudn tién nhéat
va duce st dung phd bigén nhat trong tinh todn (xem hinh 2.5, 2.6).

Phan phéi luén luin tuan theo quy ludt chudn néu nhu dnh huing
dén sy thay déi dai luong ngdu nhién 13 cde nhan (8 gdn nhu chng gid tri.
That gian che dén lde hong cua nhiéu chi tiét phue héi hose khang phue
héi duge tudn theo quy ludt phan phdi chuidn, Ngoai ra, kich thude va do
bén cua ede chi tidt cang tudn theo quy ludt nay.

Him mat d6 phian phdi:

1 _f,l i ]
ity = ——¢ % (2.35)
Sy 2w

Phan phdi ¢6 hai tham s déc lap: ky vong todn m, va sai léch

binh phuong trung binh S. Ngudi ta ude lugng gid tri cde tham s6 m, va §
theo két gud thue nghidm theo cong the:

m s (=&t (2.36)

[ —; v
Bss=1——> I - (2.37)
‘J'N—lzl‘ !
trong dd: t va 8§ - udc lugng k¥ vong todn va sai léch binh phuong trung
binh.

f{t) Rty
oy e

0.13%
il

38 28 5 0 8 25 35 g
Hinh 2.5 Hdam mdt d¢ phan pheT v ham dé tin gy phan phéi chudn

Su xdp xi gitta cde tham s va cde ude lugng eoa ching duge tang
lén vdi viée ting %6 méau thuc nghiém. D61 khi thuan tién hon khi dua
trén phuong sai D = 8%
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Chudng 2

Ky vong todn xde dinh trén d6 thi (hinh 2.5) vi tri dudng cong va
sai léch binh phuung trung binh - chidu réng dutng cong. Khi § cang nhé
thi dudng cong mat d¢ phan phdi céng nhon va cao hon. Né thay dé&i tu
t = - ddn t = +». Tuy nhién ndé khong ddng ké khi nim ngoai khodng
{m, -38, m+38), bsi vi xdc suit hdng khodng th#i gian d&n m, -38 chi
bing 0,14% va thong thudng duge bd qua khi tinh todn. Xdc suat héng
dén m, -28 bidng 2,175%. Gid tri 16n nhat cla tung d6 duéng cong mat dp
phan phéi bang 0,399/,

Ham tich phdn cda phan phéila ham xdc sudt héng:
1

Fity =  |fiode (2.38)

—s

Xdc sudt lam viéc khéng hédng duyge xdc dinh tuong ung:

Rity=1 - F(t) {2.39)

Ngu#i ta thay thé vidc tinh tich phan bang cdch sif dung bdng tra.
Cdc bang tra doi v4i phan phdi chudn ciia ham sd theo (1—m,) va S rat
phic tap vi ¢é hai tham s8 doc ldp. C6 thé thay thé bing cdc bing tra
phan phéi chudn, ma khi d6 m, = 0 va S, = 1. D31 vdi phan phdi nay ham
mat d6 phan phdi:

X
I 5
e < (2.40)
2w

chi ¢6 mot bién sd x. Pai lugng x 13 dai lygng trung tdm bdi vi m, = 0 va

ﬂ,(x] =

chufin héa S, = 1. Ham mat d¢ phan phéi duge vidt trong toa d¢ tuong dai
vdi géc toa do trén truc déi xing dudng cong.

Ham phan phdi - tich phéan eia mat d6 phan phdi.

Fulx) = ]ll'n(x)dx (2.41)
o x v
Suy ra: Fo(-x) = - qu(x]dx = Ii'l]()()dx (2.42)
T phuong trinh ndy ta suy ra ring:
Fyix) + Fypi-x) = 1, tir day Fyi-x} = 1-F(x} {2.43)
bé sit dung bdng ta st dung su thay thé x = L—_-g@-h; khi dé6 x duge

goila diém phdn vi cda phan phdi chudn hda va duge kv hidu la z;.

Mat 46 phan phéi va xdc suat [am viéc khdng héng tuong (ng:

38



fity = X (2.44)
L) = Fuix); Rit) = 1 - Fylx) (2.45)
Trong dd mot s& gia tri f,0x) va Fulx) duge lay to bang 2.3.
Bing 2.3 _
X 0 1 T2 T3 4
fulx} 0,3989 0,2420 00540 | 00044 | 00001
i...___ Fuix) ____0,500_(_]__ | 0,84]3____ 0,__9_772 1 0,8086 0,9999

Théng thudng st dung ham sé& La.place thay cho ham so tich phan
phan phai,

Bix) = Jr[,(x)dxr— ¢ 2dx (2.46)

Rt

hitl

a4

Hinh 2.6 Cde ddc trung chi yéu phdn phdi chudn ki cde gid tri khdc
nhaw cud cde sar 1éch binh plhuong trung bink: a) Mdt dé xde sudt
fit); bi Xae sudt lim vibe khidng hong Rit); e} Cuing dé héng hit)

So sdnh cde chi tiét véi cing thdi gian lam viéc cho dén lic hing

vdl cdce gid tri sai léch binh phuong trung binh S khic nhau, cdn thiét

phai nhin manh ring mie ddu gid tri 8 ldn vdn ¢6 cdc chi tidt c6 tudi tho

cao, nhung gid tri S cang nho thi chi tiét ¢d chat lugng cang cao.
Ngoal bai toan ude lugng xde sudt lam viéde khéng hdng trong thai
gian lam vig¢e cho trude, tén tai bai todn nguge - xdc dinh thdi giun lam

viée tugng dng vdi xdce sudt lam viée khéng hong cho trude,
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Chudng 2
Ngudi ta xdc dinh gid tri coa thén gian 1am viée nhd vao diém phin
vi cua phan ph6i chudn chudn hda t=m,+z,5.
Gid tri didm phan vi duge dua ra trong hang 2.4 phu thude vao xdc
sudt theo véu cdu, cu thé 1a xdc suat 1am viée khéng héng.

Bing 2.4 e

[ rRu | os0 [ om0 | 09 | o0ms | 0999 | 09999 |
e 0,000 | 1,282 1,645 2,296 4,000 3719 |

(ldc phép todn vidi phan phdi chuin don gidn hon cdc phan phai
khic, do dd ngudi ta thudng thay thé cdc phan phdt khdc boi phan phai

chuian. Khi gid tri bién phin v = - nhd thl phan phéi chuan thay thé

m,

£5t bdi cde phan phdi da thie Poisson va phan phdai logarit chudn.

Vi du 2.4

Ude lugng xdc sudt lam viée khong héng Rit) trong thai gian
t=1,5.10" h cia méi ghép bi mon néu tudi tho theo dé mon wan theo quy
luat phan phéi chudn véi cdc tham =8 m,=4.10" h va S=10"h,

Giai:
Ta tim diém phan vi:

LSt - 40 .
7y = = -2,5

T dd suy ra R{t) = 0,9938.
Vi du 2.5

The nghiém tién hanh khao sdt tudi the 100 bd thing xe 6 td
khac nhau thu duge gid tri m,= 56669,5 km va sai léch chuin 8§ = 12393.5
km. Gid st tudi the tudn theo qui luiat phan phdi chudn. Tim xdc sudt
hong thing xe khi t = 30000 km.

Giai
Diém phén vi: 2, = t-m, 50000 566678 _ 0,538
S 1239364
Theo phu luce 1:
Fity = Piz « -0,5181) =1 — Pz <0,5391)
=1-07054 = 0,2046
Viduy 2.6

Udc lugng tudi tho t,s xdc suat khéng hing 80% cua bdanh xich xe
kéo. Bigt ring tudi tho banh xich dudge gidi han theo dd mon, tuan theo
quy luat phan phéi chudn véi cde tham sé m, = 10*h, $S=6.10"h.

Giau
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Khi R(t}= 0,8 z,=-0,84
Los=m+ 75=10%0,84.6.10° = 5.107h.

Vi du 2.7
M6t nha may tu dong sdn xudt & bi. Pudng kinh trung binh con
lan 12 d = 6,38048 mm. Sai léch binh phuong trung binh duting kinh con
lan Sy= 0,.2175 mm. Kich thude phan phéi theo qui luat chuan. Xae dinh:
a) Xace sudt dudng kinh con ldn 4 = 6,35 mm.
b} Xde sudt duvng kinh naAm trong khoang 6.53796 vi 6,38048 mm.
Giai:
a) Xdc dinh diém phan vi chudn:
, Xy 0,35 -638048 - 0.0
S, 03175
Tra phu lue 1 ta ¢d Piz < -0,089)= 0,4641 va Pix < -0,10)= 0,4602,
Nai suy khi z = -0,096 ta c6 R = 0,4618 Do d6 46.18% dutmg kinh con ian
nho hon 6, 35 mm,

m, _ 638048 — 638048
03175

by Khi d = 6,38048 mm ta ¢6 » - X ={I tuong dng

R = 0,50000.
X=—m (1.537';96 (1._3 AO4R

Khi d = 65379 mm ta cd =z T ST TG = .50
tuvong ung R = 0,6915.
Do d6 xdc suat kich thude dudmg kinh nam trong khoang 6.53796

vt §.38048 1a 0,6915 — 0,5000 = 0,1915 hoac 19,1577,

2.7 HAM PHAN PHOI LOGARIT CHUAN

N&u logarit ctia dai lugng ngiu nhién phan phéi theo quy luat
chuan thi dai lugng ngdu nhién dé duge phan phoi logarit chuan. Do phan
phéi cae dai lugng duong, chang chinh xde hon quy ludt phan phél chudn
khi mé ta thai gian 1lam viée cho dén lic hong cac chi tigt theo dd bén
moi. Ngoai ra, ching ¢é thé duge su dung dé mé ta thoi gian lam viée cho
dén lic héng cia 6 l4n, dén dién tr va cdc chi tiét khae.

Quy luat phan phéi logarit chudn thuan tién s dung cho cac dai
lzgng ngdu nhién, 1a tich cua sd lugng ddng ké cdc dai lugng npdu nhién.
Tuong (v nhy phan phéi chuin sit dung thuin tién che téng cae dai lugng
ngéu nhién.

Néu x = Int tuin theo qui luat phan phéi chuan:
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Chutdng 2

[(—l‘l)\];
| 15

f(x) = e (2.47)

S V2n

thi mdt dé phan phdi (hinh 2.7) cua t 12 phan phéi logarit chuan va duge
md ta theo su phu thude sau:

{th-m _F

ft) = — 28, (2.48)

e
1S,V2n
trong dd: m, va 8, - cdc tham s6 duge ude lugng theo két qud thuc nghidm.
Khi thif nghiém N chi tié€t cho d&n lic héng:

Int, .
Z LS w s —-—-]——Z(Inl,-—u*]‘ (2.49)

N N TTTYND

m, =gt =

trong dd: 1 va s - ude luong cde tham 38 m, va S,
Xde suat lam viéc khong hong cé thé xdc dinh theo bang dsi véi
phén phédi chudn (bang 2.1) phy thudc vao gid tri di€m phan vi.
{int-m,)
Zy= ¢

S. {2.50)
Gid tri trung binh thdgi gian lam viée cho dén liic héng:
m, = " RS2 (2.51)
Sai léch binh phuong trung bhinh:
S, = (2.52)

Tir hai ¢ong thic trén suy ra:

Sl = h{(i] +1J vi m, =lam, ~-|—sz (2.53)
m, 2
Hé s6 bién phan:

ve= S sy (2.54)
m,
Khi v, £ 0,3 nguti ta dat v, = S, khi d6 sai s6 < 1%.

Thong thudng ngudi ta bifu dién su phu thudc phén phoi logarit
chuin theo logarit co 56 10 (x = lg(t)).

0,4343 U
o e i {2.55)
S.2n

Vdi cdc tham sd Igty va S xdc dinh theo két qua thuc nghidm:
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Ham phén phdi...

lg[- 1 3
= % Z S ~ S - * 5
gt = gty N S JN_]Z(lgll lgtJ {2.56)
fits
a0
30 |
20 |-
1.0 L
o : é r] ! g o’
RA{iy a
5.0

0

Hinh 2.7 Bdc trung chil yéu cia phdn phéi logarit chudn vol cde tham
§6 khdc nhau: a) Mat dé phdan f(t); b} Xde sudt lam viéc
khéng héng Rft)

K¥ vong todn m,, sai léch binh phuung trung binh 8, va hé 58 bién
phén v, thai gian lam viée che dén lie hédng tudng ing sé bang:

2b5I8;

m, = ty € (2.57})
S, = m, [m_ij —i (2.58)
Ly
v = {m_] ) (2.59)
Ly

Khi v; = 0,3 chon v, = 2,358,

Vidu28

Thit nghiém tié€n hanh khio s4t tudi tho 100 by phanh xe 6 td
khdc nhau (nhu vi dy 4) thu duge gid tri m;= 56669,5 km vA sai léch
chudn S = 123935 km. Gid s tudi tho tuin theo qui luat phan phdi
logarit chudn. Tim xdc suit hdng clia phanh xe khi t < 50000 km,
Gidi:

Piu tién ta xdc dinh cde gia tri 8, va my:
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Chugng 2

. 51 | [23493.64
SHERTY R R B st IR RIS
. m, i [+ 30065 )
i Jd F

007

. - .
va m, —lnm, - -ZS; - In(56668.5) = 19450 00234 - 109216

Diém phan vi z, duge xde dinh theo cong thic:
_ lnv-m ) (n50000-109216)
- S 0.2162

“

=-04710

Xde suat hong Fii) theo phu lue 1:
Fit) = Pt < 50000} = Plz < -0,4710) = 1 — P(z <- 0,4710)
=1- 06808 =0.3192

Vi du 2.9

Prinh gid xdce suat R(t) khéng xuit hién cdc vét héng do méi cia
truc trong thi gian t = 10'h, néu tudi tho phan phdi theo quy luit logarit
chudn vidi cdc tham s8 lgt,= 4.5; §,.= (0,25,
Giai:

o llgt gttt o480
Rit) = 1, |8 leby 0 'y oy
. P 25 T

2.8 HAM PHAN PHOI WEIBULL

Cung vdi quy ludt phan phéi logarit chudn, haim phan bé Weibull
thoa man hoan toan viéc mé tA théi gian lam viée cho dé&n luc héng clia
chi tiét theo pha hdy moi, thai gian lam vide cho d&n lac héng cia é lan,
dén ditn tir... Ham phan phdi Weibull duge st dung dé ude heong d6 tin
cly cdc chi tiét va cum chi tiétl, cu thé 14 6t6, thit bi nang chuyén va cdc
mdy mde khdc. Ngodi ra né edn duge st dung dé ude lugng d6 tin cay theo
cde hong héc trong qud trinh chay ra.

Ham phan phdi Weibull ba tham s& cho thdi gian héng t ¢6 dang:

._I LN ..II‘
te, (2.60)

trong dé: G, 1& gid tri ¢d thé cd nhd nhat cda t (€ = 03 @ 14 tham sé (] 1¢ (8
2 1) va b 1A tham 88 hinh dang (b>0) la ba tham sd cia phan phéi.

Néu tudi the nhé nhat t, ta 14y biing 0 thi phuong trinh (2.60) trd
thanh ham phan phéi Weibull hai tham s6:

i

Fiy=l-¢ ‘" (2.61)
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Hiam phin phéi...

_t=12 B
- t=1 §=1/2
t=1 =1

=1 B =2

1.0 _t=1 R=4

0.5

Hinh 2.8 i mdgt do phdan phdy Werbuldl
Phuang trinh (2.60) ¢6 thé vidt dudi dang:

. .l
[T
!

[T

1-Ffy) =¢ ’ {2.62)
Ham mat dg phan phdi héng (hinh 2.8);

Boi-t TH 7 |
. - | “_1 !
ity . ——| —~¢ Co T L=t (2.63)
H—l“[(]—-lnj !

2.9 HAM PHAN PHOI GAMMA

Ham phan phéi Gamma hai tham s6 stt dung d8 mé tda cdc bién
ngdu nhién duge gidi han ¢ mét ddu.
f(t)
14|
120 =3
10|
08 L
m-
06 Iy
041

0.2 A1

0 1 2 3 4 5 g t

Hinh 2.9 Ham mat d¢ phin phdi Gamma

Itam phan phéi ¢é dang:

\ -.I]IT}—l el
1(1):1&.__L_; 120 A>0 n=0 (2.64)
()



Chudng 2
trong dé: 1'(n) - hAm Gamma I'(n) = Itn_lc_ldl ; n - tham s& hinh dang; X -
i

tham s ti 18,

Tay thudc vao cdc gia tri cda hé s hinh dang nva hé sd ti 12 & ta
6 cdc dudng cong phan bd khéc nhau nhu hinh 2.9. Phan phdi x* va phan
phéi ma 14 cde truting hgp dac biét cda phén phéi Gamma.

2.10 BAI TAP

2.1 Ham s8 mat d6 phan phdi fix) tudi tho mdi cha mdi ghép ren duge xdc
dinh bdai:

— {10}
XU 6i 600= % = 700
f(x ) = 10000
Ry —x
']'i}_(,'”i']_' witi TiWY < x = RiA)

Tim ham phan phéi (xdc sudt phan phoi) Fix,) va ham mat do
phan phéi fix,) tuong dng véi d§ bén méi ldn nhét cda n méi ghép ren.
Vé a8 thi ham F(x,} va f(x,) véi n=1, 10 va 20.

2.2 Gigi han bén cla gang lidn hé véi d6 rdn bé mat do bing phuung
phéap Brinell nhu sau:

o, = 1,6I1IB - 8,6 {MPa)
Néu HB phan phéi déu vdi gi4 tri ndm trong khodng 140 dén 150,
xdc dinh ham mat d6 phan phdi clia o,

2.3 Ti 58 lye cing trén bd truyén dai r = € vél f 1a hé s§ ma sdt va o 1a
gée 6m giva dai va banh dai. Tim ham mat d6 phan phdi clia r khi f
duge phan phai déu trong khodng 0,2 d€n 0,3 v& « = 3 rad.

2.4 Tim ham mat d6 phan phéi cha x = sin® véi # phan phdi déu trén
khodng -n d&n +n.

2.5 Tim ham méat d6 phan phdi clia y =+/x khi ham mat d6 phan phéi cia
x duge xdc dinh:

fxix) =e*vdix=0
2.6 Mat d4 phan phéi cda hai dai lugng ngdu nhién dac lap duge xac dinh:
2 Lhi .
fy (%)= Ae khi x, 20
' 0 khi x; <0
vsii=1, 2 Tim ham méat d¢ phan phéi clia dai lugng:

Y=3%, + 5%,
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CHUONG 3

CAC PAI LUGNG NGAU NHIEN
TRONG TINH TOAN

Khi phén tich va thi&t ké cac k&t cdu co khi va xdy dung theo d6 bén
thi ba dai lugng danh huédng chi y&u: kich thude hoic hinh dang hinh hoc¢ cla
chi ti&t, d3 bén vat lidu va tai trong tde dung.

Kich thude chi tiét phu thuje vao dd chinh xdc mdy cong cu, phu
thudc vao tay nghé gia cong cla céng nhéan, nén luén ludn cé sai s6 va chiang
ta goi 14 dung sai.

Sy phdn tan co6 tinh vaf ligu (dng suat gidi han chi tiét) la do:
khong dong nhat vé thanh phdn hda hoc trong vat liéu, hinh dang hinh hoc
chi tiét va do vat liéu ché tao tif cde qud trinh khac nhau hodc trong csc
thiét bi khdc nhau (goi chung la diéu kién gia céng)

Ngoai ra, tai trong tae dung dnh hudng dén ds bén chi ti&t. Nhu ta
da bigt tdi trong bao gém tdi trong tinh va tai trong déng, tdi trong va dap,
tdi trong do mdi trudng: gis, dong dat, tuyét .. Thanh phén tdi trong tdc
dung chia lam tai trong khong d6i va tdi lrong thay d6i tdc déng l1én chi tist.

Trong chuong nay lan lugt ta khdo sdl cdc dai lugng ngdu nhién ké
trén.

3.1 KiCH THUGC HiINH HQC CHI TIET
3.1.1 Sai léch kich thudc cdc chi tiét

Trong thiét k& c6 khi cdc théng sd hinh hoc nhu dudng kinh true,
duéng kinh mdi khoan, bién dang bdnh rdng va cam, khodng cdch gilia cdc
truc ... ¢é vai trd rat quan trong. Trong qud trinh gia cdng cdce chi tidt thi cdc
kich thude nay luén luén thay d8i chung quanh mét gid tri ma ta goi 14 danh
nghia (kich thude dya theo chic nang). Khi d6, ta do kich thude thuc cta chi
tiét va gid tri nay luén nim trong mot khodng gid trj naoc dé va duge gidi
han béi kich thudc giéi han.

Tuy vao phuong phdp gia cong ta ¢é cde khodng sai léch khdce nhau:
' Phuang phdp | Phay Khoan Mai béng
Sai lech + 0,025 mm + (1,060 mm + 0,0051 mm




Chuong 3
Théng thutng ta kbao sdt kich thude hinh hoc chi tiét 1a mot dai
lugng ngiu nhién va phan phéi theo quy ludt chudn (hinh 3.1):

i -y T

fity = ¢ N (3.1}
S+f2n
1
Khi t= m,, suy ra f{t}) = ——— = 0,339/5
' Sy2m
At dé
phan phé [

1 i i P S
| 65 | t

Hindi 3.1 Ham mdt dg phin phdi kich thide

Khi S cang nhd thi f(t) cang 16n: kich thudc c¢6 sai léch nhé. Khi §
cang 16n thi [(U) cang nhd: kich thude cd sai léch 1on.
(Gid thanh gia cong chi tiét phu thudc vao dung sai {hinh 3.2).

(iia cing thé Mai tho Mai tinh
Dung sai r 0, 75mm + 0,025mm 0,00125mm
(GGia thanh 100-150 200-500 2000-4000
Gia thanh
tuang dii
u] Bung sa

Hinh 3.2 Giag thanh gia cdng phu thude vao dung sai

3.1.2 Sai s6 chuéi kich thude

Khi mét s6 chi tiét duge 1dp trong ban vé 1dp thi su thay ddi kich
thude va cde théng s6 hinh hec cta ching duge xde dinh. N&u Z 1a ham tong
bic nhdt cia cde dai lugng X;:
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Cac dai lugdng ngdu nhién...

Z = Zx
—

Hodc 7Z=2X,+2X,+... X
Khi do gid tri trung binh:

=]

Hode Z=£X;+X,+.. . +X

Sai léch binh phudng trung binh:

S, = S

Neéu X = -)-(-_, tt=m; tt;
. a | B
thi bz = ? Z[i

Vi du 3.1

Mot chuédi kich thude gém 4 kich thude gidng nhau cé gid trili =12+

0,2 Tinh chiéu dai chuéi kich thuse nay.
Giai:
Chiéu dai cda chudi kich thudc:
T=1y ly+ 1+ I
vl i=12+02(1=1,2,3,4)
Khi dé gid tri trung binh:
1=%1; =41, =48
Sat 1&ch binh phurng trung binh:

S = {I8? :%Jﬁlf
Vi ti=ty=ty=1t;=02

Suyra 5 = é‘M.O.Z-‘ _ 04
3

3
Chidu dai cia chubi kich thude:
[=1438, =48+04

Vi du 8.2

Mgt t&m tron cé 2 chét (hinh 3.3) 48 14p vao 2 16 A va B, Cdc kich
thude cho trén hinh 3.3. Xdc dinh xdc sudt sao cho khodng cdch gitia hai tam

chdt dai han khodng cdch giita hai tam 18.
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Chuong 3

Chi tigt 1

Chi tigt 2

Hinh 1.3

Giai:

Khodng cdch gita haj 18 A va B (hinh 3.4) duge xac dinh theo bigu

thue sau:
d=4/d7 +d3

trong do: d;= 200 % 0,12 mm va dy = 150 £ 0,06 mm.

A S
wr \
3 7
o 1
hay |
FIER
& C
ol

dl= 2004012
Hinh 3.4
Gia tri trung binh duge xdc dinh theo céng thie (4.8):
d=\it+d?

Sai léch binh phuung trung binh duge xde dinh theo ¢ong thic (4.9):

d?s? +d3s3
By= T
d]" =+ dz

Vi kich thude tudn theo quy ludt phan phéi chudn, do dé sai léch binh
phuong trung binh ¢6 thé xdc dinh bang 1/8 mién thay ddi kich thude:

0.12
Si= 7 =004 8, U'—‘?é—=0‘02

Do d6 gi4 tri trung binh va sai léch binh phuong trung binh duge xdc

d=_[200% +150% =250

dinh:
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Cac dai lugng ngiu nh ién,..

2007 0.04% +150% 0,02
Sd: 2 2
200° + 150
Xdc sudt ma khodng cach giita cde chét 1 16n hon khodng cdeh gira
cdc 18 AB {(d) 1a:
Pl=d)=P(l-d=0)

=10.034

bat X=l*dvaz=(xnx) ta co:
Sx
P(l>d)=P(X 20) = P {FMZ_A}
Sy Sx
Lrong ds- _i—__i
Sx  Jsl+8?
- 015
Wi i= 249,8 va S|= —"‘3’—20,05_
Suy ra:
X 2498250 0,2 —3308

Sx \/0,(')52 +0,034% 0.0604

P( > d) = P(z > 3,308) = 1-0,998965=0,1035%

3.2 TAI TRONG TAC DUNG

Viée phan tich va thiét ké' cdc chi tiét mdy ciing nhu ké't cdu cin phai
ké dén cdc y&u t6 ctia méi trudng chung quanh, dé 1a tai trong. C6 cdc loai
tai trong dnh hudng dén viéc thiét k& mdy va chi tigt mdy: tai trong khong
ddi, tai trong dong, tdi trong do méi truong: gié, dong dat, tuyst roi..

Tai trong khéng déi

Tai trong khdng déi hay 1a trong lugng cila mdy va k&t cdu. Tai trong
nay tén tai trong sust thii gian lam viée (tudi tho) cta mdy va duge x4c dinh
béng trong lugng cta chi tiét. T4i trong nay thudng duge mé td bing ham
phén phdi chudn,

TAi trong thay déi

Tdi trong cé gid tri thay déi theo tho gian va khéng gian. N6 1a mat
dai lugng thay ddi mét céch ngdu nhién. Tdi trong tdc dong 1én chi tist mdy
lic khéi dong, lGc chay binh 6n va khi c6 tdi 12 khic nhau. Tai trong tdc
dong l&n thang mdy (hinh 3.5), tdi trong tdc ddng lén cde chi tist cda 6t6 1a
céc tdi trong dong.
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a) 2400 N/ m’ b) 4800 N/m” ¢) 7200 N/m*

Hinh 3.5 Tdi trong tde déng lén thang mdy tuy thude vao sé lugng nguoi

Tai trong gio

Van toc gié cing ¢é anh hudéng dén kha ndng lam viéc cia mdy va
cdc cong trinh. N6 1a mot dai lugng thay déi ngdu nhién mot cdch lién tuc.
Do d6, khi thiét ké mdy va coéng trinh chiu 4nh huéng cia gié thi phai ké
dén tai trong do gié gy nén.

Hinh 3.6 Cdu Tacoma Narrows bi sdp do tdi trong gié

Tham hoa sdp cdu Tacoma Narrows xdy ra do tdi trong gié gidy nén
vao ngay 7 thdang 11 ndm 1940 (hinh 3.6). Hong héc nay 1a mot trong nhiing
héng hée dién hinh cda cAu va né gdy su tdp trung chd ¥ cia moi ngudi nhat.
Day la chiéc cAu dai tha ba trén thé gidi tai thdi diém xdy ra thdm hoa.
Nhip cdu chinh dugc treo c¢é chiéu dai 853,44 m. Ngay budi sdng xdy ra tham
hoa van téc gié dat dén 67,6 km/h. CAu bi héng la do dao dong nhip ciu
chinh vugt quda muc cho phép. Dam cdu duge gia c6 cing, né bi uén doc mic
di ¢é nhitng ranh xé khi ndi vdi cdc nhip cdu trude va sau. Cdc nha thiét ké&
da khéng tinh dén ddy dd nhén té méi trudng nay.
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Cac dai Ivgng ngiu nhién...

Tai trong do dong dat

Dgng dat sinh ra dao dong. Dao déng nay anh hudng dén may, chi
tiét may dang lam viée va cdc cdng trinh dang st dung. Hién tuong dong dat
¢6 the sinh ra cong hudng trong mdy, lam hu héng chi tigt va thiét bi. Do de,
ta phdi tinh dén tan s8 riéng cia mdy dé tranh xdy ra hién tugng cong
hudng khi ¢6 dong dat. O Viét Nam ti naim1964 cdc nha khoa hoc da nghién
ciiu vé dong dit. Hudng nghidn cdu chi y&u 1a téap trung danh gia mdc do
nguy hiém cia dong dat, thiét lap tiéu chuin qui pham xiay dung khédng chan
ddi vdi cac cbng trinh xay dung thuy dién tai vung ¢6 kha ning xdy ra déng
dat. Vao nam 1976 cdc chuyén gia Lién X6 va Viet Nam sau mot thai gian
nghién ciu da két lugn nguy co doéng dat ¢ thiy dien Hoa Binh dén cap 7,
cdp 8 {theo thang Chau Au gom 12 cdp). Khi d6 cée nha thiét ké chéng dong
dat cdp 8 cho cong trinh. Péng thoi cdc chuyén gia cing du bdo vi tr{ déng
dat ¢ khu vue dap & ddt gay chg Bo vdi 5,3 do Richter. Sau khi ddp hoan
thanh thi viao nam 1989 mét tran dong d4t 4,9 do Richter da xuit hién ding
vao vi tri du bdo. Do véi thiy dién Son La két qua danh gid nguy co dong
dat munh cdp 8 da duge dua vao dy én kha thi cong trinh. Ngay 8/11/2005
hai con dgng dat vao lic 1 h véi 5,1 dd Richter va 14h55° vai 5,5 dé Richter
lam rung chuyén cac eéng trinh trén cde thanh phd Hé Chi Minh, Viong Tau,
Phan Thiét.. Do d¢ cdc cong trinh x4y dung phai tinh dén tai trong do dong
dat gay nén.

Tai trong do tuyét

Tuyét roi va bam trén mai nha lam tang tai treng tdc dung. Ngay
15/02/2004 tai Moscow (Nga), do lép tuyét roi qud day nén méai che bing
kinh cia m¢t edbng vién nude sdp xudng lam 24 nguii chét va hang tram
ngudi bi thuong, két ludn so bé cho thady nguyén nhan 1a Xhi thiét k& chua ké
dén tai trong do tuyét gay nén.

Ngodi ra con ¢6 tai trong do song than, 16 lut gdy nén..

3.2.1 Déc trung tai trong ciia mdy theo quan di€m xde suat

Kha nang tai cua mdy va cdc chi tiét rieng biét khi tinh todn do bén
moi duge dic trung bdi cde phd téi trong tuong dGng, nghia la tap hop cic gia
tri ma ta) trong cé thé nhan duge. Phé tai trong c6 thé la roi rac hoiic lién
tuc.

Thong thutng cdc phé roi rac (hinh 3.7) duge bidu dién theo cde tryc
toa do: tai trong L, khoang théi gian p tuong d6i duy tri tdc dung tdi trong
thinh 3.7a) hoac 1a thee truc toa do: téng thoi gian tuong ddi ¥p, tuong doi
duy tri tdc dung tai trong va tdi trong L theo muc d6 gidam dan (hinh 3.7h).
Dang thir nhat 12 dang kha vi, dang thii hai 1a dang kha tich.
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Chutdng 3

D61 vdi cde phd lién tuc cda tdi trong ngudi ta dua ra ham s6 mat dé

L

phéan phdi f{L) (hinh 3.8a) va ham sé khé tich P(L)= Jf(L)dL . Ham &8 P(L)
b

k¥ hiéu cho khodng thdi gian tdc dung cda tdi trong nhé hon motl dai luung

cho trude hay la tueng dng vdi xdc sudt ma khi dé tdi trong nho hon mét dai
lugng cho trude.

p L
LI ey
L, -
I S S I
o L L L L ! o [ zF,
a) b}

Hinh 3.7 Hinh dang vi phdn (a) va tich phdn (B) cia phé tdi trong phan tin
Trén thyc t& thusng hay sir dung d4 thi kha tich céa sy phan phéi
lien tuc (hinh 3.8b), khi dé tdi trong phén phdi theo truc toa d6 va theo
hodnh d¢ la ham s8 1 - P(L), tuagng dng vdi thi gian tdc dung cla tdi trong
lén hon dai lugng da cho hodc 14 xde sudtl Ldi trong Idn hon dai luong da cho.

Ly - C—
L‘ ‘I
e By
! E L L bq
B Tl
. ; : -
! ]
\ i *\L !
L ol I ~
/] | W ] 11N
A N b, | 1
¢ s N Le.]

a) by}
Hinh 3.8 Hinh dang vi phdn (a) vd tich phdn (b) cia phé tdi trong lién tuc

Trong nhiéu trudng hgp tinh todn s’ dung phéd tdi trong lién tuc
khéng duge thudn tign, cho nén d& don gidn cde ham s6 fil) va 1 - P(L) duye
thay thé bing cdc dudmng cong bdc thinh 3.8). Khi dé, ngudi ta chia khodng
thay ddi ¢6 thé ¢é cda tdi trong thanh nhidu doan bing nhau AL, Gid tri
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Cac dzi lvgng ngiu nhién...

trung binh cia tdi trong trén doan th i duge ky higdu L, Khi dé khodng théi
gian tuong d6i tdc dung cla tdi trong L, s& biing p;= (L)AL,

Phan tich théng ké tai trong tde dong 18n nhidu loai mdy khdc nhau
thi truting hep tai trong thay déi lién tuc 6 thé quy vé cdc ché do dién hinh.

Ham 86 mat dj f(I1/L,.) vA ham s6 kha tich 1-P(L/L,..) duge trinh
bay trén hinh 3.9. Cdc trudng hyp ché do tdi nang {duéng cong 1 hinh 3.9),
ch& d¢ tai nhe (duding cong 4) va dic biét nhe (dudng cong 5) ta sit dung ham
phéan phdi y, 461 vdi ché d¢ trung binh déng xdc suit (dudng cong 2) 1a ham
30 phdn phodi déu. Con trudng hep trung binh chudn (dudng cong 3} 14 ham
s0 phdn phéi chuén.

Tuong ting vdi cde cong thiic tinh todn dé bdn mai, ndu bidn A5 tai
trong thay d6i thi cdc phd tdi trong thudn tién dugc xde dinh béng cdc
moémen ban dau pg. Chi s6 k = 1, 2, 3,... ky hiéu tugng Ung vdéi bdc cua
mémen ban dau.

Mémen ban dau bdc k duge xdc dinh theo cong thic:

- D61 vdi phé tdi trong roi rac:

g =2 (Li/Loa)" pi (3.7)
- D&i vdi phé tdi trong lién tuc:
o = j'(L;L,m)"r(L;L“m yd(L/L, ) (3.8)
L, UL
)
/ N I
24 - ;1 (X1 \ \\ ? --..\\
wltZIN RS WIEINNN N
/ N RN
| \im \ b, \ -
12 / AN N A 04 SUTNNNE \
LA N 2 N ™ \'\ \
I ra ri Y \\ LY ‘\\ - \
VTR SENN
AEEPARN N \
T \Q'-
0 5z 04~ o8 o8 Ll 4 b7 o4 3 X3 N,
a) h)

Hinh 3.9 Ham mdt dé phdn phoi (a) va ham phdn phoi (b) cde phd tdi trong
tuang ng véi cde ché dé tdi dién hinh

Cdc mémen ban dau dic trung cho cdc tinh chédt chy y&u cia phd:
mémen ban ddu bdc nhit bing vdi gia tri trung binh va dic trung cho tam
nhém tdi trong cta phd; mémen thi hai - tuong dng véi db phén tdn ( phuong
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Chudng 3
sai) cua tai trong d6i voi tAm nhém; mdémen thit ba - 46 khong ddi xdng cva
phan phéi tdi trong ...

Trong tinh todn chi tiét mdy theo dé bén méi ta dua trén gid thuyst

tdng tuyén tinh cédc vét hong (chi tidt bi hong khi Z:—' =1). Khi xdc¢ dinh s6

chu k¥ dng sudt tuong duong ngudi ta s dung hé s8 chu ky tuong duong Key
=jx. Khi xde dinh tdi trong tuung dudng ngudi ta st dung hé s§ ché d¢ tdi
trong tuong duong Keq = &/, vdi bdc cia mémen ban ddu la k duge chon phu
thude vao bac eia dudng cong méi trén truc toa do o - N. Pdi vdi dng sudt
udn ti 1& thuan vdi tai trong k = my, con vdi Ung sudt tidp xdc k = m /2 (do ti
1& vdi can bdc hai cia td1 trong).

Gid tri mémen ban ddu bdc k d&i vdi phd tdi trong tuong ung vdi cde
ché& dé tdi trong dién hinh cho trong bang 3.1
Bing 3.1 Cdc ché do tai trong

Réc cia momen ban dau iy
Che da 1 2 3 3 9 12
Nang 0,772 0,616 | 0,501 0,300 0,200 0,142
Trung binh déng xac sudt .50 0,333 | 0.250 0,143 0,100 0.0769
Trung binh chuin 0,50 0.288 1 0,179 0,0651 | 0.K358 | 0,0266
Nhe 0,423 0.218 {0,127 0.0384 00164 0,00845
Bac bigét nhe 0,310 1128 | 0.0622 0.0126 000408 | 0,00169

D& linh todn theo dé bén, tai trong dudc cho trude dudi dang téi
trong ldn nhéat L. va px tuong tng. Trong khi xét d&n tinh chit nglu nhién
ciia tdi trong cd hai dai lugng d5 bén va tdi trong duye khdo sdt theo quan
diédm xde sudl.

3.2.2 Ban chi't ngiu nhién cia t4di trong

Bén chdt ngdu nhién cda tdi trong théng thudng lién quan dé&n nhidu
nhén t6. Sau ddy gidi thidu cde nhan t6 dnh hudng dén dd phan tdn cia tai
trong déi vdi mét sé may théng dung.

Miy edng nghiép: Phin tdn cdc d6i tugng sdn xudt trong gidi han cda tinh
van ning cla mdy va thong thueng cdn phdi md réng pham vi sif dung
may:

- Si dung mdy trong cdc dang sdan xudt vdi quy mé khdc nhau: nho,
vifa, trung binh, hang loat,

- Phan tdn tinh chdt cia phdi: lugng du gia céng, hinh dang chi tiét
gia cong, dd rdn.

- Phan tdn trang thdi cda dung cu cdt: gdc cdt, d6 tu ...
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- Su thay ddi ctia quy trinh céng ngha.

- 80 dung khéng dung: ting cuting ch& 46 lam vide qud gidi han cho
phép, gay dung cy cdt, cdt sdu vao phoi, lam ngusi phdi khi gia
cong may.

Midy van chuyén: Phan tdn cia ¢hé dé van hanh theo tai trong va vén tic.

- But dung mdy trong ede lanh vuc khéc nhau: s dung ed nhén, trong
x4y dyng, khai thdc mo. ldnh vue néng nghidp ...

- Phén tdn trang thdi dudng xd: béténg, nhua, dat, dudyng mién ndi,
déng bing, thai tiét, gis, sdéng ...

- Anh hudng cua tdn 58 thang va mé mdy, tay nghé cia I4i xe.

- 80 dung khéng ddng tiéu chudn: di dudng khéng bing phing,
thing gap, khi tdi cé va dap ...

Gid tri bdng s0 cia hé sd bién phan tdi trong v; =—E[—' c¢ho cde loai may
khéde nhau bing cde chuyén gia hay la cd quan nghién ciu. Hé s6 bi&n phan
trung binh nim trong khodng v, = 0,1...0,15.

Trong tinh todn 4% b&n mdi thi hé s§ bién phan cia tdi trong tuong

ung vdi hé s8 bién phan cda tdi trong tuong duong L, tde 1a ché da tdi trong
tinh tuong duong:

L= Lo Keg 4 <1, (3.9)
h[]

trong dé: Ly - tdi trong 1dn nhat cba phd tdt trong; N. - téng sd chu ky (ng

sudt thay déi trong sudt thoi gian phuc vu; Ny, - s8 chu k¥ co s6 duding cong
moi; Ko = /1, - hé sd tuong duong ché do tai trong; k - chi 56 ma (k = m,
véi m - chi 86 md dudng cong mdi néu dng sudt ti 1& thudn véi tai trong, k=
m/2 khi tinh todn Ung sudt tiép xic vi ng sudt ti 16 cdn bdc hai cua tdi
trong).

Hé s6 bién phén cda tdi trong tugng duong L nhu 14 tinh todn cia hai
dai lugng ngdu nhién dbc ldp L,,.. va K. duge xde dinh bing cin bac hai eda
téng cdc hé s§ bién phan cda tdi trong ldn nhat L, cua phd tdi trong va hé
58 bign phdn cia ché 48 tdi trong v

k] k]

VI, = o Viue Yo (3.10)
Mién phén tdn cua h# sé tuong duong cde ché ds tii trong cé thé
ddnh gid nhu la ti 8§ cia ede tdi trong tuong duong cla hai dang tdi trong
gan nhau hay la hai ch& d8 tai trong khéng ké nhau nhung gdn nhau.
Trudng hgp tinh todn thd hai 1a d6i vdi mdy van nang vi mdy céng nghiép.
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Tuong dng vdi cdc trudng hgp trén ta ¢é hé s§ bién phéin vy cda hé s§ tuong
duong ch& d¢ tai trong la 0,04:0,06 hodc 0,01+0,1. D6 véi truong hgp s6 chu
k¥ tuong duong 1dn hon s6 chu ky co 8§ Ny >N, thi mién phan tdn cia hé sé
tuong duong ch& dd tdi trong K. sé nhé hon ddng k& va c6 thé ddnh gid
hiing ti s6 cdc hé s6 tdng gidi han mdi dai han ctia hai ché dd ké nhau hodc
hai ché& d6 khdng ké nhung gin nhau. Khi dd hé s8 bi&n phan v c6 thé chon
trong giéi han 0,03+0,04 hay la 0,05-0,07.

Déc tinh cda tdi trong cde chi tigt mdy ¢6 thé duge xdc dinh bing con
dudng qui déi cdc phd tdi trong tuong ng thu duge theo kit qua do tdi trong
trén cdc b phén cong tdc hay la trén tryc cha déng co. Bp chinh xdc quy d6i
khéng phdi lie nao cing dat duge (vi do tinh khéng xdc dinh cia déng luc
hoc cdc bg truyén dén), do d6 trong cdc trudng hgp quan trong cdn phdi do
truc tiép dng sudt thuc trén cdc chi tiét khde s4t.

Bidu d6 dao dong vdi qud trinh mé t3 cla sy thay d8i tng suit theo
thoi gian duge xd 1y théng ké véi muc dich so d8 héa qud trinh. Tie 1a thay
thé qud trinh chiu tai thye t6 bing ché dé ng suat thay déi theo dudng sin
tuong duvng.

3.3 DO BEN VAT LIRU
3.3.1 Théng ké tinh chat dan hdi vat ligu

T4t cd cde kim loai va cde loai vat 1iéu k¥ thuit khdc c6 cde tinh chat
khdc nhau do sy khdc nhau nglu nhién vé thanh phdn héa hoc, nhiét luyén
va qud trinh gia cdng chi tiét. D6 bén tinh duge xdc dinh khi tai trong tdc
dung 1a khéong déi. Cdc loai thép két cdu déu duve tidu chudn theo ma sb
riéng bigt va cdc dac di€m ky thuat sau: Mddun dan hédi Young khi kéo va
khi nén (E): 2,1,10° MPa; hé s§ Poisson: u = 0,3; médun dan héi trugt: G =

E
Xl +p)

=0,385E.

Cdc ddc tinh théng ké cia co tinh vat lidu duge quan sat theo thuc
nghiém va cho trong bdng 3.2 [42].
Bdng 3.2 Cde ddc tinh co cia vat Héu déo

Cdc hé sé Gid tri Hé s& bifén phén v S8 mau thir nghiém
E tkéo) 2,078.10° MPa 0,01 67
E (néa) 2,079.10° MPa 0,01 67
1t (x0dn} 0,206 0,026 57 |
) (nén} 0,298 0,021 41 |
G 8,44312.16° MPa 0,042 81 |
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Ung sudt gidi han )a tinh ché&t chi y&u dnh huéng d&n thist k& két
cdu x4y dung va cd khi. Ngudi thi&s k& chon loai vat liéu sif dung trong thist
ké& theo gid tri gi¢i han chdy. Gii han chay cia thép phu thude vao thanh
phén héa hoc ciia cdc hgp kim va phiong phap ché tao.
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Cdc gidi han chdy, gidi han bén cia vat lidu 13 cdc dai lugng ngau

nhién. Trén hinh 3.10 v& 3.11 14 bi¢u 40 m4t 4o phan phéi gidi han bén va

gidi han chay.

Trén bang 3.3 1a két qud quan sdt dude trong sudt thoi gian khoang
40 ndm td ndm 1957 d8i vdi loai Lhép tron xdy dung ASTM A7 va A36 Lu cde
nha may luyén thép khdc nhau cua My [42],

Biing 3.3 Gii hgn chdy cac logi thép fron ctia My

Ngudin Gia tri trung | G tri 1y Ti sé Hé sd bién 356 mau
tham khdo | binh nha may | thuyét a.., ey e, phin quan sal
7" MPa MPa
Theo Julian 280 231 1,21 0,09 3,794
Theo Tail 2758 . 231 1,21 0,08 3,124
va Alpsten !

Trén bang 3.4 gidi thidu gidi han bén va chdy cia métl s6 vat liou phd

bi&n tromg thiét ke {42].

Bing 3.4 Gidgi han bén va chdy ciie ede logi vdt 1idu sit dung phd bidn

Giéi han chay 107 {MPa) Gidi han bén 107 (MPa)

{rid i Sai léch binh Gia tri Sai léch binh

Loai thép trung kinh phugng trong trung binh pliuong trung
Linh binh
Hup kim nhom 2014 44327 15,69 492 52 13,30
2024-T6 hgp kim nhém 352,56 20,05 447,49 17,66
Hop kim Tiban Ti-6A1-4V 218,9 50,66 053,38 47,14
Thép carbon C10006 251,185 5,63 339,84 3,66
Thép carbon C1035 348,282 37,7 606,5 27,58
Thép két cau dd bén cao 308,77 25,54 541,07 14,82
Thép gia 202 351,1 9,29 GBT 42 18,99
Theép gio 301 11736 65,93 1345,28 40,95
Thép duc 240,56 10,34 375,72 18,86

3.3.2 Ciac mé hinh théng ké cho d6 bén vit liéu

Ba dang mé hinh théng ké duge st dung dé mé ta do bén cua cde vat

litu khdc nhau: mo hinh vat lidu gion, mé hinh vat lidu déo va md hinh
chium sgi. Vat lidu gidn bi héng khi mét didm riéng 1é bi héng. D61 véi vat
ligu déo, bién dang bit ddu khi tai trong trén diém dat d&n kha nang chay.
Pidm ti8p tuc mang tai trong bi&n dang vi bAt of tai trong thém vao nao
duge chuyén sang cdc didm khdc trén mdt cdl. M4t cdt mang tdi trong lén
nhat khi tdt cd cdc didm déu bién dang. Trén mé hinh chim soi, héng hdc
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cia di€m c¢6 nghia la kha ndng tdi cta diém d6 khong con nia. K& tir dé tai
trong sé phan phdi lai cho cdc diém khdc. Qué trinh nay tiép tuc dén khi tat
cd cdc diém déu bi hdng.

3.4 GIOGI HAN MOI
3.4.1 Gidi thiéu

Hong hée do mdi sinh ra la do (ng sudt thay déi. Khi gid tri iing suat
thay déi 16n hon gid tri gidi han méi thi bdt ddu la hinh thanh vét nut t& vi,
sau dé cde v&t nit nay phdt trién Idn dan va xuat hién héng héec do moi.
Nhing chd bat dau hong héc do méi 1a nhitng ché ¢6 su tdp trung dng suat
cao.

Nhu ta da biét cdc chi tiét co khi va cdc cong trinh bi hong dudi tdc

dung tai trong thay dai, lap lai, dao dong va ngdu nhién, tuy nhién tng suat
16n nhat khi héng déu nhé hon gidi han bén hoic gidi han chdy cia vat liéu.

Cédc dang hdong nay duge goi la cde dang héng do méi.

a) Giai dogn hinh thanh vét nut b) Giai dogn phdt trién vét niit
Hinh 3.12 Phdt trién cdc vét héng do méi

Héng héc do méi chia lam hai giai doan: giai doan 1 dugc goi 1a giai
doan hinh thanh edc vét nut (hinh 3.12a). Giai doan thd hai duge goi 1a giai
doan phdt trién khe nit (hinh 3.12b). Néu N dugc coi 1a s6 chu ky lam viéc
cho dén ldc héng thi 60 dén 90% chu k¥ 1a nguyén nhan bdt ddu cde vét nit
va 10 dén 40% chu ky phdt trién cdc khe nit. Cdc vé&t nit do méi thong
thudng xuat hién trén bé mit cla chi tiét khi ma ung suat 1a 1én nhat. Noi
c6 khuyé&t tat vat liéu va cdc thd duge chéng dd y&u nhat. Cde vét xude bé
mat, cdc tap chat, bot khi, d6 nhdp nhé bé mat gia cong, su thay déi tist
dién ngang, géc lugn, rdnh then va cdc 16 1a céc vi tri tao nén cdc vé&t niit.
Cdc vét nit ban ddu qud nhé va rat khé khan cho viée phdt hién bing mit
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thudng hoge bing cdc phuong phap kiém tra tidu chuin. Mat khi cdc v&t it
xudt hién, tap trung Ung suidt cuc bo trén bé mat s& tdc déng dén sy phat
trién cia ching. Pén mét hic nac dé tiét dién mat cdt ngang gidm xudng
déng ké, {ing suat ting l&n va su hdng héc tie thoi xudt hién s& lam chi tiét
bi héng hoan toan.

Khi tht nghiém méi truc quay chiu udn, chi tiét dudi mémen uén
khong d8i, tng suat sinh ra thay dai theo chu ky d6i xding va chu ky nay

khéng thay 46 theo thdi gian (hinh 3.13).
Ung sust ©
\/ \
6min I

Hinh 3.13 Ung sudt thay déi theo chu ky

bmax =

Khi d6 phuong trinh dudng cong méi:
6™N = const = C
Néu ta 14y logarit hai v& phuong trinh:

milno + InN = InC

mlnc = In (EJ
N

Inc = - (InC - InN)
m

I 4

L 10% (N o inN
Hinh 3.14 Buong cong méi theo logarit

Tuong 1ing véi méi xdc suat khong hédng khdc nhau duiing cong méi
nay ciing cho cdc gid tri khdc nhau. Dudng cong méi theo logarit biéu dién
nhu trén hinh 3.14. Theo dudng cong nay chi ti€t s& khong bi hdng khi dng
suat sinh ra nim dudi dudng nim ngang, bat k& s§ chu ky lam viéc 1a bao
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nhiéu. Ung suat twong dng véi dwdng thdng ndm ngang goi 13 gidi han méi

or. Vdi cdc dit liéu thyc nghiém, dé phdn tdn clia cdc diém dir lidu thuc

nghiém ndm chung quanh dudng cong 6 - N dang quan sst (dudng cong o -N

con goi 14 biéu d6 Wohler sau khi ma k¥ su ngudi Duc August Wohler céng béd

nghién ctu v& 46 bén maéi vao ndm 1870). Cde dir liu mdi théng ké cdn thist
cho thigt ké xdc sudt duge tAp hgp thea hai hudng sau day:

1. Dudng bao dit liéu théng ké o -N ¢6 thé khai trién cho vat lidu bing cdch
vé su phin phdi cla chu ky Yam viée cho d&n lic héng theo bién dé img
suit. Theo k&t qua thuc nghiém cdc di€m phan phéi cho trén hinh 3.15.
Su phan phdi xde sudt chu k¥ 1am viée cho d&n lic héng theo mét gis tri
bién 44 umg sud't gdn v6i qui luat phan phdi logarit chudn. Ngoai ra ngui
ta con xdy dung dudng cong phan phdi cde d lidu thi nghiém méi theo
dudng cong Weibull ba tham sé:

1t Bt L1t
fit) = L e e Lot (3.12)
B-t,1e-t,

Ines "N 10% khéng héng

50% khang héng

90% khong hdng

InN
Hinh 3.15 BPudng cong méi theo logarit véi cde xde sudt héng khde nhau.

Thong thudng st dung cdc gid tri trung binh Elim va S, gida cde
dai lugng nay c6 su lién hé sau;

Giim =t0+(9—10}f{l+é} {3.13)

S _ Dlim =y 6i 0,7 10,0 3.14)

_Glim_-_-miﬁ_v1,c|3~: . .
o0

[ - ham s gamma

Tx) = Iy"'e"'dy (3.15)
1]

Né&u x la s8 nguyén:
rx) = {x-! (3.16)
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trong dé: 9, ty, p 14 cde tham s6 ham s5 Weibull.
Cdc tham s0 8, ty, B 481 véi mot s loai thép va nhém cé gid tri nhu
bing 3.5 [42].

Bdng 3.5 Cde dit Ii u d6 bén méi ti thit nghiém udn xodn

(zi61 han moai n=10* n=10% n=10%
vat liéu (T s 6 .10" L P [l L. I8 0
lib#inél 1bdim® {lfin™t
Thép AIST 1045 7Y 260 | He2 67 295 ¢ 743 567 2805 /1,60
= 105 1 : _
Mt chep dung cu 15% LhT 18AT 134 270 1887 FLTL 2.7 144
o, = 1"
AISE 0 57 A sad | a6 | a4 2185 | 640 19 0.5
@ o= 22
Nham 214 RT.ES 1.7% B4 44 44 1,636 n4.81 4174 1,522 4601
@ = BRTR IOV
Nhaw 114 4077 5,47 7018 2 M6 5,46 4,707 1,304 Ak A,042
PEES TR

2. Pudng bao dir idu théng ké o -N c¢d thé khai trién cho val liéu bing cdch
vé syt phdn phdl cla dng suat khi hdng theo 56 cde mde d6 chu ki cd
dinh. Dién hinh 1a thuc nghiém cde diédm phan phdi cho trén hinh 3.16.
(Gidi han mdi tai cdce chu ky & dinh duge phian phéi gdn vdi qui luat phdn
phdi chudn,

Trén hinh 3.16 ta ¢6 ba dudng phin phdi. Phan phdi gidi han méi theo
duding cong C st dung khi thidt k& cde chi tift co khi va két cdu xiy dung
theo ché d6 modi dai han (i¢n hon 10°% vong quay). Phan phéi tudi tho méi
thee dudng cong A ing dung khi thigt k& cde chi tiét nhu § l4n. Pudng cong
B duyc vng dung khi thiét ké chi tiét theo gigi han mdi ngdn han.

InS Budng cong A

Budng cong B

Budng cong C

InN
Hinh 3.16 Cdc duing cong mdi ing dung trong thiét ké
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3.4.2 S« dung cac phuong phip théng ké déng dang d€ xac
- dinh d#c tinh méi cvia chi tiét may

Vi thi nghiém méi cde chi tiét mdy dai héi nhidu thyi gian va gid
thanh cao cho nén ngudi ta chi tién hanh cdc miu thi nhé. Do 46 van dé
quan trong 1a tit cdc két qua thit nghiém cdc méu thd nhd nay ta tim duge
dac tinh méi cua chi tiét mdy. M6t trong nhitng phuong phdp nay la phuong
phép théng ké déng dang cde héng hdc do méi cla Seresen-Kagaev.

Cédc nhan t§ ¢6 dnh hudng den do bén méi va dd bén gion la; kich
thude chi tiét, dang tai trong va sy tdp trung dng suvdt, ranh d4 mai, goéc
lugng, ranh then.. P&i vdi cde kim loai khdc nhau thi sy anh hudng clng
khdc nhau. Pé gidi thich didu nay ngusi ta dua ra ly thuyét xde suat, dya
trén hai gid thuy&t:

- Khd ndng tai cia cdc phén tif co ban cha chi tiét dée 14p vdi nhau.

- Su hoéng cia chi 118t xuat hién khi hong hée it nhat mot phdn tir co

ban.

- Cdc gid thuydt trén dung v6i cde vét héng do méi (d&n su xudt hién
vét héng tht nhat). Do dé 1y thuyét thong ké st dung réng rii dé
bidu difn qui luat cta sy héng hée do méi. Tuy nhién gid thuyét
khéng duge théa man khi phan tich dd bén clia vat lidu déo néu
nhukhi tinh wdn xét dén bién dang déo cuc bé.

Ly thuyét déng dang pha iy méi Seresen - Kogaev

Tiéu chudn cha yéu déng dang la ti s6 i vdi L. — chu vi tiét dién
G
I do,

— la gradient cla
X

nguy hiém hay 13 phdn c6 ing suat lén nhit, G=

Ulmux
Ung suat chinh thy nhat mit cdt nay, trong d6 o, ing suit chinh thi
nhat cia diém ¢d (ng sudt 1¢n nhat theo chu vi cla tiét dién nguy hiém. Tj

50 —GE— ti 1& v6i thé tich chiu ing suat trong d¢ e6 thé sinh ra céc vét héng.

D3i vai ede chi tidt 6 tist dién ngang khi udn va khi kéo thi theo chu
vi ¢6 dng suit bdng nhau va L=nd. DSi vdi chi tiét 6 ti€t dién ngang hinh
chit nhat (rdng cda banh rang) khi udn phdng thi phan c6 tng sudt 16n nhat
(theo chifu réng vanh rang) L.=b néy quay 1 chiéu, L=2b néyu quay hai chiéu.

D81 vdi truc bac vdi cdc dudng kinh d, D va géc lugn p thi gradient
khi udn theo 1y thuyst dan hdi s& bing:

al

-~ 23 2
G="(l+yn+=, (3.17)
p d
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wmgﬁﬂmi%am,W=akm1L¢5miw= L . D=4

|
d 22 up+1 2
D6i vdi cde mau thii clia cdc ranh dang dudng hyperpol khi uén:
bl ul

6=:+§ (3.18)
P

béi vdi cdc miu thir cda cde rdnh dang dudng hyperpol khi kéo va
nén:
- 2
G==.
P
Céng thic dé xdc dinh gid tri trung binh gig¢i han modi eda chi ti&t

{3.19)

Oy va hé s8 bi€n phan vy, biéu dién dudi dang 18n nhat chi tiét duge ché
tao tif vit lidu ctia mdt mé ndu cé dang:

Sy =6, 05,0141 (3.20)
18
Vi = (3.21)
2L+ 1)
trong do: I = €. [1—ij . (3.22)
e, \BR3G

Trong cing thic trén dua vao 4 thong s&

o_,- (Gid tri trung binh clia gidgi har mdi mAu thi khi udn cé dudng kinh
7.5m,

v, - H& 88 thuyc nghiédm.

e, - H2 58 xét dén dnh hudng kich thudec.

3 - Sai léch binh phugng trung binh logarit cua dai luung (o~ u) véiu la
gid tri nhd nhat eta o),

I DR N .
88,3 - 14 ti 86 = d&i véi mau thd dutrng kinh 7,5mm:

G

L _75n
G 2
Khi tinh todn sa bé cé thé 14y: v, = 0,1; £, = 0,5 - d&i véi thép, hap
kim mau va gang; 8 = 0,045... 0,06 - 481 v6i thép; 8 = 0,05..0,06 - dai vdi

hgp kim nhdém va magie.

Céng thie {3.20) va (3.21) 1am xdp xi cde gid tri theo qui luit phén
ph&i chuén cda gidi han méi tuong ing vdi 2 difm - khi diém phan vj z,=0
(ing véi xdc sudt 50%) va z; = -2 (Ung vdi xde sudt 99,7%) vdi phén phdi
chudn logarit cda dai lugng nglu nhién o,. - u

Cong thice (3.20) va (3.21) bao ddm chinh xdc md td cde qui ludt cia
cdc v8t hdng do mdi eda chi tidt eé ede kich thude hinh hee khdc nhau va
dang tai trong dya trén viéc lua chon cde gid tri cha 4 tham s& §_|, v, £, 5.
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Ciac dai lugng ngiu nhién...

Vi du 3.3
Xde dinh gig tri trung binh va hé s§ bién phan giéi han méi cha chi
ti€t hinh try ¢6 ranh p = 0,169 mm va dutmg kinh ¢ tiét dién nguy hiém
d=15mm ch& tao tir thép 40Mn va chiu dng suit udn xoin néu gid tri trung
binh cua gidi han moéi mau thir v6i duwsng kinh d= 7.5mm la & | = B50 MPa.
Giai:
Tim chu vi tigt dign nguy hiédm:
L=nd=m15=4712 mm
= 2 2 2 2
Gradient: G=="4Z=—"_ 1 % - 1197/mm
p d 0169 15
Déng thoi ta chon: v, = 0,1; ¢, = 0,5, S = 0,047
Khi d¢ ta cé:
—v, e ) Y
- Q‘L( L L} o _L-05( 1 4702 136
£ 883G 5 L 8831197
Do dé gid tri trung binh va hé 56 bi€n phan cia gidi han méi chi tigt
xéc dinh theo céng thic:
i =T ((I+ D =0583000 4 1,36)= 1003 MPa

(|[0 J.\)I (]—]0 2.tl_fu.‘-)|,3.§_

tu

lima = = = 0‘056
21+ 1 21+ L36)
v& néu so sanh véi cac két qua thue nghiém tryc ti€p cde chi tist nay thi
B = 1000MPa V& Viiw = 0,05, ¢6 nghia 1a k&t qua thue nghiém va tinh togn gin

bing nhau,

Phuong phdp déng dang Seresen-Kagaev duge st dung réng rai khi
danh gia gidi han méi cda cdc chi tiét may bay, may cdn kim loai, cdc may
tau.. Tuy nhién st dung phuong phdp nay chua xét d&n 4nh huéng cia mot
$& nhéan 1§ dén dnh hudng d6 bén méi.

3.5 BAI TAP
3.1 Chiéu dai canh tay mdy (hinh 3.17) ¢6 gid tri:
Iy = 254+ 2,54 mm; 1, = 381 + 7,62 mm i1z = 304,8 + 5,08 mm.

Je
»S

Ea
O

ﬁ“‘*-x I3
L

Hinh 3.17
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Chuong 3

Tim xdc sudt dé diém cudi P dat dude vi tri ¢é khoang cdach 942mm tir
diém O.
3.2 Thing hop gidy cé chiéu dai 500 + 5 mm. Néu st dung hop dé chia cac
chi tiét co kich thuée 100 =~ 1,25 mm thi hay xédc dinh xdc suat dé chua 5
chi tiét trong hop.

3.3 Trén mdi ghép gita hai chi ti€t a va b (hinh 3.18) ta chén mot chét c.
Né&u nhu kich thude A vi a duge cho tugng ing 1a 30,48 + 2 Bmm va 27,94
+ 1,274mm. Xdc dinh xdc sudl cham nhau gida chi tigt A va B. Gid st
ring dung sai tuong Ung véi gid tri 38 (3 1dn sai léch binh phugng trung

binh}
1

¢} Chét C

\ ! ' | - b} Chi tigt B
a) Chi tiét A
Hinh 3.18

3.4 larc tac dung F 1én 3 day cd gid tri nhu nhau theo hinh 3.19. Néu dng
suit va 45 bén clia mdi day tuan theo phan phdi chudn v6i cdc théng s§ 5
= 200 N; S, = 50 MPa; 5, = 90 MPa; S,, = 10 MPa. Xdc dinh xdc sudt

héng cia hé théng.
AL, 2 s

Day1 Day 2 Day 3

Hinh 3.19
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CHUONG 4

HAM SO CUA CAC PAI LUQNG
NGAU NHIEN

Trong ky thuat da s& cdc hién tugng lién quan ham s§ ma trong dé
mét bién phu thudc duge bifu didn dudi dang mét hode nhidu bién déc lap.
Vi du tng suit sinh ra trong chi tiét mdy 14 ham s& cda tdi trong va tiét
dién mat cdt ngang. N&u bat ky mot bién dac ldp 14 dai luong ngdu nhién
thi bién phy thuje ciing 12 mét dai lugng ngau nhién. Trong chuong nay
chung ta khdo sdt sy phu thudc him s giita cdc dai lugng ngdu nhién.

Nghién ciu quy luat phdn phdi va tich loy cdc gid tri sé clia cdc
tham sd phdn phdi cdc bién s& trong ly thuyét dé tin cay cing nhu trong
cdc ldnh vue k¥ thudt khde don gidn hon rat nhidu so véi su quan hé ham
5. Tuy nhién, su quan hé ham sd giffa cdc tham sd la rat cdn thiét trong
viée gidi quyét cdc bai todn dp tin cdy. Su phu thude ham s8 trong ly thuyét
d6 tin cay cdn thiét dé udc lugng do tin cdy cia hé théng theo cdc tham s&
dé tin cdy cdc phén ti.

4.1 HAM SO cUA MOT BIEN 80

Mot trong cdc vi du di€n hinh cda tinh todn theo tidu chudn bén ia
xde dinh quy ludt phdn phéi dng suét tai tiét didn npguy hiém cta chi tidt
theo quy ludt phdn phéi cla tdi trong.

Gid st cho trude mat dé phan phéi fi(x) cda dai lugng ngiu nhién X
va yéu cdu xdc dinh mat dé phan phéi fi(y) cda dai luong ngdu nhién Y, ta
ham s ¢ cla dai lugng X, tie 13 y= o(x).

R6 rang ring xdc sudt roi cta dai lugng ngdu nhién Y trén phan
doan dy bang xdc suit roi trén doan dx cia dai tuong X, tifc 1a:

P (y<Y<y+dy) = P (x<X<x+dx) 4.1)

Hoic 1a:
fu(y)dy = f,(x)dx (4.2)
Khi d6 mat d¢ phédn phéi dai lugng ngdu nhién Y nhan céc gid tri
duong, duge xdce dinh theo cdng thic:

f(y) = £x) ﬂ%ﬂ (4.3)

dx .
ekl B
dy 1Twi{y)]

trong d6: w(y} - him nguge cila ham s6 e{x) cho tride.



Chugng 4
Ta khdc sdt ham s& tuyén tinh v = a + bx vdi a va b 14 cdc hidng s
cho trudc.

O=a) oy dac ham cda chiing dx l Khi dd
dy b

ham s6 cdn tim 14 ham mAat dé phan phdi dai lugng ngiu nhién Y duge xdce

dinh then bidu thc:

| . —-a
fuly) = ;tl[yb ]

Trong trudng hop phédn phéi chuan dai luong ngdu nhién X, mat da
phéan phéi fitx} bing:

Ta tim ham ngugc x =

1 247
S, v2n

treng dé: m, va 8, - cde tham s& phan phéi.

f1(X] =

Mit d6 phan phdi dai lugng ngdu nhién Y:
Ly o o

1 Hhs,
foy)= ———c "%

bS, V21

Bidu thifc cudi ciing chiing td réng dai lugng ngdu nbién Y dusc

phén phéi theo quy lugt chudn vdi cdc tham s6 m, va S
. m,=a+bm, vd 85, =bh,

Vi du 4.1

Ung sudt ti&p xie oy trén bé mat tidp xdc cap bdnh rang ti 18 vdi
cin bdc hai cua momen xodn T, nghia 14 o, = bT vdi b la he s8 ti 16. Xde
dinh mit 46 phan phdi (ng suit ti€p xdc, néu mdémen xodn la mot dai
lugng ngau nhién phan phdi theo quy luit chudn vdi cde tham s6 mp va Sq.
Giai:

M4t d§ phan phéi mémen xodn nhu 1a mét dai lugng ngiu nhién,
phan phdi theo quy luat chuan dugc xdc dinh theo bidu thic:

CF-mr

1 "
f(T) = e Y
Syv2r
Ta tim ham sé nguge vdi o = b JT:
2 il
T = 9-&'- suy ra dT = -“d_c:-‘i
< h*

Khi d6 mat d6 phan phéi dng sudt ti€p xuc:
.
frgy 2y

dT

26y ’ -Jhls.-‘l
dﬂ'H

=——°
b2St2n

filoy) = 1, %
h?
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Him s& dai lvgng ...

Nhu th&, phin phdi dng sudt ti€p xiic khdc vdéi quy luat phan phdi
chudn, mac dit phdn phéi tdi trong 14 phan phdai chudn.

4.2 HAM SO PHU THUOC VAO NHILU BIEN SO
4.2.1 Phy thuéc tuyén tinh

Phuong phdp phdn tich truc Liép bing con dudmg 14y tich phin dé
xdc dinh truc ti€p (theo cdc su phu thude tong qudt cia 1y thuyét xdc sudt)
mét dé phin phéi theo ham méit d6 phan phéi theo cdc bién s6. Tuy nhién,
két qud cudi cung cé thé nhin duge chi trong vai truing hop riéng 18,

Ta khido sdt trudng hgp don gidn nhdt - két hgp hai guy luat phan
phéi, tic la quy ludt phdn phdi téng Z cha cde dai lugng ngdu nhién dsc lap
X va Y khi da biét mat dé phan phdi cia ching la f,(x) va f.{y},

Z=X+¥
a7y = jt‘[{x)fg(z—x)dx {4.4)
Hoje: gz = j!‘]{z—y 50y Wy (4.5)

Két hgp cdc phian phdi chudn 1a mét quy luat phan phai chudn.
Phan phdi tdng cac dai lugng ngiu nhién déc lap

Néuu=x +y + zla td hgp cdc phan phdi, khi cde dai lugng thanh
phin X, Y, Z duge phéan phdi chuin, thi U ciing 14 modt phdn phéi chudn.

K¥ vong todn v phueng sai cla dai lugng ngdu nhién U:

.mu =my + M, +m, (4.6}

Sy =Si+8,+S] 4.7)
trong dé: m,, my, m, - k¥ vong todn cdc dai lugng ngiu nhién X, Y, Z; S7,
8;, 87 - phuong sai cua cdc gid tri nay.

Thiét 1ap quy luat phan phdi cia ham sd cé thé bing cdc phuong
phép théng thudng cia théng ké todn theo cde gid tri s6 riéng 1& cla ham
s0, duge tinh khi gia tri cila cde bién sd tir ddy s6 ngdu nhién, vi du theo
phuong phap Monte-Carlo (chuong 6).

Vi dy 4.2

Tim ham mat d6 xdc sudt cda tdng hai dai lugng nhAu nhién doc
lap phéan phdi chudn z = x+y vdi x, y 14 cdc dai lugng ngdu nhién phéan phéi
theo quy luat chuin.
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Chuang 4
Giai:

Gid st X va Y 12 cde dai lugng ngAu nhién phan phéi chudn, khi d6

{x—m_]

1 s

fi(xy= e ®
g VI

_y-my

1 283

biy)= e -
s

Thay thé hai ham phén phéi trén vao cong thic (4.5} ta cd

_1[& y m‘tﬂ-_m_w?}

1 2 52 bl
i(z) = fe = vy
@ 5,5y 2n ¥

Biéu thic trén cé thé viét lai ¢ dang sau

Hemmot m Sy Lo )y m\|
. 1 ) TR TR st s Jsf st
fiz)= e ! J.c :
$8.2

xtly

Né&u ta dat:

A : m, z-m,
va Cy=|—-+ >
S, 5y

Khi d6 biéu thde dudi diu tich phan aia céng thie (vd2-1) ¢6 thé
viét dudi dang sau:

Bl

bl ']*4* sl (3]

Jdy (vd2-2)
Binh bi€n ngdu nhién mdi w:
wW=y— S
c

Biéu thdc dudi ddu tich phdn (vd2-2) ¢é dang

:_i “ W [L‘J Tt
e[] je 2 dw= 2Rl bgiwi Ie 27 dw= /2—“ (vd2-3)
—m “ - o

Tl cong thie (vd2-1) va (vd2-3) ta suy ra

548

LY

|{(; m ) "‘,lj| — L{m S‘ +(z m, )8 } { SES?
2 s? 52 2n8 Sy
f(z)= L e Y

’ ‘.:J d2-4
SxSy21 (q2+q2 (vdz-4)
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Sau cdc phép don gidn ta thu duge:

l";_““\ﬂ“\‘}"‘

] 2 VH S'\‘+Ss]

f(_z}=fe t (Vd2‘5)
J2m(s 487
Tir phuong trinh nay ta suy ra z la bi&n ngiu nhién phan phéi theo
qui ludt chudn vdi
m, = m, + I,
8 =8, +8,
Vi du 4.3

Kha nang tdi S cia chi tiét may va tai trong tdc dung L duge phan
phéi theo quy luat chuin. Xdc dinh quy ludt phan phdi ham 6 Z = S - L.
Tinh xdc sudt P (Z>0) duge goi la xdc sudt khéng héng hodc xdc suit lam
vide khéng héng néu nhu gid tri trung binh (ky vong todn) cia khd nang
tai va tdi trong tuong ung sé bing mg=3.10" N, m¢ =1,6.10°N; sai 1éch binh
phuang trung binh S va L tuong dng sé biing Sg= 0,5.10°N va Sy =0,3.10°N.
Giai:

Phan phéi ciia hiéu Z duge mé td biAng cdc quy luat chudn vdi cdc
tham sé&:

my = mg - my, = 3.10° - 1,6.10" = 1,4.10°N

8, = JSS +Sf = J(u,s.m-‘)h(0.3.|0“)3 =0.583.10°N
Mat do phan phdi ctia hidu Z.
_zmma
_ 1o 3
Sy
Ham phan phéi:

2
F(z) = It(z)dz =Fy(z))

trong d6: Fy(z;) - him phéin phéi chudn tra bdng (khi z; = -2,4 thi Fyg(-2,4} =
0,0082); z; - didm phan vi phan phdi chuin chuin hda.
Diém phéan vi:

z-m,
21 =
1 SZ
3
Khi z = 0 thy diém phan viz,=- T2=- 230 .54
S; 058310

Trong khi tinh P(Z < z) = F(z) ta thu duge.
P(Z < 0) = F(-2,4) = 0,0082
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Chufang 4
Suy ra xdc sudt lam viéc khéng héng (tra phy lyc 1).
PiZ>0)=1-PlZ<0)=1-00082=09918

Vi du 4.4

Thi gian lam viéc cho d&n lie hdng t 14 ham s& cla Ung suat a va
duge bidu dién bdng su phu thude ( phugng trinh dudng cong theo quan diém
xdc sudt)

lgt = blge + US,, + A

trong dé: b, 8, A - cdc hing s8 duge xdc dinh theo két qua thit nghidm moi;
U - dai lugng nglu nhién chuédn héa, phéan phdi theo quy ludt chudn véi m,
=0 va 5, =1.

Xdc dinh mat 46 phan phéi thdi gian Jam viée cho dén Lic hdong néu
logarit vng sudt lgs 1a dai lugng ngdu nhién, phan phdi theo quy luat chudn
voi cdc tham sd my, va 5.

Giai:

Logarit th#i gian {am viée cho dén lic héng 1A ham tuyén tinh coa
hai dai lugng ngdu nhién cda cdc dai lugng phan phéi chudn lge va U )a
phdn phdi chudn vdi cde tham s&:

My, = bmy, + mS, + A = bmy,, + A

va Sio = Sy + 8387 = JbSL, 4 S
Mat do phdan phdi chudn logarit thai gian lam viée che dén luc
hong:
gm0
fi{lgt) = |_ o S

Sv2n

M4t d6 phan phéi thdi gian Iam viéc cho dén lic hong:

tlet-mi .

04343 B

1S V21

4.2.2 Phu thuéc phi tuyén
Trong thue t&, cde dai lugng nglu nhién S va L lai phu thuge phi

flt) =

tuy&n vio nhidu y&u t& khdc nhau nén dé€ xdc dinh gid tri trung binh va sai
léch binh phugng trung binh ta st dung nhidu phuong phap. Vi dy mé
phdng Monte Carlo (chuang 6), phén tich chudi Taylor (chueng 5}, .., cde dai
lugng nglu nhién S va [, phu thude vao nhiéu bién s z = g(X,, X, ., X,) ta
st dung xdp xi bac nh&t hodc bic hai cia ddy Taylor dé& xdc dinh gid tri
trung binh m, va sai 18ch binh phuong trung binh 8,? clia ham khd vi z =
g{Xy, X;,... X, cia cdc bién nglu nhign dée X,, Xs..., X,. Néu ham g(X,, Xs...,
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Ham s6 dai lrgng
X,) xdp xi bac nhat trén mién nao dé trong pham vi vai sai léch binh
phudgng trung binh vdi gid tri trung binh (m,,, m.,, ., m,,) cda (X, X...., X,),
sau dd xdp xi bdc nhat s& dude ude lugng théa. P& ude lugng chinh xdc hon
ta ¢t thé s dung xdp xi bac 2.
XAp xi bac nhat

Gid tri trung binh:

n, = glmyy , My, .., My, ? (4.8)
Phudng sai
- S ; 3 |— I : s :
8= [ o PI J  IS B (4.9}
. !_(-‘X! n N ! F‘X: ne o _{'3,'“ m "

XAp xi bac haij
(Gi4 iri trung binh:

r Lo A1
m,=g(my, My ,My, )+ _I‘alh c g} s?, +{ i gf S35, 4 +{ - E} 82 (4.10
= l : m
Phuong sai:

S‘

I—r"u - e T » ooy : \i
ot Su+ /=1 5L, '---‘i—“L} 5%, |l (4.11)
| B 1—i : n

]

[I’ T ' P . ’

S

trong do: X, X,,.., X“ - ¢dc dal lugng ngdu nhign dée lap: m, |, me,.., m,, -
cite ky vong todn cun ching: 8y, Sy, ..., Sy, - cde phudng sai clia chiang. Chi

- . N X . N N s . . . PP
50 my, tal dao ham [“—] et nghia la npudi ta xde dinh gid tri 36 cuia
\r‘. i m

ching v X; = m
Khi d6 ti sd:

m, _gim,.m.,...m

f}o—t =Sl L (4.12)

duge goi la chi 86 d6 tin edy theo gid tri trung binh mémen thit hai béc
nhdt:
- Biie nhdt vi ta st dung khai trign chudi Taylor bac nhat
- Mémen tinr hiai vi ta st dung chi ¢6 gid tri trung binh va phucng sai
- Gid trf trung binh 1a do ta khai trién chudi Taylor chung quanh gid
{ri trung binh.



Chudng 4
Néu cdc k¥ vong todn cia cdc bidn s6 khong tring vdi cdc gid tni
danb nghia cha ching, duge chi ra trong cdc tai liéu ky thuit, thi cdc tham
s0 phian phdi cia ham sd cé thé xdc dinh qua cdc gid tri danh nghia cia
ham sd y.. cdc bién 58 x|, Xz, -..-Xuq VA cde gid tri dao ham riéng cia ham
86 vdi cdc gia tri danh nghia cua bién s6.

Khi dé:
Y )
m_\_:y“-rz:[;xJ Suix, —m) (4.13)
b f“Y : 2
S = S? (4.14)
I
Vidu4.5

Use lugng biing phuong phédp tuyén tinh héa cdc dic tinh s cia hé
80 an toan dd bén n, bing ti s6 kha nidng tdi 8 va tdi trong tde dung L. Cdc
gid tri trung binh 8 va L tuong dng bing mg = 4.10° N va my = 2.10° N, hé
56 bién phdn vy = 0,12 va v, = 0,15,

Giai:
Gid tri trung binh (k¥ vong todn) cda hé s6 an toan d9 bén dugc goi
14 hé s8 an toan theo tdi trong trung binh

mg 410"

“m, 2.10°

Sai léch birnh phuong trung binh c¢da ham sé n = %:

P E H 12
S“ = [E’.‘.[l] gs.;.[i}l} SIE = S: + S!m"
a5 . L o, my mi
y . e . Sg St N
Néu thay gid tri hé 86 hién phén vg=—- vA v =—= thi ta nhan
rns mL

dugc biéu thifc 481 véi sai léch binh phuong trung binh cda hé sd an toan:

S, = ﬁJvﬁ +vE =240122 40,152 —0384

4.3 PHAN TIiCH TUONG QUAN TRONG CAC PHU
THUQC PO TIN CAY

Vi by thuy&t xdc sudt dua trén cde dai lugng nglu nhién che nén
trong ly thuy&t nay ngudi ta s dung cdc phu thude xdc suit ngiu nhién
thay cho cdc phu thude ham sé,
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Ham si dai higng, ...

Hai dai lugng ngdu nhién, nhy da bi&t 1a déc lap vdi nhau, néu nhu
méi quy luat phan phéi clia dai lugng nay khéng phu thude vac gid tri cda
dai lugng ngdu nhién khdc. Cdc dai lugng nglu nhién nay cé thé la gigi
han méi vat lidu chi ti€t va hé s& tap trung dng svat 17 thuyét tai tist dign
nguy hi€m cta chi tiét.

Cde dai luong duge goi 13 phuy thude ham sé néu nhu ta bigt duge
gid tri cia mdt dai lugng thi suy ra mét gid tri cu thé d4 bidt cia dai luong
kia. Vi du cho sy phu thude nay 14 dng suvdt va bién dang trong céc chi tidt
bi&n dang dan héi.

Cudi cing, cdc dai lugng goi 1a quan hé theo sy phu thuée xdc
sudt hodc ngdu nhién néu nhu theo gid tri da bist cta mét dai lugng
khong tuong dng vdi mot gid tri cu th& ma tuong tng véi quy luit phan
phéi cta dai lugng khie.

Cdc sy phy thujc xde suat khéng chi phu thude vao cdc yéu td téng
qudt ma con vao cde ydu L6 ngdu nhién khdc nhau. Cde sy phu thude xac
sudit ddc trung bdi xu hudng thay ddi cia mét dai lugng ngdu nhién trong
sy phu thude vio su thay d8i cia dai lugng khde. Chung c¢é thé chat che
nhiéu hon hode it han trong gidi han khing ¢6 sy phu thuée va cé su phu
thude ham s8. Thi du dién hinh clia m&i quan hé xde sudt ¢6 thé 1a su phu
thude gitta khdi lugng va chidu cao con ngudi.

Trong k¥ thudt cdc mdi quan hé xdc suit rat phd bién (vi du lién hé
gitta cde dde tinh vt lidu va gida cde tham s6 cum mdy riéng biét).

Nghién ciu su phu thudc xde sudt gidta cde dai lugng ngdu nhién la
dsi tugng cda phan tich tuong quan.

Thong tin ddy dil vé sy lién hé xdc sudt cda hai dai lugng ngdu
nhién 14 mat dé phin phéi chung fix, y) hodc mat 44 phan phdi (cd didu
kién) fix/y), fly/x} tic 14 mat dé phan phdi cdc dai lugng ngdu nhién X va Y
khi cho trudc cdc gid tri cu thé x va y tuong iing.

Mat d& chung va mat dé phédn phdi cd diéu kién lién hé bdi cdc bidu
thic dudi day:

fix,y) = r[i] _[r(x.y)dy (4,15)
X —r

fix,y) = i‘(i] jf(x,y)nlx (4.16)
Yirs,

D61 vdi cdc dai lugng ngdu nhién déc lap mat d6 phan phdi chung
f{x,y) bing tich cdc mat 46 phan phdi cdc dai lugng ngdu nhign X va Y:
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fix,y) = f(x)f(y) (4.17)
Cdc dac tinh chi y&u cia cdce sy phu thude xdc suat 14 covarian va
hé &6 tuong quan.

Covarian: Covarian cia hai dai lugng ngdu nhién X va Y xdc dinh theo cde
cong thic sau:

béi vdi cde dai luong ngdu nhién rai rac:

coviX, Y= ZZ{xl—m‘)(yi—m_\. i {4.18)
1 ]
Béi vdi trudng hop lién tuc:
cov(X, Y) = -{ j:x—m, ny - m, dxdy {419
trong dé: m, vad m, - k¥ vong tedn cua cde dai lugng ngdu nhién X va Y; p;; -
xdc sult ¢é gid tri riéng 18 x, va y;.

Covarian dac trung ddng thii sy lién quan gita cde dai lugng ngéu
nhién va d6 phan tdn cda ching. Theo thi nguyén ching tuong ung vdi
phuong sai cde dai lvgng ngdu nhién doc 1dp.

Néu cdc dai lugng nglu nhién 1a dgc l14p thi covarian bing khéng
bdi vi ching ¢d thé bidu didn nhu 14 tich edc mdémen trung tim cla cde dai
lugng X va Y, ma cde dai luong nay cé gid tri bing 0.

Néu mdt trong cde dai luong ngdu nhién ¢6 d6 phan tdn nhé thi
covarian s& nhdé mie ddu c6é su quan hé chit ché gita cde dai luong ngdu
nhién che nén dé rit ra cde dic tinh quan hé gida cédc dai luong ngdu nhién
ta chuyén sang hé s6 tuong quan:

p{X, Y) = coviX, Y) (4.20)

trong dé: 8, va §, - sai léch binh phuong trung binh cdc dai lugng ngdu
nhién X va Y.

H#¢ s6 tudng quan ddc trung cho midc 44 chat ché su phu thude va c6
thé thay d8i trong mién gidi han 1< p < 1. Gid tri p = 1 va p = -1 tuong
dng su phu thuge ham s8, gid tri p = 0 tuong ng sy khdng tuong quan céc
dai lugng ngdu nhién. B vdi cdc dai lugng ngdu nhién doc lap ta cé p = 0.
Tuy nhién p = 0 khéng thé ké&t Wan ching doc lap.

Ta khdo sdt su tuong quan gida cdc dai lugng ngAu nhién cing nhu
giita cdc sy kién va tuong quan tdp hgp. Pac trung cia méi quan hé gida
nhiéu sy ki¢én va dai lugng ngiu nhién.

Bang cdch phan tich tugng ty su lién hé xdc sudt ngudi ta xdc dinh
k¥ vong todn cd didu kién cdc dai lugng ngdu nhién My, M, tifc la ky vong
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todn cdce dai lugng ngdu nhién Y va X tuong tng vdi cdc gid tri cu the x va
¥ cho trude,

Su phu thude ky vong todn ¢é didu kién m,, vao x goi 14 phép héi
quy Y theo X. 8y phu thude my. vao v tuong Ung duge goi 12 phép hdi quy X
theo Y.

D481 véi cde dai luong ngdu nhién phan phéi chudn Y va X, phuong
trink hdi quy cé dang:

5
Myy = M, + p—-ix-m,) (4.21)

Bdi vdi phép héi quy X theo Y:
My = M, + p:—‘(y-— m, ) (4.22)
y
trong d6: p - hé 86 tuong quan; m,, m, va S,, S, - k¥ vong todn va sai léch
binh phuong trung binh cde dai lugng ngdu nhién tuong ting.

Linh vue gng dung quan trong phén tich tuong quan trong cdc bai
todn do tin cdy 1a x& ly va ting két cdc két qua quan sdt khi 1am viée (van
hanh).

Két qud quan sdt cdc dai lugng ngdu nhién Y va X duge biéu dién
béng cdc cdp gid tri yi, x; cia ldn quan sdt thy i, trong d6 i=1, 2, ..., n, véi n
la s& cde quan sét.

Ude lugng r cla hé s3 tudng quan p xde dinh theo cong thifc:
LR SO~ Ry)

(n—1)s,s,

r

(4.23)

trong dé: p,, p,- tuong Ung ude lugng ky vong todn m,, m,, tic la gid tri

trung binh tif n quan sdt: p, :lei Ky =l2y]-; 8y, 8y - tugdng dng udc
n n

lugng cdc sai léch binh phuong trung binh 8, va S,:

se= - 1_ 1 X )’ (4.24)

1 2
\/n = Dtyi-ny) (4.25)

Bat udc lugng cdc ky vong todn cé diéu kién my, , m,, tuong img 1A
Hy va puy, phuong trinh héi quy thue aghiém Y theo X va X theo Y duoe

8y

viét dudi dang sau:
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5

Y:py+r—y{x—u,¢) (4.26).
S)&
5

X=n, +r;‘—(y—uy1 (4.27)
Y

Tuy nhién chi ¢é mét trong hai phuong trinh héi quy ké trén cé ¥

nghia thue té.
Nhéin xét rang khi hé s& tuong quan r = 1 cdc phuong trinh héi quy

la déng nhat.

4.4 BAI TAP
4.1 Hiéu sudt w clia bd truyén vit me — dai 6¢c (ren hinh thang cin) duge xdc
dinh béi eéng thic:
A
Ly + )

trong dé: y - géc ndng cua ren; p'=arctgf'= arc[g( J- goc ma sdt vdi {

cosp
- hé & ma sdt va [} - nia gdc dinh ren.

N&u v, B va f 14 cdc dai lugng ngau nhién véi gid tri trung binh va
hé s& bign phdn: B = 30% y=10"f =0lv, = 0,05vy =005 v, =0J. Xdc

dinh gid tri trung binh va sai léch binh phuong trung binh cia 7.

4.2 Chidu dai dai 1 cia bd truyén dai det (hinh 4.1) xdc dinh theo cdng thic.

I=2a+fdd|+d1)+(d:_d|y
2 4a

trong dé: a - khodng cdch truc; d,, ds - dudng kinh bénh dén va bi dan.

Né&u a, di, d, 1a cde dai lugng ngdu nhién vdi d; = 100 mm, d2» =
200 mm; S4 = 1 mm; 8§ = 2,5 mm; a = 1000mm S, = 50mm. Xdc dinh
gid tri trung binh v sai léch binh phuong trung binh cla chidu dai dai.

Hinh 4.1
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4.3 Ung suat tiép xic lén nhat gita hai hinh tru bing thép dudi tdc dung
cua lue F duge xde dinh bdi:

. irr__ﬁ:(dt +d )

'Rl —ul)d,(h
trong dé: E - modun dan hdi; 1 - chidu dai tigp xae doe truc.
Néu (F.S ) = (10000, 2000)N:(L.S,) = (0,2, 0,002)m; (E.S, } = (2,06,
LO3)10'MPa; (.S, )= (0.3, 0,015 (d,.S, )= (0.1; 0,01im va (d..S, )=
(0.25: 0,025 m. Xde dinh gid tri trung binh vi sai léch binh phuwmg

trung binh cia ung suAt tiép xuc.

4.4 Hai thanh cd chifu dai X; va X, dugc ndi nhu hinh 4.2. Néu X, va X,
phin phdi déu trong khodng tuong Ung (0,2) va (0,3). Xdc dinh ham
phan phdi xdc sudt cia tdéng chiéu dai X, + X..

Tim xdc sudt dé téng X, + X, = 3,5.

%

e
ol
7

4.5 Lue qudn tinh F trén déng co piston (hinh 4.3) dugc xdc dinh theo céng
thiic:

Hind 4.2

r-m-

: 2
F=mon coson +m Los 2em

trong dé: m- khéi luong pisten; r — chidu dai tay quay; 1- chidu dai thanh

truyén; w- van tée géc cua tay quay va t 1a thai gian.

Tay quay

Piston

Thanh truyén

Hinh 4.3
Tim gid tri trung binh va sai léch binh phuong trung binh cta F khi
t = 0,003333 s. Biét rang cdc m, r, w va | 13 cde dai luong ngdu nhién

81



-

Chuang 4
ddc lap véi gid tri trung binh va hé s8 bién phén cé cdc gid tri saw
m = bkg, v, =007 =75em; v, =0,051=30cm; vy =005 0 =1300vg/ ph; v, = 0,10,
4.6 Bénh rang duge 1dp vao truc véi méi ghép 6 d9 dbi nhu hinh 4.4, N&u

nhu duémg kinh true d = N(50,254, 0,127) mm va dudng kinh 16 D =
Ni(49,53, 0,127) mm. X4c dinh ham mat 4% phan phéi cia méi J4p c6 dd
dai gitta hai chi tiét.

Tryc T - ) Banh rang

T ——— |}, O
I8 , ;
L W )
;_ - 3y 1 _ 4 - 1 DI
H =
. 1 l
\_ //

v

e
Hinh 4.4
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CHUONG 5

THIET KE VA PHAN TICH THEO PO
TIN CAY BANG CAC PHUONG PHAP
PHAN TiCH XAP Xi

5.1 GIOI THIEU

Trong phuang phdp thiét ké& truyén théng, con goi 14 thidt ké den
dinh, ta thift k& cdc chi tiét mdy theo cdc chi tiéu v& kha nang lam viéc, d6
an toan cua chi tiét co khi hodc két cau 12 hé sd an toan. Tuy nhién trong
thyc t€ cdc dai lugng thi€t k& 1a cdc dai lugng ngiu nhién, sy thay déi ngdu
nhién la do ba nguyén nhéan chinh: sy thay déi cde thdong sd (sy gia cong
khéng chinh xdc, tdi trong ngoai thay d8i ngdu nhién, c¢ tinh vat lidu ), sai
s6 mé hinh tinh todn (vi du cong thic xde dinh img sudt thu dugc theo
nhié¢u gid thuyét khdc nhau.), sai s8 do phuong phdp tinh (sai s& gilta
phuong phép s8 va phuong phdp gidi tich.). Trong thiét k& cdc hé théng
phitc tap sy thay déi nhé cdc théng s6 ddu vio 1a nguyén nhan din dén mat
mdt chdt lugng hodc khong ddm bdo dp tin cay, an toan {gdy nén cdc sy
kién hdéng hdc nghiém trong) cho sdn phdm.

Mot cdch don gidn ching ta ¢ thé chia cdec phuong phdp phén tich
theo d¢ tin cdy ra ]1a 2 nhém: phén tich d% tin ciy theo todn hoc va phan
tich 46 tin cdy theo vat 1y. Phén tich 44 tin cay theo todn hoc thi dd tin cay
cva mdt hé théng hay mét thanh phdn s& duge xde dinh biing cdch thy
nghiém. Hé théng va cdc thanh phin dic bist thong thudng s& duge thir
nghigm d&n hong hée. Thoi gian hdng héc, loai héng hdc va thai gian s(a
chita duge luu lai. Céc thong tin vé théi gian dimg sit dung théng thudng
cing s& duge luu lai va dua vao cd 8¢ dir lidu. Sau d6 qua trinh phan tich
thong ké s& dugc sif dung d€ xdc dinh d4 tin cdy cila hé théng, ude lugng rui
ro va ndng cac df tin cdy. “Kiém nghiém” va “th” 1A céng cu viéc phdn tich
dd tin cdy theo todn hoc va né dd duge dng dung trong cdce linh vye ki thudt
hién hanh trong nhidu nam qua.

Thyc t& thi thigt k& ky thuat 44 ¢6 nhimg budc phét trign ddng ké va
chiing ta da c6 mot phuong phdp thist k& mdi tiSn bo hon dé 14 phuong
phdp thiét k& theo d¢ tin cdy trén co s vat Iy vai sy h trg béi cde phuong
phdp mé phéng va tdng hop hién dai. Theo phuong phdp nay d5 tin cay c6
thé dugc tinh todn théng qua cdc cong thdc vat ly va quéd trinh mé phéng



Chuong 5
bing mdy tinh d& xdc dinh trang thai héng héc. Vi du ¢ hinh 5.1 la hinh
anh ctia 6td, qua trinh mé phdng thong qua cdc mé hinh phan ti hiu han
tuyén tinh hay phi tuyén sé dugc tao ra dé udc dodn cdc hanh vi (bao gom
ca cde truong hop héng hée va tai nan) va do tin cay cé thé duge tinh todn
mét cdch chinh xdc dua trén cdec mé hinh mé phong.

Hinh 5.1 M6 hinh tinh todn phuong phdp phdn tit hitu han

Chi ¥ ring cdc dic tinh xdc sudt duge néu ra ¢ day khong phai lic
nao ciing giong nhau déi vdi tat ca cdc bai todn phan tich do tin cdy. Phu
thuéc vao cdc tng dung khdc nhau cdc dic tinh xdc suat khac nhau sé duge

su dung.
Xi T

Mién héng héc g(X)<0

Ham trang thdi gidi han g(X)=0

Mién an toan g(X)>0

= X
Hinh 5.2 Khdi niém ham trang thdi giéi han

Trong mot s6 trudng hgp ching ta khong thé cé cac thong tin vé ham
phan phéi ctia cdc bién ddu vao ma chi biét cdc cdc gid tri momen (vi du
nhu: gid tri trung binh, sai léch chudn..). Khi dé bai todn phan tich d6 tin
cay: tim kiém cdc gid tri momen cdc bign ddp dng (bién dau ra) Y = g(X,
X,, ... X,) khi chiing ta da biét trugc gid tri mémen cda cdc bién dau vao X =
(X, Xo .., X,
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Ham trang thdi gidi ban Y = g(X) la mét ham biéu dién mbdi quan hé
gitta ddc tinh Y va cdc bi€n ngAu nhién ddu vao X. Khi gid tri cia ham
trang thdi gidi han vugt qud mét ngudng nado d6 thi trang thdi cda thiét bi
sé thay doi ti trang thdi an toan sang trang th4i hu héng, Néu chidng ta lay
mitc 0 nhu la ngudng cha ham trang thdi thi ham Y = g(X) = 0 s& chia
khéng gian cia bién thist ké ra lam hai ving: ving an toan va ving héng
hde. Vi I do trén nén ham dic tinh Y = g(X) con duge coi 14 ham trang
thdi gidi han trong qud trinh phan tich va thigt k& theo do tin cdy. Ilinh
5.2 chi ra ham trang thdi gidi han d41 vdi cdc bai todn 2 chiéu.

Vi du, néu ham trang thdi gidi han Y = g(X) = 8 — L vdi S va L tuong
ing 14 do bén va \ng sudt thi ta c6 Y = g(X) = 8 — L = 0 1a ham trang thai
gidi han va vimg Y = g(X) = 5 — L > 0 duge gei 1a ving an toan, con ving Y
=gXy =8 - [, < 0 duge goi la vang khdng an toan.

4
Sty

\

\ v

Xdcsudthang F Xic vudt Khong héng

Hinlr 5.3 Khdi niém dé tin ey
Trong tinh todn theo dd tin cdy trén co s& vat 1y, céng thife xde dinh
dd tin cdy duge trinh bay nhu sau:
R =P(giX) > 0) {5.1)
Xdc suat héng la:
F=1-R=PgX)<0) {5.2)
Nhu ta d4 néu ham trang thdi gidi han 14 Y = gtX) = S - L va d6 tin
cay la:
R=PgX)>0=PS-L>0 {5.3)

dé chinh la xdc suéit cla 1ing suat gidi han 16n hon (ng sudt tinh todn thuc
L&,
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5.2 TONG QUAN QUA TRINH PHAN TIiCH PO TIN CAY
Muc dich cha viée phan tich dé tin cdy la dé tim ra dic tinh xéc sudt
clia ham trang thai gidi han Y = g(X) duge cho béi phdn phoi cta cdc bign
ngiu nhién X. K& tiép néu khéng yéu cdu thi ching ta xem tit ¢d cdc bién
thigt k&€ 13 dae 18p tuyén tinh.

Ham phéan phdi tich 1ty duge xde dinh theo cong thife:
F.(y) =P gX) <y) (5.4)
Tir cong thie (5.1) ta ¢6 xdc sudt hong héc 1a gia tri cda ham phén
phéi tich lay tai gid tri y=0.
F = Pig(X) « 0} = F(0) (5.3)

Theo 1y thuyét thi ching ta cd thé tinh tedn gid trj cda ham F(y)
theo céng thie sau:

F_‘.(y)=J‘,._ J}x,_x_‘___x"(-"h’“ ,,,,, X, Jdx dxa,.dxg (5.6)
Xy

Ham dugi dau tich phan fyq,xs,.%, 12 ham hop cia ham mét ¢6 phan
phéi clia bién X va dugce cho bdi cong thie:

X, %, X, =n1‘xl(xi1 (5.7}
1-1

v fy; 1& ham mét 4§ phén phéi cda bién X,

N&u gid tri cia hdm phéan phsi tich liy ¥ = g(X) la lién tue thi dua
vao ham phan phdi tich liy niy ching ta sé d& dang xac dinh duge cdc dac
tinh xdc xudt cia ham nay.

Trong thuc t& thi vigc ude lugng cong thic tich phan (5.6) gap rat
nhiéu khé khan. Vi thudng thi cdc ham trang thdi giéi han Y = g(X} 1a cac
ham phi tuyén cia bién X, do vdy diéu kién bién cda tich phan ecing phi
tuyén. Vi 58 bién ngiu nhién trong cic iing dung thuc t& thudng 16n, cho
nén phdi st dung tich phan nhiéu 16p. Khi dé vide tinh tedn truc tiép gia
tri cua ham trang thdi gidi han tif cde cdng thice tich phan trén gap nhiédu
kho khan va doi héi mét nhiéu thai gian. Tuy thude vao mie d6 phiic tap,
ching ta rat hiém khi tim thay gidi phap téng thé ¢6 thé si dung dé tinn
todn cde cong thdc trén & cde trudng hgp khdc nhau. Vi viée s dung cde
cong cu tich phan s d€ gidi quyét cdc van dé nay cing thudng gap phéi cac
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van dé rat kho khan. DE gidi quyét van & nay ngudi ta da phédi su dung cde
phuong phdp xdp xi dé tinh todn.

Nhu dd gidi thidu ¢ muc 5.1 d4 tin cdy duge dinh nghia 1a xdc suat cia
ham dic tinh (ham trang thdi gigi han) g(X) > 0, tuong (ng vdi gid tri xdc
sudt cda cac bién ngdu nhién X = (Xy, X,,..., X,,) nAm trong ving an toan va
duge xdc dinh bdi g(X) > 0. Xdc sudt héng la xdc suit cda ham dac tinh
{ham trang thdi gidi han) giX) < 0, tuong Ung véi gid tri xdc sudt cua cde
bi&n ngdu nhién X = (X, X,, ..., X,) niim trong ving khong an toan va dugc
xde dinh bdi gX) < 0. Xdc suat héng duge tinh ¢ céng thifc (5.6) vdiy = O:

F=PlgX)<0)= ff,(xdx (5.8)
X )

Va do tin cdy duge xdc dinh theo cing thuc:

R=1-F=P(gX)>0)= [fxdx (5.9
(X0

Phuong phdp mé phéng Monte Carlo cé thé duge st dung 46 ude lugng
cdc cdng thic tich phdn trén, tuy nhién viéc s¢ dung céng cu nay doi hai
tén nhiéu thai gian va né cing bi han ché& béi téc 46 xi ly cia mdy tinh va
khi dé chi phi che vigc tinh todn cdc ebng thic tich phan nay sé rat cao. Tu
nhimg thdp nién gan day cdc phuong phdp xap xi dd duge nghién cifu, dng
dung cho vige tinh todn cde cong thic nay cing nhir ing dung trong viée

trong vide tinh todn dd tin cdy cda k&t cdu va cde lanh vuc k¥ thuat khace.

Cdc phuong phdp phd bién thudng duge st dung trong viée phan tich
dd tin cdy 14 phuong phdp mémen thich hop, phuong phdp xdp xi bic nhat
va phuong phdp xap xi bac hai .. Noi dung chinh cia cdc phuong phdp nay
d6 chinh 1a lam don gidn qud trinh tinh tedn cde cong thic trén théng qua
viéc lam don gidn hod edc cong thue dugi ddu tich phan fi(x) vaA x&p x{ ham
trang thdi gidi han g(X). Thong qua cde k¥ thust 1a don gidn héa va xdp xi
thi viéc tinh todn cde cong thuc tich phan trén s& d& dang thue hién duge.

Tat cd cdc bién ngau nhién X trong cdc phuong phdp nay duge gid
dinh 1a déc lap. Cdc phuong phdp nay cing cd thé duge ding dé gidi quyét
cdc bai todn vdi cde bién thiét k& ¢ quan hé tuong quan, sau khi cdc bién
nay duge chuyén déi thanh cdc bién déc lap.

87



Chuong 5
5.3 PHUONG PHAP XAP Xi BAC NHAT

Tén goi cia phuodng phdp nay xuat phat tir viée sif dung dang xap xi
trong qué trinh tinh todn: ham trang thai gidgi han g(X) duge xap xi béi ky
thuat khai trién chudi Tailor bac nhat.

bé dé hinh dung cong thic tich phan (5.8) va (5.9) § trén c¢6 thé duogc
biéu dién trong khong gian ba chiéu nhu hinh 5.4. Hinh trén la hinh biéu
dién ham mat do phan phdi f,(x) va cdc chu tuyén — hinh chiéu ciia f(x)
trén mat phiang X, — X,.

b6 tin cdy duge dinh nghia 1a xdc sudt cia ham trang thdi gigi han
g(X) > 0, tuong Ung vdi gid tri xdc sudt cdc bién ngiu nhién X = (X, X,
X,) ndm trong viing an toan, duge xac dinh theo cong thuc:

.oy

R =P(g(X)>0)= Jl'_x(x)dx (5.10)

X)=0

Ham mart do
phan phéi

gix1x2)=0 gk £2)=0
Mieén an todn

s
3T Qix1 x2)=0

Mién hong hée__——

~ Chu tuvén

oA e
ey

e
i %1

Hinh 5.4 Tich phdn xdc sudt
Phuong phap xdp xi bac nhat gébm hai bugc: ddu tién chuyén cac
bién ngdu nhién ban déu sang khong gian chudn, tiép theo la x&p xi ham
trang thai gigi han [21, 22, 11].

Dé chuyén cdc bién ngiu nhién tir khong gian nglu nhién ban dau
sang khéng gian chuén thi ddu tién ham du6i ddu tich phan f(x) duge don
gidn héa bang cach bién déi cdc bién ngiu nhién. Khong gian cia cdc bién
ngau nhién ban dau X = (X;, Xy, ..., X,) dugc goi 12 khéng gian X (hinh
5.5a). Chuyén tat ca cdc bién nglu nhién thiét ké& tir khong gian X sang



Thig't k&' va phin tich theo dd tin cdy biing cdc phwdng phgp phin tich x8D xj

khéng gian chuan U vdi gid tri trung binh cia cdc bién nay bing 0 va sai
léch chudn bang 1 (hinh 5.5h).

Fotxpy=miur véi X; = my, + U8, (5.11)

'y .
1% Focs

lix,)

0, A9RY

h}

Hinh 5.8

Sau khi bién déi ham trang thdi gisi han nay c6 dang Y = g(U).
Khi d6 d6 tin cdy duge xdc dinh theo cong thite:
R=PlgU)>0)=  [oycupn (5.12)
gty

Vi cac bién u; 12 déc 1ap, nén ham ¢ y(u) duage xdc dinh:

ul

d>utuJ—[—[J_Tr (5.13)

Chi ¥ réing sau khi chuyén d8i thi ham dudi ddu tich phan (5.12)
trong khéng gian U 1a tuong ty nhu ham dusi dau thic tich phan & chng
thuc (5.9) trong khéng gian X va qud trinh bign dai dé khéng lam gidm do
chinh xdc cua két qud tinh todn, tuy nhién cdc dudng chu tuyén ctia ham
f(U) s& duge chuyén d6i thanh cdc dudng tron déng tam (hay 13 cdc dudng
siéu cdu A8 v4i cdc bai todn da chidu) va duge bidu didn & hinh 5.6 trang
sau.
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Chudng §

Chu tuyén Hxx)=D

Mién an tean

gixnxa) =0 Midn hilng hoe

X1

A " 1

Hink 5.6 Tich phdn xde sudt trong khéng gian thiét hé
PBé viéc tinh todn ham tich phan § céng thic (5.12) duge don gian
hon thi ham trang th4i gidi han g(U) = 0 duge xap xi thanh ham tuyén tinh
qua phép khai trién Taylor bac nhit.
gL = LeUY = g(u*) + Vg(usy U — u)’ (5.14)
trong dé: w* = (u;, ug, ..u,") 14 diém khai trién, T 1a ky hiéu ma tran

chuyén vi va Vgiu*®) la gradient cia ham g(U) tai u*.

Gradient Vg (u*) xdc dinh theo cdng thie:

{5.15)

Ve(ut) = gy dg(u)  agl)
gu, " au, au,

P& lam gidm sai 88, cdch den gidn nhat 1a nguiri ta ti€n hanh khai
trién ham g(U) tai di€ém xdc sudt 16n nhat (MPP), khi d6 tich phan cé gid
tri ldn nhat. Bai todn tim di€m xdc suit 1n nhat, 14 diém thude mat gU) =
0 va c6 mat d§ phin phdi theo U 18n nhat:

Tim gid tri lon nhdt:
i
g 2 (5.16}
H Nan

vdi didy kign g(U) = 0.
Bai tedn trén tuong duong:

Tim gid tri nhé nhat |u| vei:

I = ui +u3+. 40 (5.17)



Thiét k& va phén tich theo dé tin cdy biing cdc phudng phép phédn tich xap xi

la dé dai cia vécto u.

Khodng cach B =Hu*

khodng cdch ngdn nhat tir bé mit g(U) = 0 dén gdc toa do trong khong gian
U.

3 T T T
u, glu,u,)=0
2F —
Piém xde sudt 1dn nhit
1}
or -
Ak B
g{ul,uj) =0
2F  Midnan win glu.u)<0 g
Mién hing hic
-3 1 1 1 L L
-3 -2 -1 0 1 2 u, 3

Hinh 5.7 Tich phdn xdc sudt theo xdp xi bdc nhdt
Tai diém xdc suat 16n nhat u* thi g(U) = 0, cho nén:

- (?g(U) - .
LU]= Ui—'llj = + ',Ul' 5.18
( Z}: o u‘( )=a, Z‘:a (5.18)
véi  a, = _Z UB‘U)‘ w v '5’8(‘” (5.19)
i=1

Tir cong thic (5.18) ta thdy riing ham L(U) 1a mét ham da tuyén véi
cdc bién tuan theo qui luat phan phdi chudn, do vay ham L(U) ciing la phan
phdi chudn vdi gid tri trung binh va sai lach trung binh duge xdc dinh:

(5.20)

(5.21)

Do vay d¢ tin cay R s& dugc x4p xi theo cong thic:
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RtWMUMMLl—m:?L-J—
Lo o
: (h22)
:—!—<D| Zu,u, ‘-' [-dau" )
L | B
o Vil b [
Vil a=(u|.(53.....u"J=—-—L’-——— {520
H\-‘gm :H
la vécte don vi cia ham V(u') va
p |
n o
3k
: ave
o, = [—"% =120 {5.24)

N

\ )
Theo hinh 5.7 thi dié¢m xdc suat lén nhat u chinh 1a 1i€p diém caa

hiam trang thail gidgi han va dudng trom ¢d bdn kinh 1la 3, do vay vécto don

El v

vi doc theo vécto u' ¢é gia tri u_ =0 bAng vdi gia tri cla véctg don vi a:
o
u’ . .
T =2 hoic u =-fa (5.25)

Do vay ham d¢ tin ciy s¢ dude xde dinh qua cing thite sau:
R=P(LUy ~0)= t - Dlau )
S Paa o1 @[y

Cha ¢ ring:
i
T =al =1 (5.27)

(!¢ rat nhiéu phuong phdp s6 da duge phdt trién dé thuc hién cong
vide Uim didm xde sudt 1dn nhat. Gidi thudt tim kigm diém xdc sudl ldn
nhit nay sit dung mét eéng thite hdi quy va né dua vao tuyén tinh héa ham
trang thdi givi han. Gid tri diém xac sudt lén nhat ¢ vong lap thi k la o
duge xdc¢ dinh theo cing thie:

gtu ' = gty VguMm -t =0 (5.28)
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Thi¢'t ké" vii phdn tich theo d6 tin ¢4y biing ¢ic phyigng phdp phiin tich x6p xi

U,
4

6 gl

U
Hinh 5.8 Tim diém xdc sudt Lion nhdt
Tir edng thie (5.25) ta cd:
ut = —itat
Vi a la vécta don vi, tir hinh 5.8 ta co:
uttt = phrih (5.29)
Thay thé& u* va u**' vao cong thde (5.28) thu dugc:

grufy+ Vaeuh Tt —phhy

) . (5.30)
=g(u“)+va(u“}H(u*—|3*+')=0
Tir day suy ra:
K+ bkt h glu*}
T E AL 3¢} S T (5.31)
e

Dé s dung cong thic (5.31) ta cdn phai ¢6 mat didm khdi ddu u"” va

théng thudng u’ = 0.
Cdc diéu kién héi tu duge sif dung dé& két thic vong kip:

“u“' —u"Hs £, "BH! - Bk”S £y v HVg(ub]}—Vg(uk]HS £,

vd1 £y, £y, €4 €6 gid tri rdt nhd.

Trinh tu thuc hién:
1. Lap ham trang thdi gidi han g(X}.
2. Chuyén tit khéng gian X sang U.

3. Chon u" 13 diém khdi dau.



Chudng 5
4. Xdc dinh glu”) tir hAm trang thai gigi han.

. Xdc dinh vgiu"ytheo cong thie (5.15).

. Tinh ”ng_u” ]H=1,I[Vg,(u”)f .

o _ Ve
HVg(u” }H

=1

fas

7. Tinh ti 56 a

8. Xac dinh gid tri ' = Hu”H.
9. Vong lip k& tiép bdtl diu vdi

g(u")

u' = —atp? T
e’

10. Thue hién cdc bude 1-9, néu théa man cdce didu kién hai tu thi dimg. Néu
khéng, l4p lai trinh tu tinh véi k = k+1.

(Gidi thuat tim ki€m MPP duge trinh bay d trén rat don gidn khi si
dung, téc d6 hai tu rat cao trong rat nhidu truding hop. Do vay gidi thudt
nay di duge st dung réng rii trong rat nhiédu linh wife phan tich dé tin cay
cla cde két cdu va trong cdc k¥ thuit thiét ké xdc suit. Tuy nhién gidi
thudt nay ciing cho két qud khéng hoi tu trong mot s6 trudng hop vi du su
dao d6ng gida hai hay nhiéu diém ma khdng héi tu hay gidi thuat duge
chon la phan ky. N&u su phan k¥ xay ra, mdt phuong phdp khac khéng edn
st dung phuong phdp tim kidm MPP c¢é thé duge sd dung dd la phuong
phap md phdng Monte Carlo (MCS) d8 udc luong truc tidp dé tin cay.

Vi du 5.1

Ta khdo sdt tai diém B (hinh 5.9) truc déng co dién hodc truc truyén
déng bat k¥, khi dé ta xem cdc dai luong oy, F, va T 1a cdc dai lugng ngiu
nhign v4él F, = N(792, 79 2)N, T = N(181380, 18138) Nmm, oji,=
N(111,078, 16,3874} MPa. Cdc dai lugng con lai xem nhu don dinh: b =90
mm, d= 3 mm.

Khi phén tich theo phuong phdp tim diém xdc suit 16n nhat. Ham
trang thdi gidi han ¢ dang:

32

Xy =ay, - T
md”

b*F’ +075T*

Khi chuyén sang khong gian U ham trang thdi gidi han ¢6 dang:

20Xy = (1 1L078 + 16 3RT4U_ . ) — \[7.231 (6010 + Up,yy ) + 3511662010 + Uy 2
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Il

Hinh 5.9

Qua 3 vong lap cac k&t qud hoi tu tai chi s6 d6 tin cdy B = 2,659740
tuong dng R = 0,89609 nhu bang 5.1.

Bdng 5.1
Bude lap B (U, Up, Uy}
1 0 (0, 0, 0)
2 2,660849 (-2,52212,0,17102,0,83053) |
3 2,659768 (-2,51909,0,16206,0,83802)
4 2,659740 (-2,51902,0,16184,0,83820)

Va theo bdng thi ta thay ddi s6 vdng lap phai thyc hién 1a 4, trong
dé sd cac bude mé phdng trong phuong phdp mé phing Monte Carlo (MCS)
la 24900 lan (tham khdo chuong 6), do d6 ta d& dang nhan thiy phuong
phédp x&p xi bac nhat véi tim ki&m diém MPP hiéu qua hon r&t nhidu 14n so
v6i phuong phdp MCS,

5.4 PHUONG PHAP XAP Xi BAC HAI

Trong phudng phap tinh todn d6 tin ciy béc hai (SORM) hosic ham
dac tinh duge x4p xi théng qua phép khai trién Taylor bac hai.

g(U) = q(U) = p(u*) + Verur ) D —us)T + —}}—(U — ) Hw* U — w7 {5.32)

Trong cdng thic trén H{u") 13 ma tran Hessian tai MPP va duge xdc
dinh theo eéng thite:
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[ Sy Sy My
a ‘; TS Y R U
T S “e
Wea')- iaUfUp pul 0 dULal, (5.33)
e Mg
P UL U PSP ae

Sau khi khai tridn, mil ham xAp xi tuyén tinh s duge thigt Tap va
khi dd ham trang thai gidi han trd thanh:

;

: [
qili= UH—L;HTL'] DU

Vii D 1a ma tran dutng chéo (n-1) x (n+1), tat ca cde yéu 16 duyce

tidce dinh hdi ma tran Hessian Hiw®) va U = (U,, U, U,, . U 4

)

U: Xapxrhig 2

uei}

Bidm xie sudl 1dn
nhidt u¥

Xip xi hic |

Hinh 510 So sanly gitda phuong pheap xdp 27 bde 1 va be 2
Khi f du 16n, gid Uri xdp xi cua sde sudt héong c6 thé duge xdc dinh
qua cing thie sau:

n- |
B {e(X) < 0)= D] ] Ju + By (5.34)

1=1
viit k; 13 dé cong cda ham g(u) tai diém xdc sudt ldn nhat.

Thong thuing phuong phip xap xi bac hai tét hon phutng phdp xap
xi bac nhdl thinh 5.10), 46 chinh xde cua phugng phap xdp xi bac hai cao

han phuong phap x8p xi bae nhat. Phugng phap bdc hai lai yéu cau phid
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tinh todn ma tr4n Hessian bac hai, do vay né sé khéng hidu qua han
phuong phiap bédc nhét khi chdng ta tién hanh khai trién theo phugng phép
s8. N&u nhu ching ta si dung s6 bugc 13p ham trang théi gi¢i han d4nh gi4
muc do hiéu qua cia hai phuong phap thi di nhién 1a phuong phép bac hai
s& hiéu qua hon vi ludn yéu cau s§ ving lip nhé hon.

5.5 PHUONG PHAP MOMEN THIiCH HOP

Néu nhu dau vao cho ta biét hai gid tri mémen (gig tri trung binh va
sai l¢ch binh phuong trung binh) cla bién thiét k& thi chung ta ¢6 thé su
dung phuong phdp mémen thich hgp dé udce luong gid tri trung binh va sai
l&ch binh phuong trung binh eta ham trang théi giéi han. Gia thiét rang
cac bién ngdu nhién thist k& X = (X;, X,,., X,) va c4c gid tri sai léch binh
phuong trung binh cda chang lan lugt 1a m = (my;. my,,.., my,) va
5 = (Sx1. Sx2..-» Sxn). Tuyén tinh héa ham dic tinh xdc suit qua phép

khai trién Taylor tai gid tri trung binh m = (my,, niy,...., my,) la:

(X; —my ;)= g+ Ve (X -my" {5.35)

m

g(X)zUX):ganf%@
=l 1

Sau d6 gid tri cia ham g(X) thay béi ham tuyén tinh L(X) va dugc
tinh tai gia tri:

m, = g(m) {6.36)

Sai léch binh phuung trung binh:

s (5.37)
=l
Gid s ham dic tinh tuin thee quy ludt phan bé chudn khi xdc suat
héng héc 6 the duge xde dinh nhu sau:

T 5.38
S (5.38)

¢
sz{uwao}ﬂtt_f];

Gid thiét trén cling tuong duong vdi gia thiét la tat cd cac bign thiét
ké ciing tudn thee quy luat phan bé chudn. Theo gia thuyét nay thi ta cé
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Chuong 5
ham tuyén L(X) trong céng thife (5.1) ciing tuan theo luat phan bd chuin vi
né lam két hop clia cdc bién tuan theo luit phan bo chudn.
Mién tich phan

xdce suat xap xi .
Mién tich phan

/ xdc sudt thyce te

g(X)=0

""""""""""" ~ é?m). Ag(m) (X-m) '=0
- g(X)=g(m)>0
m(xlf o »

0 X
1
Phéan phaéi / / \

Bi 73 o ) . Phan phei xap xi
xap Xt Phan phoi ban dau

Hinh 5.11 Phwm;lg phdp xdp xi momen thich hop

Phuong phdp momen thich hgp cing ¢6 thé xem nhu la phuong
phép xap xi bac nhdt vd mémen thit hai khi né bao gom khai trién bac mét
va mbémen th hai. Nhu trong hinh 5.11 ching ta thdy hai xdp xi duge si
dung trong phuong phdp moémen thich hgp: phin phéi cia cdc bién ngiu
nhién X = (X, Xs, .., X,) duge x4p xi thanh cdc ham phan phéi chudn va
ham trang thdi gidi han duge khai trién thanh chudi Taylor bac nhat tai
cdc gid tri trung binh. Nhu trén hinh 5.11 xdc suat héng trong phuong phéap
momen thich hgp duge ude lugng béi tich phan xdc suit trén ving té dam
va né ndm phia trén bén phai cia cdc dudng thang gm+VemX-m'. Ving
tich phan xac sudt thue t&€ la dién tich ving sdng nim phia trén bén phai
cia duting cong (X) = 0. Béi vi st dung céc phuong phdp xdp xi nén két qua
cia phuong phdp mémen thich hgp sé thiéu chinh xdc d6i véi cdc ham phi
tuyén v6i cdc bién ngiu nhién khéng tuan theo quy luat phan phoi chuén.

Vi du 5.2

Thiét ké theo phuong phdp mémen thich hop. Véi cdc s6 liéu nhu vi
du 5.1 ta giai bai toan thiét k&, xdc dinh dudng kinh true d.

Chi s6 d tin cay xdc dinh theo cong thite:
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Thiét ké"va_phén tich theo 46 tin ciy biing cde phwong phd p phén tich x§p xi

ot
R &)

2
SZ
= 2 m—| *

Gid tri trung binh ham trang thdi gisi han:

glm) =6y, ~ 3} Jp?F? +0,75T?
nd -

32 2 3 )
=111,078 - ———‘—\/9()‘,?92“ +0.75. 181380
md”

=111L078 - 1?57029,73—}-;-
d°

Sai léch binh phuong trung binh ham trang thdi gigi han:

L (24T sh
Sg,.* - =3 = = +i ) e —
" nd B F: 40757 Lnd’ ; b*F- +075T"
kN A - Lz
PR y2? ? 38
= ll6ag7a? 4| 2299 .,‘79.. )7) N 24,18238(!} ‘]H :
nd 9l 7922 + 0750813800 | nd’ 902 7927 + 0,75, 181350

2 2

_ J' 638742 + 22|H8?693_|n
d

V381 d9) tin cdy R = 0,99, thay th& gid tri trung binh va sai 1éch binh

phuong trung binh vao cdng thirc chi s& dd tin cdy p (vdi B = 2,33) ta thu

duge phugng trinh theo d°:

LELO78 —1757028.73 -Il
233= d

. 22128793
\/ 1638747 + ..-.:]....5?69 210
d

Gidi phuong trinh trén ta thu duge d = 29,34167762 mm.
Vi duy 5.3

Béng phuong phdp mémen thich hop hay xdc dinh d6 tin cay vdi céc
80 liéu nhy vi du 5.1.

Khi phén tich theo phuong phdp mémen thich hop:

3
gX)y=ay, - —-21 b1 40,7512
. o

Gid tri trung binh ham trang thdi gid¢i han:
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32
n30°
= 111,078 - 65.075 = 46,003 MPa

gm)=111,078 - J902?92:4—&?5J8]3802

Sai léch binh phugng trung binh:

2 { b i 1 3
32h°F 5 14T ne S‘}
2 2 2 I, 2
:| SX. = S“lu». +t 1 1 [ J L
i

r‘Z]I du(X)
s

— — | | 5 VY=
~ ad BEL L0752 Lmd’ ) BEFR 4 07572
) - .
_ ieaxra? o 32000 792) 79,27 (24.13|33n\‘* %1387
" n30° 9027927 + (1751813801 30’ J 9027927 +0,75. 1813802

= Jiﬁ,]tﬂ-’lz + 1234768205 + 291 2022934 = 17,22887789i
Chi s8 d8 tin cay:
g(m) 46003

= = =266085882
2 17228877891
m:|

i=]

Tuong tng dd tin cay R = 0,99609.

5.6 PHUONG PHAP PHAN TiCH TRUGNG HCQP XAU

NHAT

Trong vai trudng hgp théng tin vé cde bién ngiu nhién bi gidi han,
khi d6 ta chi bigt cdc khodng gid tri thay d8i ctia bifn ngiu nhién. Céc
truong hop sau ddy sy thay ddi duge d4c trung bdi khodng gid tri.

- Gidi han théng s6 vat 1¥, dung sai, udc lugng sai s& tinh todn..

- Thai gian hdng cda chi tiét hodc hé thong do phai kiém tra dinh ky.

- Cac gid tri do.

Trong trudng hgp chi biét khodng gid tri cia dai lugng ngdu nhién

thi ta st dung phdn tich trudng hgp xdu nhédt dé tim khodng gid tri cla
ham trang th4di gidi han.

Gid st dai lugng ngdu nhién X; 1a (a;, b)), gid tri trung binh xdc dinh
theo cédng thue:

X =20 (5.39)
2
khodng cdch gitfa gid tri trung binh va diém cudi X; duge xde dinh:
¥ % by '
A =b, X =% —a; = (5.40)
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Dau tién ta khai trién ham trang théi gisi han theo chudi Taylor béc
nhat tai gid tri trung binh X =(¥, X, ..., X,

gmmfmi‘%{?

(X -X;» (5.41)
X
Gid tri trung binh ham trang th4i gidi han duge ude lugng tai cde gig
trt trung binh X = (X,, X,, .., X.»
X)=aX) (5.42)
B léch ham trang thdi giéi han so vdi gid tri trung binh xdc dinh
thec céng thuc:

ag=gxl—gi0=z%29| (X, -X) (5.43)
i i Ix

Bdi vi ta tinh che trudng hop x4u nhat nén ta 1dy gis tri tuydt ddi clia
dé léch trén va st dung thay d&i l6n nhét cia cdc dai lugng ngdu nhién A,
Sai s8 cla trudng hop xdu nhat cla ham trang thdi gidi han duge xdc dinh
theo e¢éng thiic sau:

n
X)
%: — ]
Z:a;(i
Cho nén ham trang tha'i gidi han s& thay d4i trong khodng sau:

[E—Agé+ﬂg]=[afﬂ—m A&,@+% AX, } (5.45)

Néu mién an todn duge xdc dinh bdi g(X) > 0, trudng hgp x4u nhat cia
ham trang thdi gidi han g-aAg > 0.

1~ X)
&% =— (b, —2,) {5.44)
X 2; 6X1 X

Phuong phdp truing hgp xau nhdt chi 1a phuong phap x4p xi. Loi gidi
phudng trinh s& c6 sai 6. P& xdc dinh trudng hop xdu nhat coa ham trang
thdi gidi han thi gid tri 16n nh4t hodc nhé nhat tim duge c6 thé ndm ngoai
khodng cdc dai lugng ngdu nhién. Cdc phuong phdp t6i uu c6 thé thuc hién
trong trudng hdp nay.

Vi du 5.4

Thi#t ké theo phuong phdp trugmg hgp x4u nhat vdi cdc 86 lidu nhu
vi du 5.1. Bai todn xdc dinh duong kinh d cda truc.

Ham trang thai gi6i han xdc dinh theo cdng thic:

g(X)=ay, - 3—;‘-,%21:{ +0,75T>
n - la
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Gid tri trung birh ham trang thdi gidi han:

F(X)=111.078~ —3d_3‘—\/9(11.7922 +0,75. 1813807
-

175702973

=11L078 - pE

Gradient cla g tai gid tri trung binh:

sl —
32 b7k 32 0,75T

Veg=11— Y —
3 = — ; j— ==
nd Jsz{ +0.75T nd’ Jbzﬁj +075T?

—[l 378 8186 B,0328889 ]
. e . 5

Tir day suy ra:

o= anorn s TR oy SO g,
d d
~ 44613 + 527{}13‘.1522
R RE

Trong trudng hgp xdu nhat §-Ag2 0, cho nén:

5 527033,1522
11078 - 12093 613 SOBE 5 g
d d
*
66,465 - 2254002882
o

Tir ddy suy ra: d > 32,5116 mm.
Vi du 5.5
Phan tich 40 tin c4y theo cdc 56 liéu nhu vi du 5.1.

Khdc sdt bai todn tinh truc ddng co, ham trang thai gidi han xdc
dinh theo cdng thuc:

32
#X) = Oy, ——/b'F% +0,75T"
md- "~

trong d6 F, nim trong khodng [554,2, 1029,6] N, mémen xodn T =
[126966, 235794] Nmm va gidi han méi ay, = [66,465, 155,691] MPa.
Khoang cdch giita gid tri trung binh va diém cudi:
AF,, =23T4N: AT = 54414 Nmm; Ady, =44,613MPa
Gi4 tri trung binh ham trang thdi gidi han:

X)=111,078 -

32 J§037922 +0,75.181380?
730
= 111,078 - 65.075= 46,003 MPa

Gradient cda g tai gid tri trung binh:
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Thi¢t ké'va phin tich theo d6 tin ¢iy biing ¢de phuang phdp phan tich xdp xi

f
I

[1 32 bF 32 0,757

| L — —;—.._=,__u:— = —_-.-_=____:—
;oomd 12 2 od 172 =2
¢ \/h F* +0735T JPIES +0.75T

Ve =

(1 L0 T0303 18, (100029751 44048)
T day suy ra:
A = {1 44613+ 00140303 18.237.4 + 00002975 144048 5441 4)
= (44613 + 3330797493 + 16,18894882) = 64.1 3274632
Mién thay d&i ham trang thai giéi han:
de=(g-Ag E+ay)
= {46,003 - 6413274632, 46,003 + 64,1 3274632)
= (- 18129746, 110,135746)MPa

5.7 PHAN TiCH PO NHAY

Néu mdt thiét k& c6 d tin cay nhé hon d6 tin cay yéu cdu, thi c6 ba
cach duge st dung d€ nang cao dé tin cay cda thist k&, hay néi cich khdc 1a
¢t ba cdch 1am gidm xAc sudt héng héc ala thist ké.

1) Lam co ham phéan phai.
2) Lam dich chuyén ham phan phai.
3) Si dung ca hai phuong phdp trén.

Cdc cdch lam trén duge mo té ¢ hinh 5.12. Trong trudng hap s6 bién
ngau nhién nhiéu thi ta cdn phai phan tich d¢ nhay d& xic dinh bién ngiu
nhién naoc anh hudng nhat va tir d6 tim bién phdp dung dé nang cac 46 tin
cAy.

Phan tich d6 nhay 12 xdc dinh mic 46 dnh hudng cée thong s§ dai
luong ngdu nhién (gia tri trung binh va sai léch binh phuong trung binh)
dén xdc sudt héng thodc db tin cdy). Goi p 1a tham sd phan bé clia bién
ngau nhién X, d6 nhay duse xdc dinh bdi:

O _ob-p)_on(-p)eB_ . 3D r
T o P ap—*b( ﬁ)f}p (5.46)

Bxao ham riéng chi s6 do tin cay theo tham s8 p:

B _ 2B 2u;

L= (5.47)
op (ﬁll'l {Plp

Mal khac:

113



Chudng 5

L *
d Z(Ui T " ui* 5.48)

weoom J;;(u:f“

Thi&t k& ban diu

Giam mién phin b3
i

Xdc sudt hong
. r

ey d
0 x

Hinh 5.12 Cdc phiuong phdp ndng cac d¢ tin cdy

Tir e¢dng thic {(5.11) ta cé:
u; =d>"lFXi(xi‘}]= w(p) (5.49)

vdi wip) 1 ham s0 cla tham s6 phan bd p.

Bai vi:
B _viow (5.50)
p P op
Cho nén:
oF w ow
g =2l _pi=pyL SN (5.51
Sp f d(-PB) B 7o )

St dung cong thite (5.51) d& ddnh gid 49 nhay cla gif tri trung binh

va sai léch binh phuong trung binh bién ngdu nhién X;:

aF U, Ow
. — Y g py— Y {552
Mx T Amyg 26-P) B omy, )
aF U ow
e = - iRy UL TV 5.53
SSxi 55)(_i =B B Sy { )

Dai vi hién ngdu nhién chudn X, = N(my;.Sx;)
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Thiét k¢ va phan tich theo d6 tin ¢dy biing cdc phudng phip phén tich x4p xi

+ +
X; —my; i ~ My
wlmy; Sy )= [Fxt(x )] { ( 'qx Xi H=x' S Xi (5.54)
X X
Do ds:
w L (5.55)
fmy; m x;
oW _ X mmy U (5.55)
a5x; s%, Sxi

Tir ddy suy ra:

_oF

N __ 5.56
ngi am)(l ¢( B)BQX: ( )
‘_‘ *
S5, = e = (- B}I—E (5.57)
a8 Bg)h

Xi

Vi du 5.6
Phdn tich d3 nhay cde tham s8 phdn b# cho vi du 5.1.

Giai

b6 nhay cdc tham s8 phan bé clia cde dai lugng ngau nhién oy, F.y
va T duge xdc dinh theo cong thic:

. -2,51902

Sy =¢(-pr—2m - 001160816, : — = _6,7088.107¢
Moiw amoj,m =P BSqlim 2,659740.16,3874
2235 2
55y = e = ﬁ)iﬂﬁzo,ouﬁosm k251902, ceog637. 1073
o TS BS gl 2,659740.16,3874
Sy, = oF = (B k2 Uty =001160816.— 216184 _ ¢ 5193577 1070
- szrz B Fr? 2,659740‘?9,2
* 2
Sg . = oF =—¢(-ﬁ)£‘”“—fzf=0.01160816.—0@_=1,443347.10‘6
vres BSg s 2,659740.792
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A : 382 i
s = BT 001160816, 22520 5 51689107
' amy RSt 2,659740.18138
3 < F _ 3820°
s =E :—d){—B)thL:(),O]]6(]3]6,&=1.ﬁ90558.1() 4
ST as) BSt 2,659740.18138

Céc &8 1idu v; va (B tra tif bang 5.1. Tir cong thic (5.13) ta suy ra:

B 2.6597400°
! e I = L e 2 =0,01160816
N2n

J2n

Tir cdc két qud trén nit ra nhan xét réng sai léch binh phuang trung

$(-B) =

binh gidi han moi dnh hudng lgn nhéat d&n do tin cdy truc, k& tidp la gid tri
trung binh gidi han méi. Gida luec hudng tdm F.y vA mdémen xodn T thi luc
F.; 4nh hudng nhiéu hon.

5.8 PHAN TiCH NGUJC PO TIN CAY
Trong mot 56 bai tedn thiét ké theo 4o tin cay ta can phdi xdc dinh
gid tri ham trang thdi gidi han tuong Ung véi 43 tin ¢y cho trude. Day con
goi 1a bai todn phdn tich ngugce 4§ tin cay. Bai todn duge phdt bidu nhu sau:
Tim gid tri ham trang thdi tdi han g© tuong tung xdc suit héng F:
= plaX) <) (5.58)
Sau day trinh bay phuong phdp udc luong g theo phuong phédp xdp xi
béc nhat. Tir cdng thifc (5.58) ta ¢4 ham trang thdi gidi han mdi:
g(X)=g(X)-g" (5.59)

Gid st MPP cia ham Plg'(X)<0)=PlgX)<g") 1a"u*. Theo phuong
phdp x4p xi bac nhat, néu xdc suit F duge bidt thi chi s8 44 tin cdy B xdc
dinh theo céng thie sau (sit dung ddu tuyét d6i do P la khodng cdch ludn
duung): _

E,:‘qu(F)l (5.60)

Trén hinh 5.13 di€m MPP u’ la dim ti6p xuc dudng tron bdn kinh p°
vA ham trang théi gidi han gX) - g' = 0. Hay néi cdch khdc d6 1a didm
tiép xdc xdc dinh khodng cdch ngdn nhat tir goc toa d6 0 khong gian U dén
mit cong ham trang thdi giéi han g(X) - g* = 0.
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Thi¢t k¢ vi phin tich theo d6 tin edy biing cidc phudng phdp phin tich xap xi

2iX)=giX}-g" =0
Ig(X]:gE

0

-

1
Hinh 513 Tim MPP theo phdn tich nguoe ds tin cdy
Tai MPP theo cong thie (5.29) la ¢6:

ul = —‘ u F[

*

a =-Pa (5.61)

Trong vong lap tha k:

uk'l = _pa*
k Vu(uk) )
trong dd 8 = ——= (5.62)
Vet

Céc ditu kién héi tu duge st dung A& két thae vong lap:

: + h .
Hul‘ '—u HE £ va

Vel - vt Hé B,

vél £, £, €6 gid Lri rit nho.

Céng thie (6.61), (5.62) 14 gidi thuat 48 quy dé tim MPP cho bai todn
phan tich nguge dé tin cay.

Sau khi xdc dinh MPP u* gid tri g" duge xdc dinh theo cong thuc:
g" = glu® (5.63)
Trinh ty thue hién:
1. [.Ap ham trang thai gidi han g(X).
2. Chuyén tir khong gian X sang U.
3. Theo xac suat F cho trude ta xdce dinh ﬁ=‘m“m‘ (céng thie 5.60).
4. Chon u" la diém khdi dau.

5. Xdc dinh g(u") tir ham trang thai gidi han.

107



Chucng 5
6. Xdc dlﬂh V _(I.I”')thBO Cﬁl’lg thite (5.15).
4

7. Tinh HVg(u” )H: \J'[Vgru” ))2 .

Vaiu')

8 Tinhtl 56 a" = .
Four]

9. Vong lap k& tiép bdt ddu véi u' = -Ba”.

10. Thyc hién cde bude 1-9, néu théda man cdc didu kién hdi tu thi dimg. Néu
khéong, lap lai trinh tu tinh vdi k = k+1.
Vidu 5.
Véi cdc 8§ liéu nhu vi du 5.1, x4c¢ dinh gid tri gF tuong mg véi xdc
sudt hong F= 0,005 { R= 0,995).

Giai: Khi phéan tich theo phueng phdp tim diém xde suat 16n nhit. Ham
trang thdi gidi han ¢d dang:

3
gX) =0, - —_2‘ JbIF? 10,7512
mid- =

Khi chuyén sang khéng gian U ham trang thdi giéi han ¢6 dang:

2(X)=(11L078+ 16,3874U,_, 1 — J?.z?.l 16010+ Uyp,)% + 351166210 + Uy

Tinh todn theo trinh tu da trinh bay. Qua 5 vong lap cdc két qud hai
tu taj u = (-2.43999,0.15702,0.81166) nhy trong bdng 5.2. Ham trang th4i
gidi han g' tai u*: gf = g(u® = 1,444848.

Bang 5.2
Budc lap 4 Vg(u) {Un, Us, Up)
1 46.002825 | (16.38740,-1.11120,-5.39632) | (0.00000,0.00000,0.00000)
2 1.445287 | (16.38740,-1.11120,-5.39632) | (-2.44192,0.16558,0.80412)
3 1.444848 | (16.38740,-1.05592,-5.44996) | (-2.44003,0.15722,0.81148)
4 1.444848 | (16.38740,-1.05458,-5.45122) | (-2.43999,0.15702,0.81166)
5 1.444848 | (16.38740,-1.05455,-5.45125) | {-2.43999,0.15702,0.81166)

5.9 KET LUAN

Ta st dung cdc phuong phdp xap xi vita ké trén d€ ddnh gid d% tin
cdy k&t cAu va chi ti€t mdy mot cdch hidu qud. B6 chinh xdc theo phuong
phdp x4p xi bic nhédt cao nhdt, sau d6 1a mémen thich hgp va phan tich
truong hgp xdu nhat. D& tinh todn thigt ké ta sit dung phuong phdp mémen

108



Thi€t ké"va phdn tich theo d6 tin_ciy bing cdc phvwdng phd p phiin tich x4p xi

thich hgp va phén tich tnfing hgp xdu nhat. P& danh gid su dnh hudng cde
tham s6 dai lugng ngdu nhién ta tién hanh phan tich d6 nhay.

5.10 BAI TAP

5.1 Thanh c6 tiét dién ngang hinh cha nhat chiu téc dung luc F va duge da
béi cde gid twa nhu hinh 5.14. Lyc tde dung F, chidu dai thanh | va
khodng cdch a tir di€m dat luc d6n mét ddu 1a cde dai lugng ngiu nhién
cd gia tri nhu bdng 5.3.

Bing 5.3
Bai lugng Gid tri trung binh_ Sai lgch binh phuo'qg trung binh
Lue tdc dung F, N 30000 20060
Chiéu dai thanh 1, mm 3000 10
Vi tri dat lue a, mm 2000 10
Ung suat gidi han o,, MPa 400 20
ly
F |
I '
A %B x-—- ;// —>-(—‘ e
! || b=h/2
¥
Hinh 5.14

Gia st rang chidu rong b cha tiét dién ngang bing % chidu cao h va

dung sai kich thudc ta + 3% (65, = 0,03 h).

a) Xdc dinh d¢ tin ¢4y theo phuong phip FORM két hgp tim kiém
MPP vdi my, = 20 mm.

b} Theo phuong phdp mémen thich hop va trudng hgp xdu nhat, xde
dinh b va h v6i d§ tin cay R = 0,9999.

¢} Phédn tich d4 nhay bai todn trén.

5.2 Mot ddm bing thép ¢ k&t cdu nhu hinh 5.15. St dung cdc phuong phép
xdp xi d& xdc dinh gid tri trung binh va sai léch binh phugng trung
binh (ng sudt va bién dang tai vi tri A, sau dé xdc dinh dé tin cdy R.
Biét réng tai trong F va cudng dé tai trong q la cdc dai lugng ngiu
nhién déc ldp phin phéi theo qui luat chudn véi my = 40000 N, S,
= 4000 N, m,= 50 N/mm, S;= 5 N/mm. Kich thude thanh b = 60 mm va
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h = 100 mm duge cho 1& don dinh. Médun dan héj vat liéu thanh E

=2.1.10" MPa.
q
. o Loy .
i :
[ i
[ T NS BN AN B T A B
LA
.
=000

Hinh 5.15 Dém bdng thép chiu uén

5.3 Ddm céngxdn co tidt dién ngang hinh chii nhat chiu tdc dung luc Fy va
F, nhu hinh 5.16. Gid tri céc dai lugng ngéu nhién cho trong bang 5.4.
Chiéu dai thanh 1 = 1080 mm la don dinh.

Bdng 5.4

[ i:);;li luong . Gid tri trung binh . Qai léch binh phuong t‘fung binh
Late f:ic.dung F.. N a 8000 1000 ]
Tafe tae dung F., N 6000 800
Chién réng dam b, mm 20 0,01my,
Chiédu cao dam h, mm 30 0,01my
Gidi han chdy o, MPa 500 50

1. Xdc dinh 46 tin cdy ddm theo cde phuong phédp khée nhau.

2. Xide dinh kich thude dim d& do tin cay R = 0,999,

I=1000

Hinli 5.16

110

F, lFY
N 77 I
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i A
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CHUONG 6

PHAN TICH THEO PO TIN CAY BANG
PHUGONG PHAP MO PHONG VA BE MAT
PAP UNG

Mb phéng 12 sy bat chude mét hé théng thue bing cach tinh mé hinh
todn cta hé théng d6, thugng 1a trén mdy tinh. Khi dé gid tri cia mét vai
tham s& cda hé thang thudng thay déi hoac cac tham sé tuan theo quy luat
phan phéi xdc sudt. Dau ra clia hé théng sé khac nhau mai 1an mé phing
bdi vi gia tri cdc tham s8 dAu vao khac nhau. N&u thue hién dd s6 mb
phong, phan phot xdc suit théng s& diu ra thu duge da tin cay dé gia
quyét cd bdn nhitng van dé clia hé thing nhap vio.

Viéc mé phong c6 thé st dung dé du dodn dé tin cay cda sén phdm
bat ky véi cdc bién chat lugng hoac bién duge bigu dién duéi dang tham sé
thiét k& theo mé hinh todn hoc. Vai phin mém mé phdng yéu cdu mé hinh
tinh toAn nhu mét bang bidu. Vige mo phéng tuong duong véi viée san xuit
hang ngan san phdm va sav d6 kiém tra chat lugng. Md phéng s8 thi ngugc
lai v6i mé hinh hod thi nghiém (c6 thé mat nhidu thai gian va tién bac) va
cho két qua chinh x4c va phit hop hon d6i véi bai todn t6i uu thuc té.

6.1 PHUONG PHAP MO PHONG MONTE CARLO

Phuong phip Monte Carlo duge dé xudt nam 1944 bdi John von
Neumann - gido su to4n tai hoc vién Advanced Study — va Stanislaw Ulam
khi ho ciing tham gia nhém nghién ciu x&y dyng md hinh tinh toan phan
ing nhi¢t hach trén mdy tinh dién tir ddu tién ENIAC tai vién nghién ciu
khoa hoc Alamos, mé hinh nay ding cho viée nghién ciu san xvat vi khi
nguyén tif phue vu chién tranh. Trong qué trinh lam viée, véi nén tang
kién thic toan sau rong, Stan Ulam y thic ring k§ thuat théng k& mau tré
nén 16i thsi vi tén nhiéu thoi gian va budn chan. Nhung véi nhimng kha
ning k¥ diéu ciia ENIAC (so v4i lic bay gid) cing véi nhimg chuong trinh
ma ong dang suy nghi d4 gitip éng nhan thic rang ky thuat thong ké phai
duge hoi sinh. Stan Ulam da thao luan ¥ kién vdi John von Neumann va

dan téi sif ra doi clia phuong phédp mé phéng Monte Carlo.



Chidng 6

Ngay nay mé phéng Monte Carlo trd nén phé bién va duge dp dung

rong rai tir nhimg dng dung don gidn nhu tré choi, mat ma t6i ing dung
cho mé phdng cde qud trinh phic tap cia tu nhién nhu chuyén déng céc
nguyén tu, electron, chuyén déng cdc luéng khi luu trong khi quyén, tinh

todn két cau ..

6.1.1 Khai niém

Gia s ta ¢6 thong tin vé N thir nghiém, va gia si ta dat N két qua
thu vao tdi nhu hinh 6.1, Bay gitr ta cn ¢6 n k&t qud thii nghiém. Thay vi
ta thue hién thém n thi nghiém ta c6 thé chon ngiu nhién n to N két qua
tht nghiém tir tdi. Trén hinh 6.1 phuong ph&p thd nghiém trén goi la
-“phLIo’ng phdp dac biét” {36].

Hidu dd

\111\

Misg

KL ggtia thaf
gl w2t

200, FRAN

s 31

5 -
i, o
ddiky

Lty vie %1 gui it nghicw ngdu ehicn
ik ittt e sid dumg kv Ji D i
quyCl ety hilh i plafe bp Twi

Loara ko ngdu nhida nay duste thare
g by cive plasfug phiip dac bic

Hinh 6.1 Biéu dé phuang phdp Monte Carlo

Phuong phap Monte Carlo 1a phuong phdp dac biét c6 thé su dung
dé tao ra vai k&t qua s6 ma khéng can thiét phai thue hién tha nghiém
that. Ta cé thé si dung két qua ti cde tha nghiém trude dé (hodc thong tin
khac) dé thidt lap cdc phan phéi xdc sudt cho cde théng s6 quan trong cda
bai todn. Sau dé ta su dung théng tin phan phéi nay dé tao cac cde mau dit
lidu sd,

Trong méi thi nghiém gid tri cia cde bién ngau nhién dau vao X
= (X,, X4, ., X,) duge 14y méau dua trén cdc phan phdi cia ching. Sau do

cac bién nghu nhién dau ra Y duge ude lugng qua ham trang thdi gici han Y
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Phin tich dd tin civ phuong phip mé phéng

= g(X) tai cac gia tri mau bién ngdu nhién diu vao. S§ mau cang nhiéu thi
md phong cang chinh xde.

Phuong phap Monte Carlo st dung trong cdc trugmg hop sau:

1. D& gidi cac bai todn phuc tap khéng thé giai duge hodce thue hién
duge nhung rat khé khan bing phuong phap giai tich. Vi du, cac
bai todn xic sudt bao gém cdc md hinh phan ti hitu han phdc tap
¢ thé gidi bang mé phéng Monte Carlo véi didu kién la cong cu
tinh todn hiéu qua khi cdc théng tin ddu vao duge biét.

2. Bé gidi quyét cdc van dé phuc tap (c6 thé gin duing) duge bidu
dién dang c¢éng thie néu nhy nhiédu gia thuyét don gian duge dua
ra. Sif dung mé phéng Monte Carlo, cde bai toan ban déu dugc
nghién ciu khéng can cac gida thuyét nay, va nhiéu két qua hién
thue ¢é thé thu nhan duge,

3. Pé kiém tra k&t qua theo cac phuong phdp khac.

Hinh 6.2 minh hoa cho trinh ti mé phéng Monte Carlo.

D |

Bude 1. Liy miu cde bidn ngfiu nhién
Tao miu cic bién ngdu nhién

Bude 1: Thir nghiém siv . | M@ hinh phin tich
Lide Iudng hiom trang thdi wii han Y = (tX)

h J
Budc % Phin tich thing ké md hinh ddura
Rit ra théng tin xde sudt

Dite tinh xdc sudl
n - vt &
CUa Cud h]t'n d[lll IEL

Hinh 6.2 So dé thue hign mé phéng Monte Carlo

Gia s ta tién hanh loat thif nghiém thue d8i véi thanh chiu kéo dé
xdc dinh gidi han bén kéo o,,. Bidu dé tdn suat xudt hién lién quan duge ve
theo cde dir liéu va phit hgp vdi phan phéai xde sudt logarit chuidn nhu trén
hinh 6.3.
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fix)

Him logarit chudn

; ; -
Kl f.

Hinh 6.3 Ham mat do phan phéi logarit chudn
Bay gio ta tinh dén thanh hinh tru, Kha nang tai nén F, xdc dinh
theo céng thic o)A, trong dé A la tiét dién ngang clia thanh duge cho la
don dinh. Gia sif ring tdi trong tdac dung F phén phéi theo quy luat chuin
vl gid tri trung binh mp va sai léch binh phuong trung binh S;.
P& xac dinh xdc sudt lam viée khéng héng Ry d4u tién ta xdc dinh
ham trang thdi giéi han:
Y=F;,—F
trong dé Fy,, = o)A,
Xdc suat khéng héng la xdc suit Fiy > F:
Ri=P(Y >0 =PF;;,,-F >
Trong truéng hop nay ham phan phoi ciua F),, khong la phan phéi
chudn (la phan phéi logarit chudn) trong khi dé F 1a phan phdi chuan. Mic
di gia tri trung binh va sai léch binh phuong trung binh ¢é thé xac dinh,
tuy nhién ta khéng thé cé dudc 1&i gidi tron ven d€ xac dinh mat dd phan
phoi coa Y. Khi dé ta c¢6 thé gidi bai todn bing mé phéng Monte Carlo.
Trinh tu giai nhu sau:
1. Tao cdc gid tri o, mot cdch ngau nhién (st dung théng tin phan
phdi xde sudt § trén) va tinh Fy,, = ¢ A.
Tao ngau nhién c4c gid tri F si dung phan phéi xé4c suit.
TinhY=F,,-F.
Luu cde k&t qua tinh Y.
Lap lai cdc buée 1-4 dén khi nao tao diy di cac gid tri Y.

S oo N

In cdc gid tri m6 phong trén gidy xdc suit logarit va st dung dé thi
dé du dodn xdc suit hong. Khi sé luong cdc gid tri md phéng tuong
dadi ddy duq, xdc suat khéng héng hodce d6 tin cay duoge xdc dinh theo
cong thic:

SalinY >0

R=— — {6.1)
Tong 56 mdphong N
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Phén tich db tin cdy phuung phdap md phong
Ta c6 thé bd qua mdt s§ giai doan, nhung trinh tu duge thuc hién

nhu trén.

6.1.2 Tao s& ngiu nhién

S6 ngiu nhién c6 tng dung trong nhidu linh vic: mé phong, trd chai,
mat mé, théng ké mAau, danh gid tinh toan sy di chuyén nguyén tif, notron.,
tinh két cdu. C6 nhibu cach dé tao s& ngiu nhién, tuy nhién mai cich cé
nhitng vu diém va nhuge di€m khéc nhau.

Tuy thudce vao cdc img dung khéc nhau 6 3 loai chudi s ngau nhién
duge sit dung:

Chudi s6 ngdu nhién that: Chudi s6 phat sinh bing mét ti€n trinh
ngau nhién that su.

Chubi ngdu nhién pseudo: phat sinh bing mot qua trinh bit chudgc
qué trinh ngiu nhidn, c6 bé ngoai trong gidng chudi ngdu nhién that nhung
khdng thé thod man tdt ci cac yéu ciu quy ludt cia si¥ ngdu nhién, né cé
khd nang lap lai mau. T4t ca chudi s6 ngau nhién hién tai duge tao bing
cdch si dung thuit toin nay.

Chudi ngdu nhién guasi: La diy sé duge tao ra ma khéng doi hoi
tudn thi nghiém ngat quy luat nglu nhién, nhung né quan trong dé xic
dinh truée tinh chat cGa chudi ngdu nhién. Chui ngdu nhién quasi xac
dinh nhd sy dién day tinh lién tyc cha khéng gian phan tan. Cho vi du, xét
khong gian s6 nguyén [0, 100} chudi quasi sé dién day khéng gian la 0, 1,
2, ..., 99, 100. Mot chudi khace 1a 100, 99, 98.... 2, 1, 0 hoac 23, 24,... 98, 99,
100, 1, 2, ... 21, 22.

Co sd cda tat cd trinh tu mé phéng Monte Carlo 1a tao cdc s6 ngiu
nhién phén phéi n&m trong khodng tir 0 dén 1.

56 ngau nhién pseudo u, theo quy luat phan phéi déu cé thé duge tinh

ra tif chudi sd nguyén ducng x; theo bidu thie:
X

u =L (6.2)
m

trong d6 m la s6 nguyén 16n nhat ma dj lén cda né xac dinh béi gidi han
cua mdy tinh sit dung.
Mot chubdi s6 ngdu nhién gid 1ap c6 thé dugc tao biing méi quan hé:
X, = (ax;+ b)mod m) (6.3}

trong dé: x;,; 14 s6 du khi chia ax;+b cho m; a va b la s& nguyén duong bat
k¥ nam trong khodng 0 dén m-1.
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Né&u n; 1a ky hiéu cho phan nguyén ti s6

n; = int cger(

Loom

ax; -:—!W

i
’

m

(6.4)

Tir day suy ra s6 du x,; duge xdc dinh theo céng thice:

X, = 4%X; +b — mry

Bdng 6.1 Gid tri

mé phdng s6 ngdu nhién phén phéi déu

(6.5)

ndm gida 0 va 1

b Chudng 6
Sl-— | e6 nghia la;

1 2

i

4

5

8]

7

) 9

.(lUEORUQ 04133127

0,000 130

(.678368

{.749901

(L0044 10

(1. 78OX960

1.758240 (145651 |

0430489 0701210

(3. R0DO6T]

(.920742

0.413284

0.620277

0483521 0127167

{1.486504

0.519569

(1661201

0.054749

0663642
0044418

0326391 0.469284
0091293 0.80683 |

0042076 (1.302696

(L6255035

(0.618134

0339370

1.643761

(L8E4529

0411232 0.244232 |

0.102127 (.848404

0.059792

0.447358

0.709465

0.973251

0.214172

(1336700 0117424

0.767555 0.482552

0.875122

(L929855

{LAAIRG6

{.879158

0.306175

(L378148 (1012344

0420074 0739807

(L407494

(035835

0.406410

(1437418

(1488541

0.724930 0.764931

0.428215 1.939995

(1.242844

U927

(1864120 0.406845

0217110

0.408165

0.050140

R EELE

0.181557 0.714058 0.461121

(.820256

164749

0.830219)

.348950 (436852

(L321907 0936745

0.416229

(L267532

(1.292862

0. 735605

0425713

0.268181 (.278061

1L.056335
(.285545

(1257020

0.517487

0.176140

0.199074

01.605721

0812794

0.0347 14

(0.164230 0.820680

(L.082779

(LOHBOO6O

(. 237000

0.731834

(0. 180244

0.252235 0.150665

(1.626602 (,.802200

L

{).972084

0.417351

(1944023

0.078903

(1.542847

(LUSRTIY 0603935

0.257607

0407539

(L929993

0.629135

{)ORE022

(1OXDNEN

0875816

(3.240444) 1,766434

(1325116 0053955

(1.292442

0.048347

(1.340630
{1.¥3J885

0.128220

0.217522

0.645370

(1656311

0602882

(L630726

(1753250

0.502945 (474098

1.713894

.297356

(1.794635

0.369514_0.812866

(.824715

01164748

0906517

0.215714

.O84869

(.249817 0118675

(13637160 (L2358686

(L916412

{).834976

0.6450960

0.241737

0. 133049

LAIROTH 977463

{L084225 (1942963

{).256401

0.247719

11.945030 (0.545250

0A0618

0.0528206

A).741640

0461363

(1.839462

0834824 0.225166

(1074585

(3210533

0.56385(1

0,409645 0947723

1.059280

0.478653

0.275002

(.732109

(1557487

0.075180

(0.514099

0925934 0.481071_ _

0.05429% 0.773933

(LE75488

(1R33N

(1357834

(LRY1243

(.298973

116480 0,778259

(0.568016

(1.OKX6250

11.3657401

0744659

(613663

(1406639 0411148

(L253616 0.5373841

0075310 0123955

1.938522

[ 0.995102 0.947250

(,822945

(1633423

0115807

0912811

LIT71367

(L.651894

(L716377 (LO55237

1.7400385

01587303

().U63348

0610840 0191124

Trén bang 6.1 1a

b =4109 vam = 131072, xp = 1; 6t 3,6, 9:a =33, b =17 vi m = 131072,

Xy = 0.

bang s6 ngiu nhién tao theo cong thic (6.1)+(6.4)
vaiedt 1,4, T:a=181,b =309 vam = 131072, xo = 13; cdt 2, 5, 8: a = 233,

Khi tao s8 ngau nhién can chu y:

Da 58 cdc bo tae sd ngiu nhién doi hoi ngudi su dung nhap gid tr

hat giéng. D6 14 s& nguyén va s dung thi tuc d& bdt dau gidi thuat

md phaong. Khi chon gid tri hat giong khde, ban ¢d thé tao tap hgp
cdc 80 ngAu nhién phan phdi déu khde. Do d6, khi ban chon ciung

mdt gid tri hat giéng thi ban c6 thé tao tap hop cde 8 ngiu nhién

phén phéi déu nhu nhau.
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Phin tich dé tin ciy phudng phiap md phong

2. Khi su dung cac b tao $6 ngdu nhign cin phai cdn than. Vi mét vai

gidi thuat e6 két qud tot han.

6.1.3 Gia tri bién ngau nhién phan phéi chuin

Tu cde s6 ngau nhién phan phai déu trong khodng tir 0 dén 1 trén
muc 6.1.2 ta xdc dinb cde bién ngiu nhién diu vao theo phan phdi cho
trude. Vi phan phéi xde sudt chudn déng vai trd quan trong trong phan tich
dd tin cay cia k&t cdu, khd nang mé phéng cdc bién ngiu nhién phan phai
chuan la rat quan trong. P& tao tap hop cdce gid tri bién ngau nhién phan
phoéi chuan z), z,, ., 2z, ddu tién ta cdn phai tao tap hop cic s6 ngiu nhién
phan phoi déu u), us.., u, phan phéi giita 0 va 1. Sau dé vdi mdi gid tri u, ta
cé thé tao gid tri z; su dung bidu thuc;

z, = O uy) (6.6)

trong dé @' la ham nguge cia ham phan phéi tich liy chudn tiéu chuin.

Hinh 6.4 bieu dién sy quan hé nay bing dé thi. Ta ¢6 thé su dung
biéu thic sau day dé xac dinh ham nguge &'

2
Gy - Ol + sl

z=®lw=-t+ khiu < 0,5 (6.7

T+ dt+asts +d !
trong dé: ¢y = 2,51551; ¢, = 0,802853; e, = 0,010328; d, = 1,432788; d,
= 0,189269; d; = 0,001308 va (=4/-In(u") .

A

us 2y

-
(AR ;
Hinh 6.4
Khi u > 0,5, @ duge tinh theo u* = {1 — u), sau dé ta s dung méi
guan hé sau:
z = o) = -0 (u*) (6.8}
D4&i v6i phan phdi chudn bat ky ta tao cdc gid tri mau nhu thé nao?
Gia sd ring t 6 bign nglu nhién phan phsi chudn X véi gid tri trung binh
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Chudng 6
myx va d5 léch chudn Sy. Quan hé ed bdn giita X va hé s& bién phan tiéu
chudn ¢6 sy quan hé sau:

X = my + 28y (6.9)
Gid st cho trude gid tri mau z; di tao, st dung phuong phdp trinh
bay & trén, gid tri x; tuong dang duye tinh, st dung céng thic:
X = My + 2i8x (6.10)
Tit cdc gia tri bién ngiu nhién ddu vao thu duye ta xdc dinh gia tri
cdc bién ngau nhién dau ra y; theo ham trang thdi gi¢i han Y = g{X). Sau
d6 xdc dinh gid tri trung binh v sai léch trung binh dai lugng ngiu nhién:

N N
my :ﬁg)’i va Sy = \/ﬁ;(yl - my)z

Vi du 6.1

Sti dung mé phéng Monte Carlo dé xdc dinh (¢ng sudt trung binh va
sai léch binh phuong trung binh Ung suit va ham trang thai gidi han tai
diém B truc truyén dong hinh 6.5. Gia tri cdc dai lugng ngdu nhién phan
phai theo qui luat chudn vdi my = 181380 mm, St = 18138 Nmm, mye = 792 N,
Spe = 79,2 N, my, = 111,078 MPa, Sqin = 14,871132 MPa.

Fs
F[‘
A B
= *, — b
© |
L]
a 5 b fa
- ——— __I_ S J
Hinh 6.5

Ham trang thai gidi han truc tai vi tri B:

3 a a kl
g(x) T TG Oy — —ZIJ;’_F: + 0.75T"
md -

= G — 1(1‘-‘\/1 15281T° +0,10674166T"

S& dung mo phéng Monte Carlo dé xdce dinh gid tri trung binh va sai
1éch binh phudng trung binh. S& dung md phéng Monte Carlo ¢& fim 10 gid tri
cla gidi han moi oy, tai trong F v mémen xodn T. Diéu d6 ddi hdi ta phdi cd
30 56 ngiu nhién phin phéi déu trong khodng tir 0 dén 1. Ta l1dy theo cdc cot 1,
2 va 3, moi ¢dt 10 58 (bang 6.1). Cic dai lvgng nglu nhién xdc dinh: F5 = 792
+279.2. T, = 181380 + 18138 va Gy = 111,078 + 214,871 132,
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Bdng 6.2 Két qud tinh theo phén phdi chuén cho N = 10

STT u, £, F.. u, Z, 0 [ 7. o1
10000l 12047039 pan SU0S [0.033127 [-1%37114 ] 1442363040 [0.000130 |-3.652920 1 3121607
T [I6TRIGR (046271 [845.3710 [0.749901 [0.673577 | IK9T72.6946 [0 (HH410 |-2.619369 | 6815335
3 [0TR6RYG [ 0795493 J84T 4004 [0 758240 [UTNATT | [9RKOR.ASAS {0.145653 |-1.055275 | 93 7Ra7%
2 1430489 - 74783 R3DTTI0 OANRI0 [0 527487 | 1782097820 {0NORAT1 | 0865550 | 13526212
S 0920792 | [4I0AT [774.6778 [0.413284 [0 218715 | 206966.7336 [L620277 | 0305771 | 11608842
6 0665642 11427474 |756.4400 [0.32659] [-04489)5 | 189133.5244 |0.469284 |0076877 | 08 IKIR
7 |UARIS2T 0041208 FOLTI4E (127167 [ 1139965 | 1806325755 |04R6S04 |-033748 | 111153503
B |0S19569 | 0048942 8248922 |0.661201 |0.415305 | IR2267.7126 |(LUS4749 |- 1600799 | R4.84500
9 0044418 |- 1701943 6864231 [(L091293 [-1333042 | 1S0SI0.1608 [H0BRTL | DBG6EIS | 12527170
100042076 |-1.727470 [751.1123 [0.302696 [0.516259 | IS0047.1507 [0.625565 | 0319680 | 1 1A.31687

Gid tri trung binh va sai 1éch binh phuong trung binh ciia tng suat

o x4dc dinh theo céng thic sau:

5

a3

mg

S5 =

el

m,

= 1 a; = 63.379409 MPa

10

Z(Ui - n1n)2

N-1
Két qua tinh theo phuong phdp mémen thich hgp:
- Gi4 tri trung binh:

12

ad

b2F% +0.75T2

rl

=7.077554 MPa

3
2 \/902.7922 +0.75.181380% = 65,078 MPa
0-.

n3
- Sai léch binh phuong trung binh:
2 2
32.90°F 24T+
= Skr2 =S
nd* b2 +0.75T nd* fb?E2 +0,75T
2 2
32.902792 _ 813
32.90%.79 792| + 24181380 18138

n303J902,?922 +0,75.181380°

=5.5095 MPa

- Hé s8 bién phan:
v, = 0.08466

Tt303\/9(]2?922 +0,75.1813802

Dé danh gia do tin cay ta x4c dinh gid tri eda ham trang thai giéi
han, khi g(X)<0 thi chi tiét bj héng, Bai todn trén c6 2/10 trung hop g(X)
< 0. Khi tién hanh vdi 6 thir nghiém N 16n ta s& thu duge két qud chinh
xdc. Dua theo trinh tu tinh todn ching téi lap chuong trinh mé phéng
Moecsim {Monte Carlo Simulation). Céc sé liéu thu duge véi cac s8 thit
nghiém N khde nhau cho trong béng 6.3.
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Chuong 6

Bang 6.3 Bdng so sdnh theo phan phdi chudn

| S6 thi nghiém N=10 | N=100 N=1000 | N=24900 | N=100000
Gia tri trung binh 63,379409 64,552621 65,345245 65,177480 65,17004
Sai léch binh 7,077554 5,853604 5,5691907 5,499560 5,498242
phuong trung binh B
Do tin cay 0,80 0,97 0,992 0,9956225 0,99616
Két qua duge minh hoa biang cac hinh 6.6.
: 5 -

I S6 héng héc = 3
Sé mo phong = 100
Ndc suat !16]13 =0,03

1

Mién hong

S6 hang hoc =2
S6' mé phong = 10
Ndc sudt héng = 0.2

Mién an toan Mién héng

Mién an toan

alN=10 bl N = 100

St hang héc =384
S6 mo phong = 100000
Ndc sudt hong = 0,00384

S6 hong héc= 8§
S6 mé phang = 1000 |
Nsc suat hong = 0,008

Mién an toan

Mién an toan

I N = 1000 o 41 N =100000 r2
Hinh 6.6
S6 thir nghiém can thiét N dé dat do tin cdy R = 0,996 xdc dinh theo
cong thic:
R 0,996

N = e = 24900 tha nghiém
vi(1-R) 01%(1-0996)

6.1.4 Gia tri bién ngiu nhién logarit chuin

Gia st X 1a bién ngiu nhién phan phéi theo logarit chudn véi gid
tri trung binh my va sai léch chudn Sx. D€ tao gid tri mau x;, dau tién ta
tao gia tri mau u; clia s6 ngau nhién phan phéi déu 0 < u; < 1. Sau dé gid tri
méu z, phan phéi chudn tiéu chudn dugce tinh theo cong thic (6.3). Cudi
ciing ta ¢6 su quan hé gia bién ngiu nhién phan phéi chudn va logarit
chudn, ta thu duge x; theo biéu thiec:
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X.I :C(mllh‘("'zlsln)\'} (611)
Gid tri trung binh va sai léch binh phuong trung binh caa InX:

S =lnlvi +1) = v ivéi vy < 0.20) (6.12)

b s .
M,y =lnmy _;Sr_n.\' = Inmy (vdi vy < 0,20) (6.13)

Neéu xap xi quan hé theo bidu thuc (6.12) va (6.13), phuong trinh
(6.11) c6 thé duge vist lai nhy sau:
{G.14}

X =mye” ™
Vi du 6.2

Giai bai todn nhu vi du 6.1 vdi tai trong F,, v mémen xoan la cac
dai Jugng ngéu nhién doc lap phan phéi theo qui luat logarit chudn.

Céc gid tri mod phong cua F,, va T duge tinh theo cong thaic:

X, =mye " vit v, = vp=0,1

Cu thé 1a T; =181380¢""" va F,,, =792¢"" Cdc két qud tinh trinh

bay trong bang 6.4.

Bdng 6.4 Két qud tinh theo phan phéi logarit chudn cho N = 10

ST ", 7 - 1, Z T u, 7, T
| [REENSEND] -2 IMTR Y UM L IIERIT (LA 147702 0704 [ A o $.h52424 SE2 60T
J AT iARITI T 200 1 T NATIRIT 1R KRG AL I X et ME ERTIS
4 1, TN D) T R T ORI 14305 177 01asnst | ] asITs EEREEE
Bl R S TATHY A3 Kusd | LTl 2 ALSITANT 174217 1203 1h REIRET ] LR RERS S 12526112
5 V0T 14T T34 RESY | 1L A28 1318315 AT 1 H2277 11305773 IR
t U bhSha 11127174 7472322 | 3265yl [ dangl s IRYII AGDE | 368 SLLTRETT 1w Al %K
7 ARAS2] [EXEETRGL] TORGTON §OILI2TINT -1 iens TR 114 | 1n48RS 013744 IS 2503
H S S NI K25 SHAK b 1L6f] 30| UEIREIA | K2 200 HEAS 111547949 -] AT AT
t [SRSERERYS 1411933 A AR BRI O] -1 3iind [ R (3 MR ] 1LNAA] 35 12527170
1t (L2 TR -] T2T4M 732, 149K | 1k A0 S S 1A25 152600, |54 1L M25505 IR L] 11H. 31087

Gia tri trung binh va sai léch binh phuong trung binh ctia ting sut
o xdc dinh theo c¢ong thic sau:

m, = %Zci = 63,764479 MPa
S, = M = 6.765801 MPa

N-1

Dya theo trinh tu tinh todn ching t6i lap chuong trinh mé phong
Mocsim (Monte Carlo Simulation) Cde s8 lidu thu dude vai cac s& thi
nghiém N khac nhau cho trong bang 6.5,

Bdng 6.5 Bdng so sdanh theo phdn phéi logarit

S6 thit nghiem N=10 N=11} N=1{1H) N=24901) N=TOOH)
Gid (i trunyg binh 63.704479 64887591 5683729 63,502357 65445242
Sai 1éeh binh phauting trung hinh 6, 705401 5,82887) 5,669233 5560178 5,554703
B lin ¢y R 0RO 97 11,992 (1,995 1406 (},995% |
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Chudng 6
6.1.5 Trinh tuv téng quit dé tao gia tri bién ngau nhién tix mét phan
phéi bat ky
Trong cdc muc trude ta tinh dén tao cac gid tri miu cla cac bién ngau
nhién cho mét s& ham phan phéi trong phan tich do tin cay két cdu. Trinh
tu téng quat cé thé 4p dung cho bat ky dang phan phdi nao.
Gia sif ring bién ngau nhién X vdéi ham phan phéi tich liy Fy(x). Dé
tao gid tri mAu x; cho bi&n ngau nhién ta thue hién theo trinh tu sau:
1. Tao gi4 tri mau u, cho bién ngiu nhién phan phdi giita 0 va 1.
2. Tinh gi4a tri mAu x; tit céng thite sau:
x, = Fe'{u,) (6.15)
trong dé Fy' la ham ngugc ciia Fy.
Trinh tu trinh bay & trén la téng quat. Tuy nhién trong mét sd
trugng hop rat khé xdc dinh ham ngugcFy' clia ham phan phoi tich lay.

6.1.6 D$ chinh xic cua xac suit du doan

Trong trudng hop sit dung két qua mé phéng dé du dodn xdc sudt
héng thi xdc suat du doan cang chinh xdc khi s méu thd cang ldn. Trong
phan nay ta chi ¥ dén sy lién quan giita sy thay d8i c(ia xdc suit dy dodn
va 50 m6 phdng.

Xdc sudt hong du dodn tinh theo céng thic:

Fon 6.16
v ( )

trong dé N la téng s6 md phdéng va n la s8 luong {trong téng s& N) chi tiét
bi hdng.

Diém dy dodn F goi la “dy dodn mau”. Theo cich nay gi4 tri trung
binh tinh todn s& khic nhau qua mdi lan thit. Khi dé xdc suit dy dodn dugce
xem nhu la bién ngau nhién véi gid tri trung binh, sai léch chudn va hé s&
bién phéan.

Gia st F), 1a xdc suat 1y thuyét chinh xdc la ban c8 ging dé tinh F.

Khi d6 ky vong toan, phuong sai vi hé sé bidn phan xdc dinh theo céng

thae [36]:
e ' 1-F,
my =F Sp =§[F“(l —F“)] suy ra v = NGF,) {(6.17)
Tit d&y suy ra: .

(] _FII) R
N = =
vi(F) vi(1-R) (6.18)
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Phan tich d6 tin cay phudng phip md phong

Ta thay rang su thay dai trong du dodn xdc suat giam di néu s& mé
phong tédng lén. Tit cde quan hé nay ta xac dinh bac nhiéu mé phoéng can
thiét d€ du dodn x4&c suat va gidi han mién thay ddi cda xac suAt.

6.2 PHUONG PHAP LAY MAU THEO LATIN
HYPERCUBE

Phuong phap mau ngiu nhién va mé phéng Monte Carlo da trinh
bay la mot cong cu manh va hitu ich dé€ phan tich xac suat. Ngoai ra trong
vai trudng hgp, déi véi bai todn phan tich cuc k¥ phde tap va thai gian can
thiét cho mdi lan thd rat lau. K&t qua la thoi gian cdn d& thue hién vai
tram hodc vai ngan méd phdng thi khéng thé kha thi.

Phuong phdp ldy miu Latin Hypercube 14 mot trong cdc phuong
phap dé gidm s8 m6 phdng d& thu duge két qua hop ly. Trong phuong phap
nay pham vi cdc gid tri ¢6 thé ciia mdi bién ngiu nhién nhap vao duogc
phén chia thanh nhiéu doan va mdi gia tri tit mot doan duge chon mat cdch
ngau nhién nhu la gid tri dai dién. Cdc gi4 tri dai dién cho mdi bién ngiu
nhién sau d6 duge két hgp vdi bién ngau nhién khac, sao cho méi bién dai
dién tinh dén mot va chi mét lan trong qua trinh mé phdng. Trong trudng
hgp nay tat cd cac gia tri ¢6 thé cha cac bién ngdu nhién duge trinh bay
trong mé phong.

Trong trudng hop cu thé gid si ring ta cAn md phéng caic gid tri
cla ham Y moé td bing phuong trinh:

Y = fiX,, X, ., Xp) (6.19)
trong dé: fX,, X,, ., Xk} 12 mdt ham den dinh (nhung khong thé biét rd
dang) vdi X; (i = 1, 2, .. K) 14 c4c bién ngau nhién diu vao.

Cac buge co bdn cua phuong phap ldy mau Latin Hypercube bao gdm:

1. Chia mién cia médi bidn X; thanh N doan. M3ai doan chia cé xdc
sudt xudt hién X; la 1/N.

2. Cho méi bién X; va mdi doan (trong N doan), chon ngiu nhién gia
tri dai dién trén méi doan. Trong thuc té& néu s6 lucng doan ldn
thi tAm diém (gia tri trung binh) cita médi doan duge sit dung, thay
vi ding cdc mau ngiu nhién,

3. Sau budc 1 va 2 ta ¢6 N gia tri dai dién cho K bién ngiu nhién,
Ta c6 N¥ su két hop c6 thé cia cde gia tri dai dién nay. Muc tiéu
ctta 14y mau theo Latin Hypercube la chon N két hgp sao cho mébi
gia tri dai dién xuat hién mét va chi mot 14n trong N su két hop.

4. Dé nhan duge su két hop ddu tién, ta chon mat cdch ngiu nhién
mdt trong nhiing gia tri dai dién clla mét trong K bién ngiu
nhién. D& nhan sy két hgp thit hai ta chon ngau nhién méat trong
N -1 gia tri nglu nhién con lai cha méi bién ngiu nhién. D& nhan
su két hop thif ba ta chon ngdu nhién mét trong N-2 gia tri ngau
nhién con lai cda méi bién ngiu nhién. Tiép tuc qué trinh lya
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chon d&n khi nao ta ¢6 N sy k&t hop cde gid tri coa cde bién ngau
nhién diu vao.

5. Udc lugng phuong trinh (6.19) cho mbi N sy két hgp cde bién dau
vao da tao ¢ trén. N6 chi dén N gid tri cia ham, cde gia tri nay
duge xem nhu lay; i=1, 2, ., N

Trinh tu nay cung cdp di lidu md phéng. Sau d6 ta st dung di lidu dé
du dodn xde sudt hofic cde thong sd thong ké ciia Y. Cde cong thite duye suf
dung phé bién bao gém:

(Gid tri trung binh dif dedn ciaY =Y = Zy (6.20)
1=1
Mémen biac m ude lugng cua Y = Z(V e (6.21)
N =l
Ham phan phéi ude luong Fy,,, = W (6.22)

Vidn 6.3
(Gidi bai todn trén vi du 6.1 thee phuong phdp Ay mau Latin
Hypercube, Tim gid tri trung binh va sai léch binh phudng trung binh Ung

sudt:
= %_ |'b F” U?ST“ =10 \[Il'\leF“ +{.10 674]661'

I*cl R
Bii toan ¢d hai bién ngau nhién, de dé K = 2. Gi4 tri trung binh va
sai léch trung binh mpg= 792 N, Spe= 79,2 N, mr = 181380 Nmm, S
= 18138 Nmm.
D& giai bai todn ta dinh 4 doan cho méi bién vdi cde 86 liéu cho
trong bang 6.6:

RBing 6.6
Fry, phan phai chuan (- 7392} | (739,2, T92) (792, 844.8) 1844 .8, + »} __I
I T. phan ph(g'_i__L'._}_lué'n i, 738,24 | (169288, 181380) | (181340, 193472) | 1193472, + =) |

Trong cdc doan nay ta chon cac gia tri dai dién nhu bang 6.7:
Bdng 6.7
| F... phan phéi chudn | (710) (750) [ (815 (875) ]

T, phan phai chudn | (150000) (175000) | (188500) (212000) |
(6 tat ca N* = 4% sy két hop gitta cdc gid tri trén, ta chon 4 su két
hop véi didu kién mdi dai dién chi xudt hién mt lan:
(F.., T) = (710, 188500}; (750, 150000); (815, 212000); (875, 175000}
Tucong 1ing moi cidp sd ta tinh gid tri o:

o, - 10‘-‘-\/1 152.81.710% + 0,10674166, 1885007 =66,1355

7y =10 & \,/I 152.81.750% + 010674166 150000° =66.6425

o — |()--‘J1 152818157 + 010674166.2120007 —74.5843

124



Phin tich d4 tin ¢4y phuong phip méa phong

o5 = 1071152818757 + 0,10674166.175000° =64.4328
Uée lugng gia tri trung binh (ng suét:

i
n, = Z((}(m.l_"ﬁﬁ + 66642574 5843 + 64.432K) = 67,9488 MPa

Gia tri nay gan véi gid tri tinh bing céng thue xAp xi, tuy nhién
chn sai 0 vi s& doan ta chon chi co 4. )
6.3 PHUGNG PHAP DU POAN DIEM ROSENBLUETH

Cdc bai toan phie tap ban con ¢é thé st dung phuong phap du doéan
diém. Mic du ¢6 nhidu phuong phap, nhung phuong phap 2K+1 duge dé
xuét bdi Rosenblueth la thuc hién dé nhit. Phuong phap nay dugc xem nhu
phuong phap mé phéng N = 2K+1, véi K 14 bién ngau nhién diu vao. Y
tudng chinh la ude lugng ham s8 tai 2K+1 diém chd chét va sau d6 sit dung
théng tin nay dé uéc lugng gia tri trung binh va sai léch binh phuong trung
binh (hé s& bién phén) cia ham sd. Tuy nhién ham phan phdi tich liy
khong thé thu dudge tir phuong phép nay.

Gia sU ham Y dugc md ta béi:

Y = fiX,, Xu, .., X (6.23)
trong dé: f{ ) la mét ham don dinh (nhung khong thé biét ro biéu thic) va
X, (i=1,2, . K)la cac bién ngau nhién diu vao.

Cdc bugc co ban cia phuong phap 2K + 1 bao gém:

1. Xde dinh giad tri trung binh (my) va sai léch chuin (S cho mai
bién ngau nhién nhap vaoc K.

2. Dinh y, nhu la gia tri cla phuong trinh (6.23) khi t4t ca cac bién
dau vao déu ¢6 gia tri trung binh, nghia la:

v = flmy, myy,.., mxg) (6.24)

3. Udc lugng ham Y tai 2K diém bd sung nhu sau: cho mdi bién ngau
nhién X; ta udc lugng ham tai hai gid tri cia X; 12 my + Sy, khi tat
cd cdc bién con lai déu gan gia tri trung binh. Céac gia tri clia ham
thu duge ta goi la y va y;:

y, = flmyy, my,, myi+Sy,.., Myk) (6.25a)

y; = flmy,, myy, my-Sy;,. ., mxk} (6.25b)

4. D& vdi moi bién ngiu nhién, ta tinh hai dai Iugng sau day:

= Yty ¥i -y,

]

TSRS [V e A (6.26)
2 Ty,

5. Ta tinh gid tri trung binh va hé s8 bién phan u6c luong clia Y theo
cac cdng thace sau:

(6.27)

Phuong phap nay cé hai uu diém. Thit nhat la khong cdn bist qui
luat phan phdi cla cac théng s8 ddu vao, chi cdn hai mémen (gia tri trung
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binh va sai léch binh phueng trung binh). Th hai 14 s§ lugng mé phéng
tuong d6i nhé so véi phudng phap mé phéng Monte Carlo va 18y mdau Latin
Hypercube.

Vi du 6.4

Giai bai todn trén vi du 6.1 theo phuosng phap dy dodn diém
Rosenblueth. Tim gid tri trung hinh va sai léch binh phuong trung binh
Ung suat:

32

6 === BT+ 075T? =107 1528 1F +0.10674166T
md - '

1. Gid tri trung binh va sai 1&ch trung binh my.w= 792 N, Sir.= 79,2 N,
my = 181380 Nmm, S = 18138 Nmm.

2. Tinh:
32 k] =2 s 2 o - )
O, =— 7 S+ O75T = ‘\/9()“.792” + 075 181380 = 65,078 MPa
et a3y
3. Udc lugng ham tai 2K = 2(2) = 4 didm thém vao:
A Y ; R R > ;
o =— b“(}* + 8y ] +0.75T- = l\/L)U 7924792 + 0,75, 181380 = 66,232 MPa
nd’ & 3
I Iy P e 3
o= \/h‘(b‘ = Sya [ +075T7 = =2 002,792 -79.)% + 0.75.181380° = 64011 MPa
- = T30

P A = 2 X 7902 2

o} =—1—T\/b*}4 +0.75(T + S¢)° =—2~0—3\/90 7922 +0,75.(181380 + 18138)” = 70,484 MPa
I .
3

2B 05T :_ 32 202 2
7 Jb'F" +075T - 8 =-—}-h—f\/90 J92° + 075181380 - 18138)° = 59,758 MPa
!

GE =
nd

4. Cdc gia tri trung binh va hé s8 bién phéan:

5, = 20 _ 65,0215 MPa
5, = 2272 65121 MPa
+ -
G, —3ad
Vo = ——L = 0,01705
Gl +G!
v =279 08235
1 63 +a;3

5. Udc lugng gid tri trung binh vi hé s6 bién phan cho (ng suit o :

2 —
&= G‘,H[—Z—i«] - 65,1645 MPa

i=py 0

I[ B
Vv, = \hr[(l vl ;}—1 = 008412
i=1

Suy ra sai léch binh phuong trung binh:
5,=685,=5,481638
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6.4 PHUONG PHAP BE MAT DAP UNG

Trong nhiu dng dung ky thuat viée uée ligng ham trang thai gisi
han tén nhiéu thi gian va céng ste. Phan tich su thay d&i cdn nhidu cac
ude lugng nay. Mot 1o gidi cho bai todn nay 14 tao mé hinh thay thé dé
thay th& cdac ham trang thai t6i han ban diu. Khi ude luong hodc danh gia
ham thay thé sé tén it thoi gian va cing sie hon la ham trang thai gidgi
han ban dau. Qud trinh thay thé nay duge thuc hién béng phuong phap bé
mat ddp ving. Khi da thu duge ham thay thé thi ta sé sit dung cédc phuong
phép di khdo sat nhu mé phéng Monte Carlo, x4p xi chudi Taylor bac
nhat, xap xi chudi Taylor bac hai.. dé phan tich d& tin cay.

Trong phuong phdp bé mat dap Ung ta cidn phai xdc dinh dang
phuong trinh thay th€ (bac nhat, bac hai), cdc diém thue nghiém va tim cac
hé s6 chua biét cia mé hinh thay th&. Ham thay thé can phai chinh x4dc so
v6i mé hinh ban dau va cdn s§ thuc nghiém it nhat, Mé hinh bé mit dap
ting thich hgp cho cdc mé hinh nay, mé hinh nay cé dang da thic. Phuong
phdp bé mat dap tng chia ra; bd mat dép tng phan tich, bé mat dép iing
thiét ké&. Khi thiét ké& phan ra: bé mat ddp ung toan cuc va cuc hj.

Trinh ty tdng quit cha phuong phap bé mat ddp tng:

1. X4c dinh bién thiét k& (bién dAu vao) va bién dap ing (dau ra),

2. Xac dinh diéu kién gidi han cla cac bidn thist ké,

3. Quy hoach thyc nghiém, bao gbm: s¢ thue nghiém, cic miic bién
thigt k&, sy két hop cdc bién thidt ké va dang bé mat ddp «ng.
Ngoai ra ta ¢6 thé sit dung cdc phuong phdp thit Latin Hypercube,
md phéng Monte Carle d€ tién hanh thue nghiém.

4. Tién hanh thuc nghiém dé thu csc bién dap dng tai di€m thigt k&
xdc dinh & budce 3.

5. Xdc dinh cdc hé s& chua bigt cia mé hinh hé mit ddp dng va thuc
hién cac phén tich khdc, vi du phan tich ds nhay.

6. Sif dung mé hinh bé mat d4p ting d& phan tich do tin cay.

Xét yéu td duge ky hiéu 1a 2, ta cé:

o R Ity
A /'I + Zi
‘) -

=1k (6.28)

trong dé: Z{- mic cd s6, 7™ - mic cao, Z"" . mic thap.

Céc gid tri ma héa x;va Z; 6 méi quan hé sau:

%4 (6.29
X, = .29)
1 A7
AL 7.'.”"“
véi A7, :~—"—j~'— duge goi la khodng bién thién cia yéu té Z, tinh tis

miic co sd.
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6.4.1 Thyec nghiém yé&u té titng phan
Phuong trinh héi quy tuyén tinh ¢6 dang:

N
y=h, + Zhﬂh (6.30)
1=
| ™
vGi b, :EZWI i=1,2...k (6.31)
1=k
trong dé: k 1a s6 y&u t& ddc lap, N la s6 thi nghiém.
Vi du 6.5
Sit dung phuong phap bé mit dap dng dé thay thé ham (vi du 6.1}
32 v 1 5 -1 - B 3 3 N .
o =—,b"F° +0.75T" =10 1152 81F° +0.10674166T° bing ham bac
TE(]A i1 \/ !
nhét.

Thuc nghiém duge thuc hién véi cde s8 liéu cho trong bang 6.8:

Bing 6.8 Ma trén quy heach 2 yéu t6

| Cac y&u t6 theo ti 1& ty nhién Cac yéu 16 trong hé ma hoa

| STT F. T x| x X s
1 | 10296 | 235794 | + * v | 84,5977
2 1029,6 126966 + + - 54,2474
3 554 .4 235794 + - + 79,3034
4 5564 4 126966 + - - 45,5226

Xsc dinh cac hé s§ phugng trinh hdi quy tuyén tinh:
I © 845977 + 54.2474 + 79,3034 + 45,5226
by, = EZ-“HJY_'; =

= 6591775
4
1=!
N
1 4.5977 + 54,2474 - 79,3034 — 45 5226
b= oYy, - T L = 3504775
N : 4
£
™ .
H4,5977 - 54,2474 + 793034 — 455322
b, = L,Z*:_m _BS07T -S4 AT 475220 16 032775
N = 4
Phuong trinh hdi quy ¢6 dang:
G = 6591775 + 3504773% | + 16,032775%,
Thay thé cdc gia tri:
F,-702 . T — 181380
= va k= —————
2376 b 534414
vac phuong trinh trén ta cé:
F ., - 792 ~ 1813
o =0591775 + 3504775 1= Lk + 16032775 Lﬁiﬁ
2376 54414

o = (179258 + 0.0147507361 , + 0,0002946443T

Gid tri trung binh va sai léch binh phuong trung binh:
m.= 65,9177 MPa
S, = 5,47046 MPa
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Néu xét md hinh day dd hon thi phwong trinh héi quy tuyén

tinh day &1 c6 dang:

\,—h”{ZhX +th Xy

[NTE
I"ll

Céc hé 86 xdc dinh theo cong thue:

trong dé: k la =6

Vi du 6.6

Gidi bai todn 6.5 v6i mé hinh tuyén tinh day du.

N

|u
a-r

(1

N

,i,u:l,'Z,...

 k

véu to doc lap; N 1a s6 thi nghiem.

(6.32)

{6.33)

Thite nghiém duge thue hién véi cde $8 liéu cho trong bang 6.9;

Bing 6.9 Ma trén quy hogch 2 yéu t6

_Cidc yé&u to theo ti 1é Ly nhién

Cdc yéu té trong hé ma héa

STT E.. T Xn X; Xy XXy 8] |
1 [ 10296 | 235794 + ] + ¥ + | 84,5977 |
2 | 10296 | 126966 + |+ - - | 54,2474 |
3 554,4 | 235794 + - + - 79,3034 ;
4 554,4 126966 + - - + | 45,5226 ;

Xdc dinh edc hé s phugng trinh hdi quy tuyén tinh day du;

b =

N

Z[M-“:}Ji

=1

Phuong trinh héi quy cé dang:
o =6391775 + 35047T75%, + 16.032775x, — 0857625x,x,

Thay thé& cac gia tri:
Foa =792
L

"7 oa7e

X

e = 0857625

T - I8I3K
54414

vao phuong trinh trén ta cd:

Foa—
o = 6391775+ 35047751
237

-ty

792
— = 4 16032775
£

181380
LU PY Fa
54414

6 = —RT30S8AT F ON26TR2I12F , + 0000347 181337 - 6,63346.107° TE,

Gid tri trung hinh va sai léch binh phuong trung binh:
m,= 65,91775 MDPa

S, = 5,47046

MPa

6.4.2 Phuong 4n thue nghiém cap 2
Phuong trinh héi quy béc hai eé dang:

129

—792‘1 'I___—lblv.su
2376

A sdd1d

|

A



k k
y=h,+ Zbixj + zb
i=] 1=

k
2y 4]
WX wXi%y

i<
u=i

Téng s6 thi nghiém chinh: N = 2%+ 2k + ny
Cac hé sé phuong trinh héi qui duge x4c dinh (theo qui hoach dang

Chudng 6

{6.34)

B):
N KN
b, =KIZY|_KZZZxﬁyi (6.35)
i=I =1yl
N
_ K;in_-,yj (6.36)
i=l
N
biu = K(\ijllxlljyj (637)
i=l
! K N
bj; =K4Zxﬁyi+Kﬁzx{,yi _KEZ)’_: (6.38}
=1 : =1 i=1
Cac hé s6 K| ~ K4 cho trong bang 6.10.
Bang 6.10
K Dang quy hoach thuc nghiém B
] B, (k=2, N=§) B; (k=3, N=14) B, (k=4, N=24) B; {(k=5, N=42}
K, 1,25 0,40924 0,22917 0,15821
K. 0,75 0,15624 0,0625 0,0332
K; 0,6667 0,1 0,05556 0,02941
K, 0,5 0,5 0,6 0,5
K; 0,25 -0,00375 -0,10417 -0,0918
Kg 10,25 0,125 0,0625 0,03125
Vidu 6.7

Gidi bai todn vi du 6.5 v6i md hinh phuong trinh héi quy bac hai.
Ta tién hanh thye nghiém theo phuong 4n quy hoach dang B véi
ma tran quy hoach 2 yé&u t6 theo bang 6.11:

Bdng 6.11 Ma trén quy hoach 2 yéu td

STT | Céc y&u td ty nhién | Céac y&u t8 trong hé ma hoa
Frp T Xy X1 X3 XXz G
1 1029,6 | 235794 + + + 84,697729
2 1029,6 126966 + - - 54,247405
3 554,4 2356794 + - + - 79,303444
4 554,4 126966 + - - + 45,552623
5 1029.6 181380 + + 0 0 68,802098
6 554.4 181380 + - 0 0 62,177080
7 792 235794 + 0 + 0 81,595499
8 792 126966 + 0 - 0 49,435117
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Xac dinh cdc hé s§ phuong trinh héi quy:

N K N
by =K, D ¥i-Ky > O xly, =65.079597
=1

1=l )=
N
by = K3 D %y, = 3435749476
|

N

2 = K3 D Xy, = 160,43908847
=1
N
2 = Ko DX Xa,y; = 085012426936
i=t
N

by =Ky ) %y +K ZZ xly, - K22y|—04099922641

i=l 1=I

i

K4Z X3y, +ngz 2y, K Zy,_omsmz?zo

=1 i=l =1

Phuong trmh héi qui bac 2 cé dang:
y = 65079597 + 34.35749476x%,+ 160,43908847x, + 0,4099922641x,*
+ 0.4357112220%," — 0.85012426936x%,

Thay céc gid tri ma hod vao phuong trinh trén ta duge:
y = 0,098283 + 0,01488306F,,+ 0,00029354T +0,0000072624 Frzz
+ 0.0000000001T% - 0,00000006575 K., T
(14 tri trung binh va sai 1éch binh phuong trung binh:
m,= 65,079597 MPa
S, = 5,21356 MPa
Tir cic md hinh thay thé vita nhan duge ta dé dang danh gia dé tin
cay két cdu.

6.5 KET LUAN .

Ta c6 thé sir dung cdc phuong phdp mo phéng s6 dé danh gid do tin
cay két cdu mdy va chi tiét may, tuy nhién dé dat 4o chinh xdc mong muén
thi cdc phuong phap trén doi héi khéi ligng tinh toan lén. Do d6 chi thich
hgp Uing dung l4p cic phan mém tinh todn trén mday tinh. Déi véi cdc mod
hinh tinh phic tap ta c6 thé si dung phuong phép bé mat dap tng dé thay
thé chiing bing cdc phuong trinh hdi quy bac nhat hoic bac hai, ti d6 sir
dung cdc phuong phép xdp xi dé d& dang phén tich hoidc thigt k& theo dé
tin cay.

6.6 BAI TAP

6.1 Mot dam bing thép c6 két ciu nhu hinh 6.7. Biét ring tai trong F va
cutng df tai trong q la cac dai lugng ngdu nhién déc lap phan phéi theo
qui luat chuin véi mg = 40000 N, Sp = 4000 N, m,= 50 N/mm, S;= 5
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N/mm. Kich thuéc thanh b = 60 mm va h = 100 mm duge che 1a daun
dinh. Médun dan héi vat lieu thanh E =2,1.10° MPa. Giséi han chay:
Mep = 600 MPa, S, = 60 MPa.

- —
-
—— -
ft——

0

b

DN\

1 =1000

Hinh 6.7 Ddm bdng thép chiu uén
Yéu cau

1. Xac dinh ham trang thai giéi han theo dd bén va do cing.

2. St dung mé phéng Monte Carlo dé& tim xdc sudt lam viée khong
héng ddm. V& ham mat do phan bd ung suit o, gidi han chay oy, va
gX).

3. Tim bé mat ddp dng dang phuong trinh héi quy béc nhét, bac
nhit day da, bac 2.

4. Véi bé mat dap dng thu dude, s dung mé phéng Monte Carle xac
dinh xdc sudt lam viée khong héng cho timg dang bé mat va so
sanh k&t qua cau 1,

5. Su dung phuong phéap ldy mau theo Latin Hypercube va du dodn
diém Rosenblueth dé tim gi4 tri trung binh va sai léch binh
phuong trung binh dng suat.

6.2 Cac s6 lidu nhu bai tap 5.3.
Yéu cau:

1. Stt dung mé phéng Monte Carlo d& tim xdc sut lam viée khéng héng
truc. V& ham mat d6 phan bé Ung suit o, gidi han moi oy, va gX).

2. Tim bé mat dap dng dang phuong trinh héi quy bac nhat, bac nhét
day di, bac 2.

3. Vdi bé miat dap dng thu duge, st dung mé phong Monte Carlo xdc
dinh xdc sudt lam viéc khong héng cho timg dang bé mat va so sénh
két qua cau 1.

4. St dung phuong phédp lay mau theo Latin Hypercube va dit dedn
diém Rosenblueth dé tim gia tri trung binh va sai léch binh phuong
trung binh g suat.
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CHUONG 7

THIET KE VA PHAN TiCH KET CAU
THEO DO TIN CAY

Trong chuong nay ching ta phéan tich va thigt k€ cac k&t ciu trén co
8¢ dé tin cdy theo cde chi tiéu kha nang lam viée. Giira cdce chi tidt co khi,
két cdu cong trinh va cde hé thong hoac linh kién dién — dién td ¢6 su khie
nhau ré rét. Pa s cdc linh kién va hé théng dién, dién tir bi héng do ting
nhiét d6 trong qud trinh lam viéc hoac ede Iy do tuong tu. P$ tin cdy cda cdce
linh kién dién va dién tir lién quan dén tusi tho cua hé théng. Thai gian chi
tiét bi hong la bién ngu nhién chd yéu trong truong hgp nay. Ngudge lai, cde
chj tiét co khi va k&t cdu xay dung bi hong xay ra khi do bén (hoac d6 cung,
d6 bén mon.) nhé hon gia tri tac dung. Ngoai ra ¢ sy khac nhau la cde hé
thong dién, dién ti duge sdan xuat hang loat véi s6 lugng 16n va do d6 ching
dong nhat. Vi 1y do tén tai véi s6 luong lén cde hé théng chudn déng nhat
nén cé thé giai thich xdc sudt hong ede hé théng dién trong gidi han eda tdn
suat lién quan. Cdc hé théng co khi va két cau xay dung khéng duge san
xuat hang loat, cho nén cdc di liéu vé ching bi han ché. Do 46, phan tich do
tin cidy cia may va cac k&t cdu xay dung ¢é thé thiéu rat nhiéu kidn thie
lién quan dén co tinh vAt lidu va cdc ban chat sy thay ddi cda tdi trong téc
dung trong thoi gian lam viéc.

Nhu ta da biét trong cde hé thdng phdce tap, su héng hée cia mot
phan tud dan dén cde hau qua rat nghiém trong. Do dé nhiém vu chi y&u cua
ky su thiét ké va chuyén gia vé d¢ tin cay la chon cdc thong sé chi tiét mdy
va két cau tot nhat cho hé thang co khi khi tinh dén ede nhan t§ nhu: gia
thanh, dé tin cay, khéi lugng va thé tich. PE dat duge muc tiéu nay cdn phai
tién hanh ude lugng do tin cay cdc phdn t trong giai doan thiét ké&.

Ngoai dd bén, khd nang lam viéc cla chi tiét mdy dac trung bsi mot
loat cac chi tiéu quan trong khac nhu: dé bén mon, d6 cing, dé chiu nhiét,
dé 6n dinh dao déng, do chinh xdc ...

Cdc bai todn trong chuong nay duge tinh todn theo cac phuong phdp
xdp xi da trinh bay trong chuong 5 va bing chuong trinh tu thigt lap
RADME. Khi thiét ké s dung phuogng phap mémen thich hop, dé d4nh gid
d6 tin cady su dung phuong phdp tim diém xic suit 1dn nhat (MPP).



Chuong 7

7.1 PHAN TiCH VA THIET KE TREN cO sG pO TIN
CAY THEO PO BEN

Tinh toan tién hanh theo cac chi tiéu riéng biét véi cdc dai luong
gidi han cia ching: dic trung dd bén (gidi han bén, gidi han chay, gidi han
mdi), tai trong gidi han, tudi tho, chuyén vi téi han (do dan hdi, mai mon,
nhiét d6), d6 chiu nhiét cia dau va vat liéu, tdn s§ va bién dd gidi han cda
dao déng, d6 8n dinh déng luc hoc ...

Cac dai lugng gidi han cho trong cde bang tra citu duge xdc dinh
bang con dudng thuc nghiém hodc qua qud trinh s dung.

Pai lugng tinh toan L khi tinh todn d6 tin cAy theo tidu chuin bén
la dng sudt tinh toan hodc tai trong. Tuong (mg vdi cdc dai lugng gidi han S

la gi6i han bén, gi6i han chay, gidi han mdi hoiic kha nang tai.
10 148)

fs}
'I!l}
- Céc nhan t& 4nh hudng Géc nnan td Anh huding s
d&n ung sudt dén 48 bén
gy} Tap liung ung suat i} Anh hudng kich thude
g,iv) Ant hudng nhigt dé Lix) D6 nham bé mat
gy, Anh huéng 1ai frong %) Phuang phdp nhuyét luygn

Hinh 7.1 Duong cong phéan phéi dé bén va ung sudt

Co sd danh gid d¢ tin cdy 14 méi phan tif ¢6 49 bén nhét dinh so vdi
tdi trong tdc dung. Phuong phdp thiét k& thong thuong, dua trén viéce si
dung céc hé s8 nhu hé s6 an toan di khong quan tam dén x4c suat héng cia
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phan ti. Mdt vai nha thiét k&€ cho ring héng héc cia phan td ¢6 thé leai trir
néu nhu ta chon hé sé an toan cao hon mot gia tri nao dé. Trong thuc té khi
chi mdt hé s6 an toan thi xdc suit héng cta chi tiét cé thé thay déi trong
mot pham vi ddng ké.

S dung hé s6 an toan ¢6 thé ding trong trudng hgp khi ma gia tri
cua né dua trén co s6 kinh nghiém lam viéc nhiéu nim trong diéu kién
tuong tu vdi didu kién khi thiét k& Ngoai ra, cdc tham s6 k&t cau 12 cde dai
lugng ngiu nhién ma vdi cac phuong phap thidt k& thong thudng ngudi ta
khong tinh dén.

Hinh 7.1 trinh bay diic tinh ngiu nhién cGa cdc tham s& thist k& khi
xdac dinh d¢ bén va dng suat. N&u nhu cac phan phéi nay duge xdc dinh thi
cé thé tinh todn x4c sudt lam viéc khong héng cta chi tigt. Hinh 7.2 trinh
bay so d6 tinh theo phuong phdp nay. Khi tinh toan dAu tién ta xét d&n anh
hudng coa cdc hé s¢ diéu kién lam viée, béi vi ching 1A cdc nhéan t& quan
trong khi tinh todn {ng sufit va do bén. Khi tinh toan d6 bén cidn chu y tinh
chat cua vat lidu sit dung va phan phéi xdc suit cla cdc nhan t8 nhu phuong
phap gia cong bé mat, d6 nham bé mat gia céng ... Khi tinh todn g suit
can phai tinh dé&n cédc dir lidu théng ké vé tai trong va cdc nhén t8 anh
hudng dén \ing suat nhu tip trung ung suat va nhiét d ... Sau dé tinh todn
gia tri ung suat, do bén va cic sy phan phéi cia cdc dai luong nay. Theo su
phédn phéi nay ta sé xdc dinh d6 tin cdy cla chi tiét ma cu thé 1a xac suét
lam viéc khoéng hong.

Céac dir liéu théng ké ] . Cac di lidu théngl-] + -
vé tai trgng, thay d8i Emh togp ké vé ing suat e ;:-)ngr:izny
tai trong va phan bo ng su vaphanbé | '

Céc dit lidu théng
ké vé db bén
va phan bg

M3ilien hé d8n ||  Tinh tean cac ) .
cac phdn t, hé théng |- hé s8 4nh hudng Tc;';hbtgsn
con va hé théng khac [™] didu kién 1am viéc )
Cac dit lidu thng ké Cac dir lidu théng
vé hé 86 Anh hudng ké vé vatliéu va
didu kign lam viéc sy phan bé

Hinh 7.2 So dé tinh todn thiét k& theo do tin cdy
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D€ sit dung phuong phdp nay mét cdach ¢6 hiéu qua cac ki su thist ké
cAn phdi ¢é dAy di théng tin vé phan phéi dé bén, cé cac dir lidu lam gidm
chi tiéu bén va cde dif 1idu vé& phan phdi tai trong ...

Qua trinh phan tich d6 tin cay bao gdém cac bude sau:

1. Tién hanh thié&t ké so ba.

2. Banh gid anh hudng cac nhéan t& bén ngoai.

3. Phan tich cic phudng an sd bd cia hé thong, bac gdm tai trong

tdc dung lén cdc chi tidt va sy phan phéi efia chiing.
Chon vat liéu theo co tinh va phan tich gia thanh.

5. Dac tinh dd bén va tai trong ph4 hiy bao gém céd cac phan phai
cua chang.

6. Ugc luong gia tri do bén cia chi tiét va tai trong pha huay, cac
gid tri nay phu thudc vao co tinh vat liéu, hinh dang hinh hoc
cta chi ti&t va tai trong téc dung.

7. Tinh todn do tin ciy theo do bén va tdi trong pha huy.

Néu ta khdao sat ké hoach day di bao dam do tin cay khi thigt ké thi
bao gém cdc bude sau:
1. Dat vian dé.
2. Xac dinh cac tham s8 k&t c8u hedc hé thing.
3. Phén tich tinh chéat, hé qua va miic dé quan trong cita héng hée
{hong héc cac phan ti giy nén hong héc cia toan bd hé thang).
4. Kiém tra tinh chinh xdc viéc chon lua cdc thong sé quan trong
nhat.
5. Dinh dang ti s6 giita cde tham s8 tdi han va cdce tiéu chuin xéc
dinh viéc xudt hién cac héng hac.
Tinh todn Ung suat lam xuat hién héng héc.
Luta chon phan phél dng suat lam xuat hién hong hée.
Tinh toan d¢ bén lam xuat hién héng héc.
Luya chon phan phéi dé bén lam xuit hién héng hée.
10. Tinh todn cde chi tiéu d$ tin cdy lién quan dén cac phan phdi
nay lam xudt hién héng héc d4i vdi mbi dang héng téi han.
11. Chu trinh thiét k& lip lai vdi muc dich ddm bao dé tin cay cho
trude.
12. Téi wu hoéa k&t cdu theo quan diém cdc chi tiéu lam viée, gid
thanh, khéi lugng.
13. Chu trinh t61 uu héa lap lai déi véi ting chi tiét quan trong cha
hé thong.

14. Tinh toan cde chi tidu quan trong cia hé théng.

© o Mo
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156. Lap lai cac bude viia ké vét muc dich t6i uu héa dé tin cay coa hé
théng.

7.2 THIET KE VA PHAN TICH THEO HE SO AN TOAN
TRUNG BINH

K&t cau va chi tiét mady duge goi 14 an toan va ddng tin cay khi gia
tri gigi han theo chi tiéu tinh (d9 bén. ciing, bdn mon...) vugt qua gia tri tinh
todn. Do dé, dé€ tinh todn d6 tin cAy cua két cdu va chi tiét may doi héi cac
hiéu biét vé ban chat ngiu nhién cta dé bén z (hodc dé cing, do bén mon..)
va Ung suit y (hodc dé véng, lugng mon.). Néu nhu ham phan bd xac suat
cha chung duge bigt 1a fi(z) va fy(y} nhu hinh 7.3 thi d§ tin ciy eha chang
duge ude tugng bang cac biéu thie tich phan. Trong céc truong hop ma Z va
Y phén bé theo qui ludt chuéin, logarit chudn, ham s& mit, Weibull... cdc cong
thic tich phan ¢6 thé riit gon thanh cac dang don gidn. Haim g(Z, Y)=Z - Y
goi l1a ham trang thdi giéi han, chi tiét an toan khi g(Z, Y) > 0, bi héng khi
glZ, Y < 0.

b6 tin cay cda chi tiét khi xdc suat dd hén vuat quéd Ung suat vai tat
ca gid tri c6 thé cua ing sudt (dd vong, lugng mon..) duge xdc dinh theo cdng
thue;

e

J.yl(z}dz dy = j!‘g(y)llﬂl';](y)ldy (7.1)
:

s

R=P(g>0)= Idl{ - Ii‘gty

-,

Ngoai ra, biéu thie cia dé tin cay cé thé thu duge biing cdch tim xac
suat cia ung sudt duge 1y gid tri nhoé hon gia tri ciia d6 bén. Khi dé do tin
cay duge xac dinh:

R=Pg>0= IdR= Jl‘l(z{ J.fg(y)dy]dz: Jl‘,(z)l"](z)dz (7.2)

Feey 13 i)

g2le-v)

|T|‘ . L R __.7_.__‘\_

Hinh 7.3
Gid st dd bén (Z) va (ng suat (Y) phan bd theo qui luat chudn theo
céc ham mat dé phan bé saw:
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Lo,y iy, r
. L T L 2%
fily= e & va taly}= —v N LA Y (7.3)
8,42n S

trong dé: m, va my ¢é nghia la gid tri trung binh; S; va Sy 14 sai léch binh
phuong trung binh cta cdc dai lugng ngiu nhién Z va Y.
Khi d6 d6 tin c4y cia phén tif ¢6 thé biéu didn bing bidu thie:
R=Plg=2-Y>20)=Pi{g=0) (7.4)
trong d6 g = Z — Y 1a bi#n ngiu nhién méi.
Vi Z 12 ham bac nhat theo cdc bién ngéu nhién phan bd chudn, do dé
g cing phan bd theo qui luat chuin, Ham mat d6 phan bs cia dai luong
ngau nhién g (hinh 7.3) duge xdc dinh thee céng thitc:
tem, ¥
-

— ¥ R _:x;{g(-x (75)
SL.‘\-'IZTE

lg)=

Néu Z va Y la cde dai lugng dae ldp, gid tri trung binh va sai léch
binh phuong trung binh ctia g ¢é thé xdc dinh thec cdng thic:

_ - fe2 ) 2
my =m, - my va §, = /8 + 5

Do dé biéu thifc (7.4} ¢6 thé viét dudi dang sau:

g o emg?
R=P(g=0)= j’t‘(g)dg N A (7.6)
A - g—m,
Néu thay thé: z, = S = (7.7)
He
v6l z, goi la diém phan vi chuédn.
D6 tin cay 6 thé x4c dinh nhu sau:
I o
R = - Ic Ydz =1 - d(g) (7.8)
Jan !
.f.l
0-—m, Y —
Khiz=0thiz = s_ Mz Ty _ . (7.9)
Sy J‘?E +Sy

Vi cdn dudi z, ta c6 thé xdc dinh theo gid tri trung binh va sai léch
binh phuogng trung binh céc dai lugng ngdu nhién Z va Y. B$ tin cay cua chi
tiét xdc dinh bing ecdch tra bing theo gid tri z, thu duge theo cong thue
(7.9), Nguge dau z; ky hiéu B goi la chi s6 do tin cdy.

Trong trudng hep téng quat ta si dung phuong phdap mémen thich
hap vad MPP (chuong 5) dé thi&t k& va phan tich theo d9 tin cdy. Khi d6 d9
bén Z v dng suat Y 1& ham s6 nhiéu dai lugng ngdu nhién Z = (2, Z,,.. Z.,)
= (X, Xo, X)) v Y = £50Y), Yo, Y= (XK1, Xinszs Xiek) ta s dung xap xi
bac nhat hodc bac hai cia ddy Taylor dé€ xdc dinh gid tri trung binh va sai
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léch binh phuong trung binh m, va phuong S, cia ham kha vi g(X) = g(X,,
Xy, X,) v6i1 cde bién nghu nhién déc lap X, Xo,., X, va n = m+k,

Gia su Xy, Xy,., X,, phan bé theo qui ludt chudn c6 gia tri trung binh
m = (M, Myy,., Mx,} v& sai léch binh phuong trung binh 8 = (8, Sy.,.. 8
xn). Sau dé khai trién g(X) = g(X,, Xs,., X,,) thanh chudi Taylor:

gX)=L{X)= gix®, x*;, ..., X% )+

. w | 1 .
bolxy m“}+[t—b [T -mx1]+___+[ff- X, — Mg} 17.10)
' i_;X: m ) f"x m

U
s

- . L

-

gX) =~ LX) = gX)+ » ‘)f
A
i=1

b

+

(x, -m, )= g(X*) + Vg(m)(X*-mn)" (7.11)

m

N&u ta khai trién chudi Taylor tai gid tri trung binh cdc dai lugng
ngau nhién (x7,x5,.,%x, ) = (My, My,.., my,) thi gid tri trung binh m, va sai
l1éch binh phuong trung binh S, xdc¢ dinh theo ¢fng thuec:

my = gy, Myy, ..., My, )= glm)

kl

|| N 2 - = o 2 [_v" o 2
S = | LE | g2 | B g2, | B 83 = ‘2 —I Sy, (7.12)
i \‘{5X|:| Xl X, X2 X, m Ko ; 6X; I Xi

m m

Xde suit lam viée khéng héng xde dinh theo cong thue:

R =PgX)>0) =1-PgX) <0
{

=1- d:{_m“']:]—d) BN M) | Ly iz = 1 - 0B (7.13)

Hé s8 bién phén‘ hogie chi s6 d6 tin cay:

/) :_B=_g[mx,,n'lxz..,.mm) (7.14)

- (‘Jg : 2
2 B
J;‘: X i Jm :

v6i z; goi 1a diém phan vi va f} goi la chi s6 d6 tin cay.
Khi tinh todn thi&t k& do tin cay két cau trén co sé dé bén thi:
g=Z-%Y
trong 46 Z = f1(Zy, Zy,.. Zy) = (X, Xp,. X v& Y = £2(Y}, Yo, Vi) = B(Xons,
Kezr Kmsk):

Chi 56 d¢ tin cdy B va hé s6 bign phén 2z, xdc dinh theo cong thiic:
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my —my _ Fnympe Mg ) - I‘:(nlﬁ,mﬂ ..... My )

a 2 il i_{'ﬁ'f ‘|1

Ty 1 - 2
s +§ 218y,
P7‘l # \‘AY Jm Y

T N or;
1 2m =l .

21 =-f =

(7.15}

_\/si+s§. z

1=] =

Trong tinh toan thiét k& mot sd két cau hodc chi tiét may dai luong

7 va Y phu thude vao cac dai lugng ngdu nhién Z; va Y, dudi dang ham s6
in k

ma 7= n?,‘l" va Y = l_lYf" véi o, B, 12 chi 86 mil eha nhan t6 i. Khi dé gid

1-1 -

tri trung binh my, my vi h# s& bién phan tuong (ng vy, vy s& biing:
m k

- i, = i3
m, = m., . Mmy = my,

| 1

(7.16}

vdi v, - hé s8 bién phan cla nhan t& x;.

Khi tinh todn theo dé bén, ngudi ta xac dinh d¢ bén theo su lién hé
gilta Wng sudt tinh todn o va ung suit gisi han o, ma néu o > oy, thi héng
hée sé xay ra. Néu ta thay thé 8 = oy, va L = & thi ta ¢é céng thiic tinh
toan quen thuge nhu trong gido trinh Chi tét mdy v Co 56 thiét ké may da
khzo sat 132, 51

Cdc gid tri o vA o), dudc khae s4t nhu la cdc dai lugng ngau nhién
phan phéi theo qui luat chuan. Ung SUdt ¢ va o), duoge dénh gia theo cac
dac trung bing s& sau ddy: gid tri ¢ng suat trung binh G, & sai léch binh

h ¥

phuong trung binh S, va S, hay 12 hé s6 bién phén v,, Vim.

Xdce suat lam viée khong hong theo tigu chuan bén R duge xic dinh
nhu la xde suat sao cho gig tri xdc suat tinh toan o nho hon gid tri tng suit
gidi han oy, tie 1a P (o < o). Gid tri xde sudt lam viéc khong hong R tra
bang theo diém phan vi z, hoac chi s6 da tin cay 1

S-L Tlim —F

Z]:-B:—- /2 > = — ™ 5 (717}
\'SS + 51 \’Srilll +55
n-i
J—E_Vihm + VST
trong d6 & = SLLAN PY hé s6 an toan trung binh,
a

Dé thiét k& chi tift may ta thay th& céng thie xdc dinh o va S,
theo cde bién thiét k& vao céng thde (7.17), gidai phuong trinh ta thu duge
cac kich thude edn tim.
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Trong cac bai toan thiét ké két ciu ta ¢6 thé xiac dinh duge v, Vi
thi tir eong thite (7.17) suy ra:

4

7f(ﬁ2"'n|im +\"f;]:(ﬁ—l)2 {7.18)

Giai phuong trinh theo trén ta tim duge gia tri trung binh hé sé
an toan n, tif diy suy ra o va sau dé 1a kich thude cAn tim.

Tuong tu ta gidi bai todn phan tich va thiét k& trén co sd db tin cay
thec dé bén, dd cimg, dé bén mon, dé én dinh.. duya theo cde dang héng chi
tiét may va két cdu.

Trong chiuong nay ta khio sdt cdc bai todn co ban khi thi&t ké&
thanh, ddm . theo cdc trang thai tng sudt khdc nhau va so sanh két qua
tinh toan theo dé tin cdy vdi phuong phap tinh theo hé s6 an tean (nhu
trong sitc bén vt lidu). Ta khao sat cdc vi du cho ede trudng hgp trang thai
ung sudt don va phic tap, trudng hop Ung suit khéng déi va thay doi.
Théng thudng chi tiét goi la dang tin cay khi xdc suat héong F < 10 457 véi
cde chi tiét héng hée lién quan dén ing sudt, va 10" < F < 10 d8i v6i cdc
chi tidt hdng hac khéng lién quan dan dng sudt.

Trong cdc tinh toan d6 tin ciy theo dé bén ta thudng thay thé S béi
cde dai lugng: gidi han bén oy, bén kéo oy, gidi han chiy o4, gigi han mai
o,... Tai trong L c6 thé 1a: lue tac dung F, mémen xoin T, img suat o..

7.3 TINH TOAN THANH CHIU KEO

Trong muc nay ta khao sat thanh cé tiét didn trdon chiu kéo véi luc
kéo F 1a mot dai luong ngAu nhidn. Pudng kinh d ctia thanh do sai s8 ché
tao cing la mét dai lugng ngdu nhién. Vi tinh chat vat lidu cong la mot dai
luong ngéu nhién, do dé giéi han bén kéo 1a mot dai lugng ngdu nhién.

F G}
— L e el e

Hinh 7.4 Thanh chiu kéo
Ung suit kéo xdc dinh theo cong thuic:
Far 219
A nd- nr
trong d6 A la tiét dién thanh.
Do dé gia tri trung binh ¢ va sai lech binh phuong trung binh S, ¢6
thé xdc dinh tit cong thie (7.19) nhy sau:

F

=2
nr

o= (7.20)
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'
=2 S2 4+~ a’F
, _Sf 4F'S] FTg
Se = n2_4 * 2=6 - 5 —4 (7.21)
T mr mr

Thay thé cac biéu thudce (7.20) va (7.21) vao coéng thdc (7.17) v6i mg

= Ebk,Sstgk, m, = o , S = S, ta cé:

TINH TOAN THANH CHJU KEO
Bt fi S i en

FQGmay (o0 Syi(Numm) §§wu §
Su(MPay (00 T s.0MPa) [ N §
R 0939 s | Z ans iq

| @

E Tho#t

b) Phén tich dé tin cdy
Hinh 7.5
Véi céc s6 liéu ban ddu: F = 40000 N; Sg = 5000 N; G,, = 400 MPa,
Sek = 50 MPa. Ban kinh r la dai luong ngau nhién véi 3S, = ar véi a =
0,017. Véi xéc suat lam viéc khong héng R =0,9999 ta c6 z, = -3,72 va néu o
= 0,015 thi phuong trinh (7.22) sé tr¢ thanh:
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200 4000
-172=— i it {7.23)

5000% + 20.015)2.(40000)2
(50)° + 9 - -

n2f4

Sau khi don gidn phuong trinh ¢é dang sau:
i - 81,217+ 1011,42 = 0 (7.24)

Phuong trinh nay cé hai nghiémf, =3,92 mm va 1, =8,12 mm.

Nghiém cudi cing T, = 8,12 mm tuong ing vdi x4c suat khong héng
R = 0,9999, cén nghiém 7 = 3,92 mm tuong dng véi x4c sudt khong héng
R= 0,0001 (hinh 7.5a).

Néu gidi bai todn nay theo phuogng phép truyén thong véi gia tri tng
suat cho phép [a] thi phu thude vao hé s§ an toan ta c6 cac k&t qua theo
bdng 7.1.

Béang 7.1
Thong 56 n=1 n=2 n=3
[c], MPa 400 200 133.,3
d, nm 11,28 15,96 19,54
r, mm 5,64 7.98 9,78

Phu thuge kich thudc vao 46 phan tan tai trong

Gid su ring khéng thay ddi gia tri trung binh tdi trong, theo bang
7.2 thi kich thuée thanh phy thude va dé phan tdn tdi trong (S,). Mién
thay déi tai trong cang 1én thi kich thuéc cAn lén.

Béing 7.2 Phu thude kich thude vao d¢ phéan tdn co tinh vt lidu

Sr, MPa Bdn kinh r, mm Sp, MPa Bdn kinh r, mm

0 7,72 7000 8,41
1000 7.73 8000 8,87
2000 7,79 9000 8,73
3000 7.86 10000 8,89
4000 7.97 11000 9,05
5000 8,12 12000 9,22
6000 8,26 13000 - 9,38

Phu thujc kich thudc vio dé phan tan co tinh vat liéu

Gid st ring khong thay ddi gia tri trung binh gid¢i han bén vat liéu,
theo bang 7.3 thi kich thude thanh phu thude va do phin tan co tinh vat
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litu (S,). Mién thay déi cd tinh ciia vat liéu cang 1dn thi kich thude cang
1én.

Bédng 7.3 Phu thuéc kich thudce vao dé phdn tdn co tinh vdt lidu

S MPa Ban kinh r, mm I Sok, MPa Bdn kinh r, mm
5 6,84 ‘ 45 7,85
10 6,88 50 812
15 6,94 65 8,42
20 ‘ 7.02 60 8,80
2h 7.13 70 2.80
30 .26 80 11,30
35 7.42 an 14,10
40 7,62 . 100 21,17

Bai todn trén ¢ thé gidi theo trinh tu sau:

Hé s& bién phan v,

(%_] = J0.125% +4.0,005% = 0,125399
L

) O =9 n -1
=~ =—

-2 -2 =22 2
E"n’hk + ‘Sn' 0 Un,,k + Vs

trong dé n = 95K 1a hé s an todn theo Ung suat trung binh.
la)

Dé giai bai toan thiét ké&, nghia la tim gida tri trung binh dudng
kinh d, khi d6 1 va v21a ham s6 cia d. Thay thé cdc biéu thie W va v,

cdng thite xdc dinh diém phan vi va giai phuong trinh theo n .

100

L2p=2.02
/,I(n vy

LHva =@ -7

Tir day suy ra:

Hz{zf\'ih —])+"|1+;1\i =0
73,7197 [ >0 —1)+ZH+3.?}92.(J.1253992—l=(l
400

0,7838910° — 27 + 0,782509394 = 0 .

Gidi phuong trinh trén ta tim duge n= 2,0688718, sau d6 theo cong

thte (7.20) ta tim duge o = 2% = 193,342, tir day suy ra d :
n

- _|4F
d =3~ =1623mm
na
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Su dung trinh tu nay dé gidi cdc bai toan ma dng suat bidu didn
dang tich cac dai luong ngiu nhién.

7.4 TINH TOAN THANH CHIU UON

Trong muc nay ta khao sdt dim cong xén cé ti€t dién tron chiu tac
dung tai trong F, la mét dai luong ngdu nhién. Tiét dién ngang cia dim la
duéng tron ban kinh r 12 mét dai lugng ngu nhién.

r

A i | Y
I~ - ] o

Fa
r

N

-“"r- T"T“— —
Tl

Hinh 7.6 Thanh chiu uén
Ung suét uén 16n nhat xsc dinh theo cong thite:
32 _ 4k

1 1
hll mr

X

o =M_ (7.25)
W

Vi F,, a va r la cdc dai lugng ngéu nhién, do d6 ta xac dinh gid tri

trung binh o va sai léech binh phucng trung binh S, theo cdc c¢éng thic
sau:

~ 4F.a
o="112 (7.26)
nr
o 32 ~ 32 PYRN
si=[ s, f] 33+(£) 52
&k, éa or
o [42 Vo [4EY o (12Fa)
2= 3 S‘+[£J SH[IZ“:JJ §? (7.27)
nr nr nr
Thay thé cdce gid tri vao cong thie (7.17) ta cé:
- 4Fr;
Uh_'_ _'_'i'
e ’ nr (7.28)
s faa | F)o [12Fa) e
82, + 4; Q;r+[4_;] Sf+[--—_;dJ S:
nr r nr
3 2Tt -2 TEa =l-2 o, = - — -3
2y Spmr +16(a Sg, +F S, +Fra o) =4Fa—ounr (7.29)
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U3 I
Pt r =t va binh phuong hai vé&, sau khi rit gon ta cé phuong trinh
bac hai sau:
342 2 T2 3.2 - T2 FRan - Trhad JTRDY X BT
(z Sqym” —Obm )" +8Frachmt +16(a S, +F, S, +Fra o” ~Fra )=0 (7.30)
bat A = (szihf —onn’); B = 8F,acen va

—2-2

C=16@S% +F, S?+Fraa’-Fia)

V6i céc s6 lieu ban dau: F, =8000N, Sy, =1000N . Khodng cach a la
dai lugng ngau nhién véi a=1000 mm, S, =5mm. Vi tinh chat vat liéu cing
]a mot dai lugng ngiu nhién, do d6 giéi han bén uén o, la mot dai lugng
ngiu nhién véi o, =600 MPa, S_, =50 MPa . Véi xdc sudt lam viéc khong héng
R=0,9999 va r la dai lugng ngiu nhién véi 3S, = ar véi o =0,015.

Thay thé& cdc gia tri da biét vao phuong trinh trén véi z, = -3,72 khi
R = 0,9999, ta co:

-3211792,30133868t* — 120637157913,6 t - 1.007744,10'" =0 (7.31)

Giai phuong trinh trén thu dugce (hinh 7.7):
ty = 25022,6 suy ra r; = 29,25 mm tuong ing R = 0,9999
va t, = 12540,3 suy ra rp = 23,23 mm tuong ung R = 0,0001.

K&t qua: Ban kinh thanh la r = 29,25 mm tuong ng v6i xac sudt khong
héng R = 0,9999.

TINH TOAN THANH CHIU UON

Tinh toan thiet ke

| Du e dou vao Hink mrh hos
FolNomy (000 S, O¥m) 1000
almmy: (1000 o S, imm): {5
I ”
SiMPa) BN S (OMPy [
" T — 7 — Fa
> joms
et qua b loan 2 fiac bt qus trung gan
| plumm) 79 2480129230761 R e
nimmy 73 ZI2B0 2142003 TR
i B h2emernie
1

Hinh 7.7
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Do iing sudt tinh todn xde dinh bing tich cac dai lugng ngiu nhién,
cho nén ta c6 thé st dung cac cong thic (7.16, 7.17, 7.18) dé gidi bai todn
thiét keé.

7.5 TINH TOAN THANH CHIU XOAN

Mot thanh tiét dién tron ban kinh r mét dau duge giir chat, mét dau
chiu tde dung mémen xodn T. Biét ring mémen xoén T, ban kinh r va tng
sudlt cdt gidi han 7. 1a dai luong ngédu nhién.

T

7 [
A A

N\

Hinh 7.8 Thanh chiu xodn

Khi thanh chiu xodn, tmg sudt xodn duge xdc dinh theo cong thaic:
T IeT 2T (7.32)

Wy nd?
trong d6: T 1a momen xodn, W, 14 mdémen ¢an xcin.
Tu cdng thic (7.32) ta xde dinh gia tri trung binh va sai léch binh
phuong trung binh theo cong thic sau;
S 2T

2 (7.33)
nr
{2 (3)
€T cx
S - [_ZTJ sz {_@14] s? (7.34)
fr’ r

Thay cdc gia tri 1 va S, vao cong thuc (7.17):

T, ~t

VSL +S;

Vi du véi cdc s6 lidu dau vao: T: 800000 Nmm; St= 80000 Nmm.
Xdc dinh ban kinh dam tai tiét dién nguy hiém véi xac sudt lam viée khong
héng R = 0,9999. Biét réng ban kinh R 1a dai lugng ngau nhién véi 38, =

LH=—

ar va o = 0,015, (ing suat cit gidi han c6 gi4 tri trung binh E =240 MPa va
sai léch binh phudng trung binh S . = 20 MPa . Ta e6:
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2402, 300000
-309=- hid

(20) +[2.-?9_‘.;9“] (+100a%)
nr

Khi o« = 0,015 vao phuong trinh trén va sau khi rit gon ta cé:

- -3
% 34941481 +23689 =0

Gidi phuong trinh nay ta thu dugc hai nghiém: r1 =15,12mm va
r> =10.734mm (hinh 7.9). Ta chon gid tri ri =15.12mm tuong ung vdi xdc
suat lam viéc khong hong la R = 0,9999.

Tinh toan thiet ke r Tinh loan xac sual
B o e v Pl LEsd. A £ %1 . Hinh ek hoa - ]

FIASAATIOAN T TE D4

Thoét i !

Hinh 7.9 Thanh chiu xodn

7.5.1 Phu thuéc kich thude vao sai l¢ch binh phuong ban kinh

Né&u thay déi gia tri a thi T, sé thay doi theo bang 7.4.

Bang 7.4 Phu thuée R vao o

Ban kinh r, mm 14,68 14,69 | 14,70 14,78 15,03

F, 0,001 0,010 0,020 0,050 0,100

7.5.2 Phu thuoc kich thude vao do phén tan vat liéu

Khi ta thay ddi sai léch binh phuong trung binh gidi han bén cit,
thi kich thude ban kinh thay déi theo bang 7.5.
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Bdng 7.5 Phu thude ban kinh vio d9 phdn tdn co tinh vdt lidu

i Sai lach 54, MPa [ Bénwkjnh . nuu ' Sat léch S, MPa | Ban kinh T, mm
¢ ’ 14,07 30 15,46
5 14,11 35 15,97
10 14,25 40 16,59
15 ._ 14,48 45 : 17.34
20 : 14,70 41y 18,29
25 ’ 15,04 nh 19.50

7.5.3 Phu thuéc kich thuéde vao dd phan tian mémen xoin

Né&u ta thay dai gia tri sai léch binh phuong trung binh tai trong S,
thi xde suat lam viée khéng héng sé thay déi theo bang 7.6.

Bang 7.6 Phu thude ban kinh vao dé phan tdan mémeon xodn

Sai léch S, MPa Ban kinh . mm ! Sai lgch 8¢, MPa | Bdn kinh 1. mm
0 1421 | 100000 14.90
20000 11,24 i 150000 15,43
40000 14, 35 l 200000 15,97
60000 14,51 250000 16,48
80000__ _ 14,70 300000 ] 17.34

7.6 TINH TOAN DAM CHU I CHIU UON

Ta khao s4at dam cé cdc goi tua tai cde diém A va B nhu hinh 7.10.
Khéi luong dam khéng dang k& Tai trong F, chidu dai dam 1 va khoang
cdach a tir diém dat lue dén diém cudi A 13 cde dai lugng ngdu nhién. Xac
dinh kich thudc elia dam vdi xdce suat lam viée khdng héng la R.
Momen udn lén nhat:
Fa(l — &)
o
Ung sudt 1¢n nhat sinh ta trén mat cdt ngang dim chr 1 tai phan

M= {7.35)

trén va phan dudi cung cia dam va duge xde dinh theo eéng thic:
Me M
0 =— = -=—
I W

trong dé: ¢ - ing sudt sinh ra trong ddm; M — moment uén; ¢ — khoang cach

{7.36)

ti dudng trung hoa dén thé ngoai cing; [ — moment guan tinh mit cit
ngang cua dam 461 véi dudng trung hoa.
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WLJ'H \LUUU’

'-_f]I 0\

Hinl 7.10 Dcim chiu udn

Tl cdng thic (7.35) ta xdc dinh gid tri trung binh moment udn M
va sai léch binh phuong trung binh Sy theo céng thic:

M= F a(%—a)

-z — - -2 — = —2—4
a (I —a)? F
SM:Jd(Tza) S§+P(I_I_2Q)S+ LY

"
&
!

e

a) Bién dang thép chi I
Déi véi bién dang Wx8x67 thinh 7.11) ta eé:
Ll'. d b

=888 —=157. —L =092
t 1 d

1

t.= 0,06369d; b,= 0,92d; t;= 0,10364.

Do dé:

wol_ b -(by —t)d -2y
c 6d
Gid sif ring sai léch binh phuong trung binh cta kich thuée d 1a S, =
0,01d, khi d6: W=008223" v Sy = 0,002466 .

=0,08224°

Hinh 7.11 Mgt cdt ngang cia thép chi I
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Gia st cdc sd liéu ban dau: F = 40000N, Sr = 4000 N; 1 = 3000 + 90
30 mm; a = 1000 + 30 mm, tic la a= 1000

mm, tic la 1=

3000 mm, S,

mm, S, = 10 mm.

Xac dinh kich thu6e cia dam véi xdc suat lam viéc khéng héng la R
= 0,999. Biét rang dam dugc ché thao tif thép dinh hinh c6 gi6i han bén G,

= 890 MPa va S,, = 89 MPa.

Theo cong thic (7.36) ta cé:
_ 32947201,1946 M

=1

Pa

_33947201,1946

: -
Sy = L—28i1+[_“§'
w w

= -3,09. Tir phuong trinh:

Suy ra:

O'h-—O'

'\Ilsczyh +5g

Z]-_—‘*

-890 +
-3.09=

2
§2; =
] a

Tuong Ung v6i xdc sudt lam viéc khéng hong R = 0,999 ta c6 z,

324412003,244

———
d

2
33947201.194
[_ e —6] +(89)°

3

TiNH TOAN DAM CHU | CHIU UON

d.imun)

Tinh toan thist ke

T S.0MPay i
fown - 2 [Fe
|3, T3 50631 P24

(61 0290085549072

¥ Tirks toan v s

- Hink, mirh g

fa—

,
&
B
Fe
Q=
he Faied

¥t aa bung g
i Siouiin) B vy

< AEnmGE ML fnmnj
JMMete [ Tes | s mwmoeE g
Hinh 7.12
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i
Bat 1= %. sau khi don gidan va giai phugng trinh ta thu duge d,
ME
= 83,33mm va d, = 61,03 mm (hinh 7.12). Ta chon d = 83,33 mm tuong ing

v6i xdc suat khong héng R = 0,999.

7.7 TINH TOAN THANH UON DQC

Mét thanh truyén co6 chiéu dail va dubng kinh d chiu nén béi luc F.
T4i trong uén doc téi han Fy, xdc dinh theo cong thde:

Fy = 50 (7.37)
;

trong dé: E la mddun dan hdi; I — mémen quan tinh mat cit ngang,

Tinh todan dudng kinh thanh véi xdc sudt lam viée khong héng R

= 0,999. Sai léch binh phuong trung binh dudng kinh: Sq = ad= 0,014.

Piém phan vi trong trudng hop nay s& xdc dinh theo cong thic:
Fin ~F

(7.38)

trong dé: Fu, Spy, la gid tri trung binh va sai léch binh phuong trung binh
clia tai trong udn doc téi han; F | Sp la gi tri trung binh va sai léch binh
phugng trung binh cda luc nén.

Vi thanh c6 ti&t dién tron, do dé:

= nd?
64
Thay gid tri vao cong thie (7.24) ta co:
n'Ed”
th = ———
641

Gid tri trung binh va sai léch binh phuong trung binh cta tai trong
uén doc téi han duge xdc dinh:

-~ w'FEd «*21.10°d"

SLILEL 9 - 01017393454
6dl” 04,1000

th —

, F. N o (OF Y .» (OF Y .
S",- — Lh S'} + th S‘ + th S”
Fih (ﬁﬁj It L 81 ] 1 Lﬁd d

R P A P

2 n 2 e 2 2

SFin = S| SgH|— | Si + 33 S5
641 641 641

N&u thay thé cic dai lugng ngiu nhién trong bang 7.7 ta thu duoc:
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Bdng 7.7
, Pai lugng Gia tri trung binh | Sai léch binh phuong trung binh 1
Luc nén F, N 30000 3000
Chiéu dai thanh 1, mm 1000 20
Médun dan hoi E, MPa 2,1.10° 2,1.10°
. p 5

3 ) 3 574 : 3 53 2
Sto =|| =4 | @1.10% +[ ﬂi‘q_d] 202 4| A€ 2040°d7
64.10007 | 6410000 ) 64.1000

2 =% [ 2 2 2 1

. {5 2qf = —2 3 - \l bl t

Sy~ LT E |('—W 10 “+[—| 2{12+[1J 0.01% |
(64.1000% ) \ 1000 ) ]

TINH TOAN THANH UON DQC
Tinh toan thiet ke Tmhtoan wac qust

Du Lie Daws Yoo Siiey Yoot Do -

FNenm) (30000 S (Nmm) {3000 &, o) 135 307133908073

o) [ A & [

EqMPpay (210000 S (MPa) 210

: L Ket qua trung gian

R 038 oz 303 F s @

5 joor *d S, easesiEay 4
[ Kkataua | Nhép Lai | Thoat

Hinh 7.13

Rit gon ta thu dugcS,,, =0.00584448043251d" .

Thay thé cac gid tri vita xdc dinh vao phuong trinh (7.38) véi z,
= -3,095 tuong ting R =0,999 ta c6:

-4
5d —
~3.09=— 0,101739345d 30000

—§
J0,00584448043252d +1000°

Giai phuong trinh theo d ta tim dugc hai nghiém: d,;= 25,33 mm
tuong img R = 0,999 va d, = 21,74 mm tuong tng R = 0,001.

7.7.1 Phu thuéc kich thudc vao dung sai duong kinh

Néu thay d6i gi4 tri sai léch binh phuong trung binh dudng kinh S,
= ad thi dudng kinh d sé thay déi theo bang 7.8.
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Bdng 7.8 Phy thude d vao a

¢ 0,601 0,010 0,020 0,030 0,040 0,050

| Bugng kinh d 25,13 2533 | 2589 | 26,82 28,15 30,10

7.7.2 Phu thugc kich thudc vao d$ phén tan tai trong

Khi ta thay d6i sai léch binh phuogng trung binh tai trong thi kich
thuée dudng kinh thay déi theo bang 7.9.

Bing 7.9 Phu thuée duong vao do phdn tdan tdi trong

Sai léch Sy Puong kinh d, mm Sai lech Sy Puéng kinh d, mm
0 24,45 5000 26,15
1000 24,61 6000 26,56
2000 24,93 7000 26,95
3000 25,33 8000 27,32
4000 N 258,74 3000 27,68

7.8 TINH THANH CHIU LUC PHUC TAP

Trong muc nay trinh bay phuong phdp tinh todn thi&t ké& xdec suit
khi thanh chiu luc phie tap. Vi du ta x4c dinh chiéu day t clia 8ng trong két
cau nhu hinh 7.14a. Lyc F tdc dung lén tay quay. Truc duge xem nhu 1a dAm
cong xén ché tao tir thép dng AISI 4140. Cde dai lugng nglu nhién trong bai
todan déu phan phdi theo qui luit chudn. Gi4 tri trung binh va sai léch binh
phuung trung binh clia c4c dai lugng ngiu nhién (x, Sx) theo bang 7.10.

Bdng 7.10
| Dat lugng Gi4 tri trung binh | Sai léch binh phuong trung binh
Lyc F, N 3000 300
Gidgi han chay o.,, MPa 600 60
Khoang cdch 1., mm 250 4
Kho_é_i'r_]g cach L., mm 200 2

Sai léch binh phuong trung binh dutng kinh true Sg=0,015d. Xsc
dinh kich thudc truc réng dé xde sudt lam viéec khong héng R = 0,999,

Dé truc réng khéng bi udn doc thi gitta dudng kinh d va chidu day ¢
¢d sy lién hé d/t < 100. Ta chon t = d/10. Mdmen c4n udn mit cit ngang:

3 EERY: 3 4
W= {1— « d;i)_}: i [1{1-%} ]:0,057%d‘ =kd®  (7.39)
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b}

Hinh 7. 14

Moémen cén xofin:
W, = 2W = 2kd® (7.40)
Ung suit 16n nhét sinh ra tai vi tri dudng kinh vong ngoai cda truc
rong va tai vi tri lién két véi tuong. Ung sudt ubh o va xodn t c6 gia tri ldn
nhit tai ving nay. Ung suat tuong duong o, theo thuyét bén 4 cé dang sau:

Ty =1[0' +31° (7.41)

Tuy nhién:
= E:EI_: (7.42)
W kd
FL,
LI (7.43)
W,  2kd’

Do d6, mémen 16n nhat tai vi tri dat luie:

3 ‘\’4L2| +3L23 (7.44)

a) Tinh theo phuong phip théng thudéng
Tudng ing vdi hé sd an toan n = 1 ta cé:

d= #4; \r'4ff +3E32 =19,64 mm
Gch

b) Tinh theo phudng phap xic suit
Gid tri trung binh (ng sudt tuong duong:

F 30 7 7R7TI069.S
By = —— AT} + 313 =20 12507+ 3.0007 < I871069.5

4kd’ 4.0,05786.d° da?
Sai léch binh phuong trung binh ciia tng sust:

O =

sl 2

Siv:(af,"] S+ (——‘U ]d+ e lst o i (745
JF ad (]SL I (,SL a
| 2




Chuting 7

Béi vi:
Ty 1 26237

S fadvad e L Jaset a0t =222
T akd 40057964 g
o, -3F T o3 -3.3000 S 23613208,58
TN B B = \/4.250% +3.2007 :#
/d o akd T 4.0.05796d d
fs,  FL, ) 3000.250 2127316
Ly kd'J4Li 303 00579607 J4.2507 +3200° &
‘o 3FL, ) 3.3000.200 127639

- = f ¥ - —3 4 T 3
Lo akd* ALy + 315 4.0.05796.47/4.250° +3.200° d

Cho nén:
(26237 o (2361320858 o 6T 1Y,
d ; i d J L q’ L

a.“
Tit day céc gia tri trung binh va sai léch binh phuong trung binh cha
img sudt tuong duong va gidi han chay: 6, =600MPa; S,p= 60 MPa;,

8676929
g, = 7871_[16915_ va S, = )7_;1 . Tuong itng v4i xac sudt lam viée khong
d- d
héng R=0,999 ta cé z, = -3,09. Ta xdc dinh diém phan vi theo céng thic:
- (00_?8?1{}:605
7 = - .L'|1 W —_ d —_ 3‘09

S +8S s ; :
\fa‘., = J60_+(807§?2,9]

1 N
bit x = = va rit gon phuong trinh trén ta thu duge phuong trinh
i

béc 2 véi bién s6 x nhu sau;

x?- 1,296096805.10"x + 5,946371153.10°=

(Gial phugng trinh nély ta thu duge hai nghiém x; = 0,000124846744
tuong tmg d, = 20,01 mm va x, = 0,00004762936511 tuong dng d. = 27.59
mm (hinh 7.15).

Nghiém d; tuong iing xdc sudt khong hong R = 0,001 va dy = 27,59
tuong ung vdi xac suat khong hong R = 0,999. Do d6 ta chon d = 27,59 mm,
tif day suy ra t = 2,76 mm.

Bai todn trén néu ta chon true dédc thi d = 20,73 mm.
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. Thiét ké& va phan tich

két cAu theo do tin cay

. Tinh thanh chiss fuc phu tap._

TiNH THANH CH|U LY'C PHU'C TAP

Du Lo DauVao -
Fog o0 5,00
Ga(MPay B0 S.(MPa) |
s, UL 3
R 099 Vi Z
L Gam) (350 I Sy (mm)
Loy [ e
Id
& Tre Rong }«d
© Vo Drae k
Kel Qua
d mm) 200021803426726
d.(mm) 27T

Nhép Luai

o —
o

Thodt |

7.9 BAI TAP

Hinh 7.15

7.1 Thanh c¢6 tiét dién ngang hinh chit nhat chiu tdc dung lue F va duge do
bdi cdc gid tua nhu hinh 7.16. Luc tdc dung F, chiéu dai thanh 1 va
khodng céch a la cdc dai lugng ngiu nhién c6 gia tri trong bing 7.11.

Bang 7.11
DPai lugng Gia tri trung binh | Sai léch binh phuong trung binh
Luc tdc dung F, N 30000 2000
Chiéu dai thanh 1, mm 3000 10
Vi tri dat luc a, mm 2000 10
Ung suat gigi han o, MPa 400 20
y

Hinh 7.16

___ ~
%%

| | b=h/2
|Y




Chugng 7
Gia st ring chiéu réng b cla tiét dién ngang bing % chiéu cao h va
dung sai kich thude tist dién ngang 1a + 3% (6S, = 0,03h). Tinh b va h
védi db tin cAy (xdc sudt lam viéc khong héng) R = 0,9999. Sau d6 x4c
dinh su thay d8i cia dé tin cay R cac cdc tham s8 sau:
a) Sai léch binh phuong trung binh cha (mg sudt gidi han S,, (thay
ddi trén khoang 10..80MPa).
b} Sai léch binh phuong trung binh cta tdi trong Sr (thay dé1 trén
khoang 500.4000MPa).
¢) Dung sai kich thudc tidt dién ngang (thay déi trong khodng
1..10%).

7.2 Trong muc 7.5 d6i v6i thanh try tron ngoai tdc dung mémen xodn con

chiu tdc dung mémen udn M. Gia tri trung binh cGa mémen uén M=
3390000 Nmm, sai léch binh phuong trung binh cla moémen uén Sy =
2260000 Nmm. S0 dung cac dir liéu muc 7.5 hay xdc dinh bdn kinh truc
voi xdc sudat héng R = 0,999.

7.3 Tinh to4n kich thuée didm duge d& bdi gbi d& nhu hinh 7.17 véi x4c sudt
lam viéc khéng héng R =0,999. C4c dai lugng cho trude trong bang 7.12.
Bdng 7.12

+

Bai lugng Gig tri trung binh | Sai léch binh phusng trung binh
Luc tdc dung F, N 20000 2000
Chiéu dai thanh 1, mm 5000 200
Vi tri dat luec a, mm 3000 300
Ung suat gidi han o, MPa 500 30

Gia st ring chiéu rong b cla tiét dién ngang biing % chiéu cao h va

dung sai kich thuée tiét dién ngang 1a + 3% (6S, = 0,03 h ).

ly
F__
a b » 7
7 | 27/
s 7
e ! b=h/2
v

Hinh 7.17

7.4 Tinh dAdm thanh chii I nhu hinh 7.18 biét ring tai trong dugc phan phdi
déu vdi (_] = 584 N/m va S, = 29,2 N/m. C4c dif lidu choe trong bang 7.13.
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Thict k& va phan tich k&t ciu theo d6 tin ciy

Bdng 7.13 .
Pai lugng Gi4 tri trung binh Sai léch binh phuung trung binh
Lyc tdc dung F, N 32000 3200
Chiéu dai thanh }, mm 3000 20
Ung suat gidi han o, MPa 900 a0
J ~
. ez
TR ¢ o q
| by
¥
Hinh 7.18

7.5 Tinh todn thiét k& truc chiu tae dung cac luc Fy va F, va duge dd bdi cdce
& A va B nhu hinh 7.19. Xdc suit lam viéc khéng héng R = 0,99. Ban
kinh r la dai fuong ngdu nhién phan phéi theo qui luat chudn véi sai

léch binh phuong trung binh 8, = 0,01 r

F1
]

-

£
b 2

-

3

Hink 7.19

| r=d/2

Cdc dai lugng Fy, Fy, a, b, | va o, phan phdi theo qui luat chudn va
cdc gid tri trung binh va sai léch binh phuong trung binh cho trong béang

7.14,

Bdng 7.14

Pai lugng Gia tri trung binh | Sai léch binh phuong trung binh
Luc tdc dung F|, N 6000 500

Lue tdc dung F,, N 12000 1200

Boan edng x6n b, mm 800 10

Vi tri dat luc a, mm 500 5

Khodng cdach 1, mm 1600 15

Ung suat gidi han o, MPa 800 50
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Chugng 7

7.6 Dam céng xén cé kdt cdu nhu hinh 7.20 chiu tac dung cta tai trong
F=N(16000, 1000)N. Dam céng xén ducc ché tao tif thép AISI 1040 va
nhiét Juyén véi gid tri trung binh giéi han bén kéo oy = NiFBS, 58.6)

MPa. Tim hé s6 an toan.

12.5

Y
Z

\
N

36

i

F

25

20

100

Hinh 7.20
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CHUONG 8

CO sG PHAN TiCH VA THIET KR
CHI TIET MAY THEO PO TIN CAY

Céc chi tiét co khi dugc goi la an toan va dang tin cay khi gia tri
gidl han theo chi tiéu tinh {d bén, ciing, bén mon..) vugt qué gid tri tinh
todn. Do d6, d€ phan tich va thiét k& trén co sé do tin cAy cdc chi tist may
ddi héi cdc higu bigt vé ban chat nglu nhién cha d6 bén S (hoic dé cing,
d6 bén mon..) va ung sudt L (hosc 46 vong, luong mon..) dya theo cac dang
hdng chi tiét may va két cau.

Theo cg sd tinh todn d¢ tin cdy da trinh bay trong céc chuong truge
va cdc s lidu trong cac tai ligu chi tigt may [32, 51, 53], trong chuong nay
ching t6i gidi thiéu co s& tinh toan thiét k& va phén tich céc chi tiét may
theo d9 tin cay. Can chi ¥ ring trong nhiéu chi ti&t khi phén tich va thist
ké theo d¢ tin cay chiing tai x4c dinh theo hé s& an toan trung binh 7 .

8.1 PO TIN CAY BO TRUYEN BANH MA SAT

D&i vdi b truyén banh ma sit véi lwe ép khéng déi. DE b
truyén lam viéc duge phai théa diéu kién khéng trugt tron:
R=PF,=F.f>F) (8.1)
trong d6: F, - luc ép con lan (gid sit la don dinh): F F - giA tri trung binh
hé 58 ma sat f va luc vang c6 ich F tai diém gitra viing tiép xuc.
Diém phén vi phan phéi chudn:
Fof -F _ -t

Z, =- = —
\/Sf + SIZ: \/ﬁzvtz- + vfi

(8.2)

trong d6: = F%t - hé s6 an toan trung binh; Sy, Sp, vy, vr - tuong dng sai

1éch binh phuong trung binh va hé s§ bién phéan clia hé s§ ma sat va tdi
trong ngoai.
D&i véi bo truyén bdnh ma sit véi lwe ép F, didu chinh
dugec, khi d6 lie ép F, ti 18 véi luc vong ¢6 ich F va hé sé ti 16 ¢ (F, = cF).
X4c sudt khéng truot tron:
R = Pl(cFf-F}>0] (8.3}
Hodc R = PIF(cf-1)>0]



Chirgng 8

Biém phan vi phan phéi chuin:

1 |[ i) E
'\'SI +S:

trong dé: S, :[G{p] S Z{.Cf—l)]_:\f}; va S, :(Z—T] S = crﬁfvl. .

oy
oF /.,

8.2 PO TIN CAY BO TRUYEN DAI

Ung suat tinh todn 14n nhat (bao gém ung suit kéo va udn) sinh ra

trong dai tai vi tri day dai bdt ddu tiép xic véi banh dan:

~ F ef'u

T Ae"
trong d4: F - luc vdng cAn truyén; A - tiét dién ngang day dai; o, - Ung sudt
udn trong dai trén banh dai nhd; o, - Ung suat do luc 1y tdm gdy nén; a - 1a
g6c trugt, gia tri 16n nhat clia ching bing géc dm dai tma = o1; £ — hé s6
ma s4t giira dai va banh dai, ddi v6i dai thang la hé s6 ma sat qui doi £ =
f/sin(y/2) véi v 13 géc chém dai.

+6, +6, (8.5}

Gid tri trung binh va sai léch binh phueng trung binh dng suit:
fj ei‘[l

o=——

A e|ﬂ -1

(L EL e ] e
of m o . (Uu m., ' aU\" m.

trong dé: S, Sy, Seaz v S,y - sai 1éch binh phuong trung binh hé s6 ma sat
f, luc vong F, ing suAt uén va ung suit do luc cang phu giy nén.
Ta x4c dinh gié¢i han méi o), tit phuong trinh duéng cong méi:

Siim = Uiim“ "\"EN{L (88)

trong dé: oy, - gi6i han méi, tuong tng s& vong lam viéc cd s6 Ng; N -

+5, +3, (8.6)

tong s6 vong lam viéc cha dai; m - chi s6 mil.
Gid tri trung binh va sai léch binh phuong trung binh dng suat gigi
han theo do bén:

_ _ ’N N f
Stim = Olim, 1\}] va Solim = Sl:;lim ot Si (8.9)

trong d6: Sqimo - sai léch binh phudng trung binh cda ting sudt gidi han

< Y 2 . = ae . oa
Giime Di8t duge tir két qud thir nghiém mébi cdc day dai; 83 = ﬁ Sm
m
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Cd sé phan tich va thi€t k& chi tiét may...

= Glim —--{ln T\;’ J")m - sai léch binh phuong trung binh, tinh dén d6 phan
11"

tdn cua chi s6 mi m.
DBiém phan vi ciia phan phéi chuin theo didu kién bén cta day dai:

m — G
Z = - il S (8.10)
!9* +87 +585 +5;

alunt

~ n-1

[ (_ T { it g : 2
> Sk - | N .
|Sfﬂlmf] +‘ l_ S SJ 1 1 + _l__"L" r + (G]"" 7 [I" """ r_]']'sm ] * Sflu + \E'\
GV i A[ hr_ \ A{Cm—“ L m N ;
\ :

/
8.3 PO TIN CAY BO TRUYEN BANH RANG

Cdc dang hdng chil yéu bg truyén banh rang la trée rd bé mat rang
néu duge béi tran tét va gdy rang do mdi, tuong ung véi viée tinh todn
thiét k& va kiém nghiém theo chi tiéu bén ti€p xdc va udn. Do oy, oy,
Srim VA Op 13 tich cia cde dai lugng ngdu nhién, nén theo céng thiic (7.16)
ta dé dang xdc dinh duge hé s6 bign phan cia chiing.

8.3.1 Tinh todn theo d$ bén tiép xvc

Xdc sudt lam viée khong héng Ry; theo tidu chudn bén tigp xde duge
xdc dinh nhur 12 xde sudt ma khi d6 dng suat ti€p xtdc oy tinh todn nhé hon
gidi han moi ti€p xde oy, tde 1a Ry = Ploj<oy,).
8.3.1.1 Ung su&t tiép xice oy

Ung suat tiép xuc oy duge xac dinh theo cdng thie sau:

2T(u
cH_:ZM'ZHZE\/%KK KoKy . MPa (811

trong dé: K, - hé s6 tdi trong ngoai; Ky, - hé s6 phan phdi khong déu tai
trong theo chiéu rong vanh ring; Kyy - hé s6 tdi trong dong; Ky~ hé sé
phén phéi khéng déu tai trong gitia cde rang; d - dudng kinh vong chia
banh r&ng, mm; by - chiéu réng vanh ring, mm; u - ti s8 truyén; T -
mémen xoin danh nghia trén banh din, Nmm; Zy hé s6 xét dén 4nh
hudng co tinh vat liéu; Z, - hé s§ xét dén dnh hudng cia téng chidu dai tigp
xuc; Zp- hé s6 xét dén hinh dang cha bé mat tiép xde.
Cong thde (8.11) duge viét lai:
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Chudng §

4T
On =ZmZyZe J_"'TKAKHBKHuKHV (8.12)
Wiy
Vol gy, = gl‘:’- = d(zub;i) hé 88 chiéu rong vanh ring.

Gia tri trung binh cha tng suit tiép xuc:

- T - —
oH = ZMZHZe (———KAKHpKHa Kny (8.13)
Whad.\’”ﬁ

Céng thite x4c dinh hé s6 bién phan v :

! ! ! [ 1 9 | |
voo= vl oavl oawd o wovd vl 4ol PRIV L, +—\f5++—\.'ﬁ+—\.'2 (8.14)
a £y ) 4 4 Ko 4 Kip g4 Kae 4 Kivy g 4 4 W

Sai léch binh phudng trung binh itng suit tiép xuic:
S =v_&

o = Vo, O (8.15)
Hé 56 Zy
Hé s8 xét dén cd tinh vat liéu: Zy = J Z,E'Ez >
E, (1 -1+ E (1 - u3)]
Néu cap vat Leu la thép: Zy = E

= -, theo bang 3.2
-4

E =2,079.10° MPa, vg= 0,01 va §=0298 va v,= 0,21 tir d6 suy ra:

= E 10° _
7 - 2,079 102 26949
a(l-m%) | =(1-0,2987)

bl 2
Sy =1 |——m— 33,+£ g2

= E
4nE(l - 1%) Ini-pu?y? g

2 2
= : 2079 1000132 +| FRIROTOLO | o G212 = 568
4 20790407 () - 0.2982) . Jm

Hé s6 xé6t dén anh hudng cha téng chiéu dai tiép xde Z;:

Z, - 4-3% véi €, - hé 56 tring khép ngang cé gié tri tir 1,2+1,9 khi dé

. 9 \ 9-1,
8{1:1,2;1 _155 vA Ss,,=19 1.2

=01167.
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Cd sd phéin tich va thi&'t k& chi ti€t mdy...

Gia tri trung binh va sai léch binh phuong trung binh:

Z, :J“‘Eu :J‘“LSS — 09037
3 3

1

I
S; =———8§ = 0.1167 =0,012426
" 6fag, " 644-155
H¢ s6 xét dén hinh dang cia bé mit ti€p xie Z,;: Z,= ‘ j voi
sin 2ct,,

aw la g6c &n khép c6 gia tri trung binh @, =20° va ha s6 bién phan

v,=0,1.
Khi d6:
= 2
Iy = |—— =\/,2 =176
sin 2o, 8in2.20
S, = |2 g 2'°"54?[i20.0.1]=0,0838
"o Vein2&, ) Tt Visin40)' {180

Hé Sf;KA

Theo ISO thi K, duge xem nhu 12 mét hé s§ doe lap va dugc danh
gia bdi cdc chuyén gia nganh ca khi, dia trén két qud thye nghiém va van
hanh m4y khi gidi quyét cdc bai todn dong luc hoc may.

Néu cho truse Kamin v3 Kamex thi Ka vavy c6 thé xd4c dinh nhu sau:

EA - KAmax + KAmin
2
SK = KAmax - KAmin (816)
" 6
v _ SKA _ KA muy KAmir:
Ka &35 =

Ka 3(KA max KA min )
Hé s6 phéan phdi tai trong theo chidu rong vanh ring Kpgp:

Hé s6 Kiy duge xdc dinh theo cong thiic sau véi mién phan phéi
K.H[; 1a 2{KHB - 1)

0,4b2C.y
__,_EI_KHW

Kyp =1+ (8.17)

nm
trong dé: by - chidu réng vanh ring; Cy, - 40 ciing riéng téng cong coa cap
rang ti€p xuc; y = v, + ¥4 - goc xoay téng cong cla riang vdi y,, - goéc xoay do
bién dang dan héi cha t&t ci chi tist nhu banh ring, truc, & va y, - géc
xoay rang do sai s8 ch€ tao; Kuy - hé s§ tinh dén kha ning chay ra cla
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Chuong 8

rang; Fun = E,\F;l - luc vong tuong dudng (v6i F¥, la lue vong danh

nghia).
Sai léch binh phuong trung binh:
12 (=
DKy =g§(KHﬁ—l]=5[KHﬂ —1) (8.18)

Tir day suy ra:
v = (KH_B—l) (8.19)
"y QKHH

Hé 56 KHV

Hé 8 Ky xét dén anh hudng tai trong dong cua chi tiét vi ti 16 véi
d6 phén tdn sai s6 A bude rang:

Kiv =1+ cX =1 + coa (8.20)
trong d6: ¢ - hé s6 ti 1& thuan véi van toc vong, khai lugng qui déi va ti 1é
nghich véi tai trong riéng dugc truyén; ¢ - hé sd tinh dén dnh hudng qud
trinh chay ra va tai trong déng dén dé bén méi.

Hé s& bién phan vy ciia hé s6 Ky nhd hon hé sé bién phan v, cia
-1

K 3
tai trong dong phu ikl lan:
Ky

v 3 _K-Hv -1
Kl'l\v' KHV

Heé s6 v, dugc xac dinh theo biéu thic sau:

v, = Vi H(05v,)° (8.21)

r—1 )
Vi = E\" V‘; + (0,5\"‘_\}2
Kuv

trong dé v, 1a hé s6 bién phan sai s& bude rang A va v, la hé sd bién phan
cua 4.

VJ{

Ehi dé:

Hé 56 bién phan v, x4c dinh theo cong thuc:
— Z(meux_(pmin)

3*S(LPm-.n& +q}min)
Khi d4 rdn bé mat H > 350 HB (¢ = 0,75.0,5 va v, = 0,114):

Khy -1
iy 0,17 (8.23)
Knv

Khi d% rdn bé mat H < 350 HB (¢ = 0,5..0,25 va v, = 0,19):

(8.22)

"
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Cd sd phan tich va thi€t k& chi tiét may...

Kuyv —1
iy = 0,230 (8.24)
Knv

H¢ s6 xét dén sy phan phéi khong déu tai trong gitta cdc rang Ky,
Gi4 tri trung binh hé s8 K, d61 véi banh rang tru rang thdng cho
trong bang 8.1.

Bdng 8.1
Pd rdn banh din va bi din Cap chinh xdc
5 6 7 8 9
H,>HB30) va H,>HB350 4-¢
= 0,8 0.9 1 1
3
H, = HB350 hedc Hy< HB30G0 4-¢ 4-g,
0.8 0,9 1
3 | 3

béi véi banh rang tru rang nghiéng:
= 1
Ky = —[({J,942 — 0.002v )+ (0,058 + 0,005v)l ‘4““’] (8.25)
8{1
trong do: n la cap chinh xdc; v - van tée vong, m/s; £, - hé s8 trung khép
ngang. :
Hé s6 bién phan duge xac dinh theo céng thite:
— _(:I?Hu — Ay, )

v (8.28)
K 4

Vo
Ky,
Hux

trong dé: ay, - dai lugng gidi han, phu thude vao hé sé trung khdp; by, - hé
s6 ti l&, phu thudc vace tai trong riéng duge truyén, do cing, chay ra riing,
hé s& triung khép; A - sai $8 bude rang.

Néu gia tri Ky, tinh todn 1dn hon 1 thi ta 14y Kp, =1, n&u nhé hen
Kitamin thi ta 1dy Kiy, = Kiamin-

Né&u 1 = Ky, = Kjymin thi cdc hé 56 ay, = 0,55 va v, = 0,25,

8.3.1.2 Giéi han méi tiép xiic oniim
Gidi han méi tiép xie oy, dude xdc dinh theo céng thie:

S i = Ot Ky Ze Zo K Ky (8.27)
trong d6: Zy - hé s& anh hudng dé nham maét rang; Zy - hé 88 anh huéng
van toc vdng; K, - hé s6 dnh huéng didu kién bdi tron; Kyxy - hé 86 arh
huéng kich thude rang; Kpy, - hé 56 tudi tho; of,m - gid tri gi¢i han mdi dai
han cda mau thi;

Cong thic (8.27) duoe viét dudi dang sau:
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Chudng 8
Shtim = O imZe Zv K KK (8.28)
Gid tri trung binh giéi han méi ti€p xic xde dinh theo cong thic:

Shlim = O 1im ZR Zv K KxnKui (8.29)

Mit khdc G,,, c6 thé xdc dinh theo céng thdc:
5 =K faH+b) (8.30)

Hlim
trong dé: a, b - 12 cde hing 38 d&i véi thép thudng héa hodc t6i cai thién a
=2vab =70, H - gid tri trung binh d6 rdn bé mit rang; K, - hé s& xét
dén mau thi.
Né&u dd rdn bé mat cho gid tri Hy,;, va Hye thi khi dé:
Hmax + Hlnln (8'31)
2
Heé s6 xét dén méu thit K, duge xdc dinh theo cdng thite:
S (8.32)

- +
Y4zyv e
T

ﬁ:

g

trong dé: Vo

- hé s§ bién phan cia gisi han mdi dai han eia mau; 7,
e
- diém phan vi phan phdi chudn, phu thudc vao xdc suit 1am viée khéng
héng clia miu thif khi x4¢ dinh gidi han méi.

Gia tri hé s0 bién phan cla gidi han méi dai han: v, = 0,08 +

0,1 (861 véi cde rang duge toi bé mat) va Vou = 0,10 + 0,12 (dai véi cdc
rang ducc tang bén bé mit}.

Gid su khi thd nghiém x4c sudt lam viéc khong héng 0,5 va do d4
z, = 0. Néu xdc suft lam viéc khéng héng 0,8 + 0,9 thi diém phan vi
;f,; = - (0,84 + 1,08). Hién nay néu tinh x#4c sudt lam viée khéng héng la
0,9 va 0,99 thi gid tri 7, s& bing -1,28 va - 2,32.

Tir cébng thic (8.28) suy ra hé s6 bién phén giéi han moi tiép xac:

- [2 2 2 2 2 2
Ve _\/Vc‘.'.,”,, +vz, TV, Vg tVk,, Tk, (8.33)

Sai lach binh phuong trung binh efa gidi han méi ti€p xic:

Tt (8.34)

=V
il Srinm

Khi tinh todn thigt k& hé s& bign phan giéi han méi v, 6 thé
xdc dinh gin diing theo cdng thue:
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o

= (vﬂuhm

_— ¥ +0,1° (8.35)
Xdc sudt 1am viéc khéng hong cia banh rang tru phu thudce vao
diém phén vi z, dugc x4c dinh theo céng thire:

2=~ SHlim %1 _ _ Ny ~1 (8.36)

f 3 2.2 2
g““"" S \{[]HvUHlim+\°H

Hé s6 an toan ny theo g sudt trung binh:

iy = —Hlim (8.37)
IH

Dé gidi bai todn thiét k&, nghia 1a tim gia tri dugng kinh d, khi
do Wyva v 12 ham s¢ ciia d. Thay th& csc bidu thie Wyva v2  vao
(8.36) va rat gon:

Z2@EvE Vi ) =(hy -1

Tir dﬁ); suy ra:

nH(Z vﬁllllm - l)+2ﬁH +Z?V§“ _1:0 (8'38)

Gidi phudng trinh trén ta tim duoc n,;, sau d6 theo cdng thitc

(8.37) ta tim dugc T = —HUm | tir phuong trinh (8.13) ta tim duge d :

nH
a=i,[zM—ZHZE} 4T _-_J\EHBEHQKHV (8.39)
OH lUhl

8.3.2 Phan tich va thiét ké theo dé bén uén
8.3.2.1 Ung suit uén of

Ung suit uén o sinh ra tai chan ring duge x4c dinh theo cong
thdc: _
2TK \K K g Kpy

F bwdmn Figte, MPa (8.40)

trong d6: T - gid tri mémen danh nghia trén banh ddn, Nmm:; by - chidu
rong vanh réng, mm; d, - dudng kinh vong chia banh din, mm; m, -
médun phép, mm; Yr - hé s6 dang rang; Y; — hé s6 xét dén anh hudng géc
nghiéng réng, v6i ring thing gi4 tri nay bing 1; Y. - hé s§ xét dén anh
huéng cia trung khép ngang, vdi riing thing gia tri nay bing 1.

Thay b, =y, m, vao cong thiic (8.40) ta cé:
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T K KoK, Koo
oy = e Y YLY, Y (8.41)
‘Uhmd.‘

Gid tri trung binh dng suat udn:

oF = e YYpY. (8.42)

Cac dai lugng mémen xodn trén banh dan, duting kinh vong chia
hanh din, hé s0 tdi trong la cac dai lugng ngdu nhién.
Hé si bién phan tng suat udn duge xdc dinh theo edng thic:

[ a hl A “ b a N A 7
r — e - i I YA = = PR = .
\If’l. _\'I Vr VK'\ + \‘Kl'l\ +\K|-\' ’ \Kl.; +\Y| +\Y|i + \‘r', \‘-'l-... R (8.43)

Sai léech binh phuong trung binh dng sudt uén:
S, =v_ o | (8.44)

Gia tri trung binh El"ﬁ xdc dinh theo cdng thue:

{—0

— Y
Ky =t+ LK[-‘[& ---Ij]-(].-W (8.45)

trong dé: E:ji - gia tri hé s8 Kgy trong giai dean lam viée ban dau (chua
tinh chay ra}; Kpw - hé 86 xét dén chay ra rang.

Hé s E(}]:;a dugc chon phu thude E:]m vd hé sd chiéu rong vanh rang
Win = bu/m theo tidu chudn. Cdc hé 58 Kpy tra bang theo tiéu chuin hodc
cho trude.

Gia tri trung binh ctia hé s8 K xét dén dnh hudng tdi trong
dang phu thong thudng duge che trude.

Gia tri trung binh Ke. xét dén sy phan phdi tai trong khong
dBu giita cdce riing duge xdce dinh theo céing thic:

- P6i v6i rang thang:

K =042+ 0,582 (8.46)

‘iFmi
trong d6: Fyu - luc vong quy uée bing luc vdng F*p, nhén cho cde hé s8
Ka , RF[; . RF-_, : A - gid tri trung binh sai s¢ budc rang.
- bdi véi rang nghiéng:
— 4ife, -1)n-5 _
Kpi = MMH_‘\) L8-‘4TJ
de

L
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trong d6 n - cap chinh xac bd truyén.

N&u hé 56 Kr, tinh theo cac edng thdc trén néu 16n hon 1 thi ta

14y gi4 tri Kro = 1. N&u Kre nhé hon Kpemin thi ta 14y Kee = Kromin. Theo

ISO thi Ky = 0,25 + 0,75 |
£

it

8.3.2.2 Xac dinh gia tri gié¢i han méi uén
Gi4 tri giéi han moi uén o, dude xae dinh theo eiug thite:
Oriim = OpinK 7K, Yr Y YK e (8.48)

trong d6: G rmin - gi4 tri giéi han méi ella miu thit thong thudng 1a banh

rang ¢6 médun m = 3 mm; K, - hé s& xét dén anh hudng cla sé riang cia

5]
banh dén; Ky, - hé s6 tuéi tho:K,, = m/:“' —of 4;0 (m c6 gid tri bing 6
FFE b

hoac bang 9); Kpe - hé s6 xét dén anh huéng khi quay hai chiéu dén dé
bén moéi: Kee = 1 khi quay mét chidu, Ky = 0,7+0,8 khi quay hai chiéu; Yy -
hé 58 xét dén 4nh hudng cta dé nham: Yy = 1 khi phay va mai rang, Yi =
1,05+1,2 khi danh béng; Y, - hé 6 kich thude: khi té1 bé mat va tham nite
Y, = 1,05 - 0,005m, d&i véi gang xam Y, = 1,075 - 0,01lm vdi m la madun
rang; Y; - hé s& dé nhay vdt lidu bdnh rdang dén sut tap trung tai trong:
Y; = 1,082 - 0,172]lgm véi m la modun rang.
- B4 v61 thép thutmg héa hoadc tdi cdi thién:

opum = 1,8HB (8.49)
- béi voi thép tham Carbon va Nitg-Carbon:
Opin = 800900 MPa (8.50)

Dé xac dinh gia tri trung binh orim ta nhan o¢,., cho hé s6 K, nhu

trong truong hop ing sudt tiép xuc, nghia la:
K, = — (8.51)
L+ zvg
H& s& bidn phén cia gisi han maéi rang cg sd¢ (m = 3mm):

b = 0,08:0,1

T4 luie

- Thép thudng héa va tdi cdi thién v
- Thép toi tn sé cao - v, = 0,1:0,14
- Thép tham Nite v, =0,1+0,12.

Cong thifc xdc dinh gi4 tri trung binh giéi han méi udn G, :
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Celim = a:glimKZKFl_,‘\_]R?xYSEFC (8.52)

Hé s6 bién phan gidi han méi udn xé4c dinh theo céng thic:

_ 2 2 2 2 2 2 2
Ve = \/Vu“ +Vg, FV, tVY VY R VY P VR (8.53)

(R
Su phéan tan gi6i han méi cha banh ring duge ddnh gid béi hé sé
bién phan v,  tinh theo su phan tan gidi han mdi cdc rang trong banh
rang va giita cac banh rang véi nhau,
Khi tinh toan thiét k& ¢ thé x4c dinh v, theo cdng thic sau:

Vo =flaget, Feous? (8.54)
Hé s8 K, va az duge x4c dinh nhu sau:

Kz=1- uvi pd, N (8.55)

i K,

trong d6: 1 va & - gid tri tra bang 8.2.

Bang 8.2
54 lugng miu thiy m € S6 lugng méu thiy N £

17 1,79 0,04 60 2,32 0,45
20 1,87 0,52 100 2,51 0,43
40 2,14 0,48 200 2,75 0,40
50 2,23 0,46 500 va I4n hon 3,04 0.37

Gi4 tri cac hé s6 Ky vA o 46 vdi sd rang z = 20+100, phu thujc
vao ol (gia tri Kz va oz nhd tuong ding vdi 8§ rang 16n) nhu bang 8.3.
Bing 8.3

Vg]im 0,08 01 0,12 0,14
Kz 0,85 + 0,80 0,80 + 0,75 0,77 + 0,70 0,75 + 0,65
oz 0,62 + 0,54 0,65 ~ 0,67 0,68 + 0,60 0,70 - 0,66

Xdac suit lam viéc khéng hong (phan tich dé tin cay) khi tinh
toan theo dé bén udn s& bing:

nr —1

e — (8.56)
JnEvililim + vir
trong d6 nF - hé s6 an toan theo gi4 tri ing sudt trung binh.
fip = ~Elim (8.5T)

GF
Dé gidi bai todn thi€t k&, nghia 12 tim gid tri dudng kinh d, khi
d6 f:va v, la ham s& ca d. Thay thé cac biu thde npva v, vio (8.56):
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zi(mpvy +vly=(p—1)
Tu day suy ra:
W (zive, =D+20, +z{vi ~1=0 (8.58)

Gial phuong trinh trén ta tim duge n,., sau dé theo c¢éng thiec

(8.57) ta tim duge T, =—EI™ Ty phuong trinh (8.42), chon trudc s6 rang
Ny

z, ta tim duge d:

- 1o — — =

——— YrEYpYe {8.59)
Y SF
Hod#c thee cong thife:
- 2T:K, KpaKg, Kpy — — —
d =%j A_ rﬁ_ Fu THV YFYHYH (860)
Y4 Ok

8.3.3 Do tin cay b truyén banh ring trong trudng hgp téng
quait

Ta xdc dinh xdc sudt lam viée khong hong R ciia bd truyén banh
rang nhu 1a tich xdc sudt lam viéc khong héng theo cdc tiéu chudn riéng
biét. Pai vdi da s6 cdc bd truyén banh ring, ma ¢ d6 dang héng do méi la
phd bién nhat, xdc sudt lam viée khong héng sé bing:

R = RyRe (8.61)
trong d6: Ry, Rp - xdc sult lam vige khong héng theo tiéu chudn bén méi
khi ti€p xdc va khi udn.

Phép nhéan don gidn cdc xdc suat nhis vao tinh tuong quan theo cdc
chi tiéu khédc nhau cGa khéd nang lam viéc ddn dé&n viéc gidm xdc suat lam
viéc khong héng. DE tinh toan chinh xdc hon, xdc suat lam viéc khéng
hong duge gidi thiéu tinh theo sy phy thuge gan dding dudi day:

I 1
S=N o) (8.62)
R gRi

trong do: R; - Xdc sudt lam viéc khong héng theo tiéu chudn thi i; n - 88
cdc chi tidu tinh,

Vi du, néu Ry = 0,99086 va Ry= 0,99379 thi theo cdng thie (3.61)
R = RuRy = 0,984707. Néu ta tinh theo cong thie (8.62) s& cho ra két qud;

SN O Y S ) IR R _(2-1)
R Ry, Ry 0,99086  0,99379
= 1015473115
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Tir day suy ra: R = 0,98476.

8.4 PO TIN CAY CcUA TRUC

Truc phai théa man diéu kién d6 bén, do cing, 49 bén mdn va dp
6n dinh dao déng. Theo diéu kién bén, d8i vdi cde true quay nhanh thi gigi
han méi ¢6 ¥ nghia quyét dinh. Tinh to4n dé tin cdy clGa truc 1a rat cin
thist vi tai trong 14 ham ngiu nhién theo th#i gian va gidi han méi cing
thay d8i boi vi vat liéu dé€ ché tao truc cé tinh khéng dong nhdt. Phd hiy
do mdi chi€m tir 46+50% cdc hu héng ciia truc. Khi qua tai dét ngot thi
truc ché tao tir thép thuong héa va toi cai thién cd thé hong do bién dang
déo qud 1dn, vat liéu tir vat liéu gion va it déo - ph4a hay gion.

flo—ay  h)

Hinh 8.1 Dudng cong mdt dé phén phéi bign d6 tng sudt o, va gidi
han mdi o,

Bic diém cha tinh todn do bén mdi cda truc la sy quan hé 14n nhau
giita tmg sudt udn va dng sudt xodn thay déi theo cdc chu k¥ khéc nhau
{tmg suit uén theo chu k¥ 441 xiing, Ung suit xoin theo chu k¥ mach déng)
va theo chidu doc truc tai cdc mat cdt nguy hiém.

Tai trong tdc dong.lén truc la tai trong trén banh rang, banh dai,
dia xich, khép néi (do khéng déng truc)... va ta xdac dinh céc phéan lye tac
déng 1én truc tai cdc § truc. Diém dat luc phu thudc vao két cdu § truc.

Trén dé thi hinh 8.1 1a cdac duting cong phén phéi gidi han mdi cua
chi tiét o, va bién dd (ng sufit o, Cdc dudng cong nay giao nhau, ¢é nghia
la hién tugng hong héc ¢é thé xay ra.

Giéi han mdi chi tiét theo (Ung sudt phdp va (ng sudt tiép lién
quan 14n nhau va hé s& an toan n, théng thudng nhé hon nhidu so véi 1, .
Do d6, hé s& bién phéan gidi han méi cia chi tiét ¢é thé ldy theo hé s6 bién
phéan clia giéi han méi theo Ung suadt phap.

Péi véi truc e6 nhidu vimg c6 su tap trung ing sudt, phan phdi theo
chiéu dai truc. Thong thuéng danh gid dé tin cdy tién hanh theo mft ving
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nguy hiém nao d6. Xde sudt lam viéc khong héng cia truc bing tich cédc

x#e suat 1am viée khong héng tai ede ving nguy hiém:

R, :ﬁRi
|

{8.63)

D41 v6i true truyén dong n&u khong ¢ lue doe truc thi chi ¢6 bén
trutng hgp nhu hinh 8.2. Khi tinh todn ta tién hanh tai tiét didn nguy

hiém ctia truc theo gid tri momen tusng duong:

M, =ML+ M2 +0,75T? (8.64)
Sai léch binh phuong trung binh cda mémen tuong duong:
5 2 R - 2
g2 [ Mu | ¢ +(¢“Mm g2 [ Mul g2
My T laMy ) M Tlamy ) My Tl )T
22 2 @2 32 o2 (8.65)
MRSy, HMYSy +{0,75T)° S5
M3 + M3} +0,75T°
Ung suat tai vi tri bdnh réng:
) o 1 ]
32.0My + My + 0,757 32N
U:J \j v+ T :_32 11“] (8.66)
wd ud”
F ' F fe| Fo
t B
r:‘r1 Frﬁ
A B pal B
= b ¢ — b = * — K
H c
a bF’?- Fa a |
N .
; - - ! -
il hal |
al F.; va F.; nguoe chiéu b) F.yva F.y cang chiéu
Ra
Fu‘/mF” F, B
D \ :

—]
| 2

S

c) Fopva Foy nguge chidu dj F.; va F.; cing chidu

Hinh 8.2
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Gid tri trung binh va sai léch binh phudng trung binh ung sudt

uang:

My = \/ﬁf + M +0,75T*

M $°

+M352
MX ¥ My

+0,75T 282

Smuw = =
My

Viid = Swid My

Gi4 tri trung binh cia Wng suidt udn:

__32M,

nd®

Sai léch binh phuong trung binh (ng suit:

oo
dd

oo

oM

1d

_— -
v Oy i

PR
Vg = \.Mld

T

REC RN

Cong thic xdc dinh h¢ sd bién phan v__

323M,,

(8.67)

(8.68)

(8.69)

(8.70)

(8.71)

2
2
d

nd?

(8.72)

Sai léch binh phuong trung binh ing suét tiép:

=Y E
153 o

(8.73)

Coéng thite xde dinh mémen tugng duong va sai léch binh phudng

trung binh xdc dinh theo ¢dng thic trong bang 8.4.

Bing 8.4 Céng thuc xdc dinh mémen va sai léch binh phuong trung binh

I'rudng Mx, My va My, Saxs SMy
hgp
5 . F] N 2
Myl r Frl h
8.2a _ Fqil—a)+ Fzb * : L ’
Myo=-""" I a +[pr|[|—2a:+_}_‘r3h] 6%+ [ ‘= Fah ]‘“,
1 .u |1 ‘I
M- = }'"(l d)—llzb s , \ .
e 1 s? =(“_—I"'a] §' o+ 2y +("E1'2] 5?
R . O Myl iy 1: Ha 1 3
i a—m+Esh Y (it—a—Kb Y s i i . . s
M“':‘f['"]" 1 a] +[ i [1_3“] st +[il_1_f_'_ T_.Z“.!.:M]z,,-z JfFuasbh a] 2
| N 13 '
i T _g2 2
Tai B bM =Sk, b
My = Frab; Myy = Fizb _ Sz bz
]\1 B

My = J(Frzh)z +(F,;b)* +0,75T7
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" Hinh

8.2b

Tai C
l'rI “"‘i) - I'rzh a

My~ = —ELt
X( i
Fy(l—a)+F
My :“(7‘:)12_'3“

1 2 b~
b 55+ -
Ay Fel 14

[
Fepth—ab - kAl

M= ||||I[ r——1

. .
T e el ¥
_d] +[ i 1:]+_I"_~’d] k75

I : b
g _fUzam) o b
Ryt | Fy l!

F]
il =2al + 1;h
[ 11____I—|} .‘iz +(
BN

2
(m_@_'_—jw] o2 [

Foa+Fab

) 2
=—ua | 8
\ ] !
»

Tai .2 _gl oz
ai B . 5M,,;]: ‘brrzh
Myp = Foabi My = F3b .2 22
P 3 S Spien =g, P
Mg = (120} + {Fpb ) + 07512
] i N ) at? : 2
Hinh T‘il] C 52 [ll—.i!.i] 47 +|? aly? +(“[I"—2-J e
gl 1 kel Il [ X 1 N
2

82¢

1‘:]..1”—_:]}—["}‘1_[1“‘

‘I\l.\.(._—— |
Ftl—ay+F:b
1 12

My = T

.1 W

t- by
s.] +[ ult- :“""’ Y RLE
4 ' 4

. [5, (- 2a) —__I_“rzh]‘sz
1 u

g2 _ftI—am :“_3 +I)
' Ay 1 . L IE

|(|t|“—2d}+ F,.h]
l

: Tai D s (“'“"' LT 52
Foil—a)-Fqb . ' o
— r wa
len— 7] [H ||“|I|1ihz_L[_1 +I13|‘|
; ¥ ]
(-a)+Fzb : T IUS LT I
Myp = Fod- 127 § = --—l--‘- 'J 824 ntyl
i - a P ETL
e e e T "hlu] . [Fu'-l-hzhl]:q:
- b il —an+ b Y - B s 1] -
MWy it ':’ ’-'-‘I}} o Hat! ‘l”'l-"hJ ST [ . 1* '
s iy

+[

:

2 L

- ..-] N
"

Hinh
8.2d

Tai C

My = }fltl..mi'l}+_F£Ea
W -F.b
e PPN
1

¥

Mye = 1t~

Doep w1
J [ ke,

pl—ar+ 10

g,
Whan = |||L N

0,78}

i Tai D

Feyi—ay+ Fesb
My - FswEab,

F, (1-a) - Fpst
Myp 2#} Sl
T

1d |||I\ |

1 3 M
Fya+ Fyal
5 +[.._:L":Juh] o
) = .

i

N

Foptl —a1— ZhE,
|

Al 2bb L
i L Y
|

T

;

PR

(3i6i han méi o, duge xde dinh theo céng thie;
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Gidi han méi o, dugc xdc dinh theo cong thie:
_SfBy (8.74)
K

L3

T jim

trong d6: o, — gioi han méi x4c dinh béng con dudng thyc nghiém trong
didu kién phong thi nghiém; ¢, - hé sd kich thude; p - hé s6 dnh huéng
etia bé mat gia cong chi tiét; K - hé s8 tudi tho; K, - hé s tap trung tng
SuAt,

Gid trj o, duge x4ac dinh theo gidi han bén oy,

Khi udn Khi chiu luc kéo (nén) Khi xoin
0,501-, 0,450‘1, 0;290‘0
Gi4 tri trung binh gidi han mdi:
_ ]
I i ) °q 8.75
. Olim Kc L ( )
Hé s8 bién phan gidi han méi:
o VI FVERVR 4V VR, (8.76)
Sai léch binh phuong trung binh:
SGI ) = vm....ﬁﬁm (8-77J

Theo Marin [42] gi6i han méi o, xdc dinh theo cdng thic:

Olim = Grkfkskrktkmkc {878)
Cac hé s& cong thie (8.78) duge xdc dinh nhu sau:
g, = 0o, - gidi han bén méi vat lidu.

véi: oy, - gi6i han bén kéo vat lidu

¢ - hé s8 ti 1é, gi4 tri trung binh hé s& ti 18 $ xdc dinh nhu sau:

Khi uén Khi chiu lye kéo (nén) | Khi xo#n
0,5 0,45 0,29
Hé s bién phan v, duge xdc dinh:
Khi utn Khi chiu kéo (nén) Khi xo4n
0,146 0,309 0,269

Trong mét s& trudng hgp chua cé s8 liéu day da thi hé sé
bién phén gidi han bén vat lidu v, c6 thé chon trong khoang
0,03:0,04 v6i thép thudng héa va toi cdi thién v, = 0,056+0,07 doi
vdi thép tdi ting bén bé miit.

k; — hé s8 hidu chinh, xét d&n dnh hudng clia chit lugng bé mit;
ki = ec{,k (8.79)

v6i o,, - gidi han bén kéo cia vit lidu; e, f - hé s6 theo bang 8.5.
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Bing 8.5
Phiuong phdp gia cong Hé st e 86 mi
Mai 1,58 -0,085
Gia cang cdt got hoic kéo ngudi 4,51 -0,265
Can néng 57,7 -0,718
Khéng gia cong 272 -0,995
Gi4 tri trung binh hé s6 k; = e, (8.80)

Hé sd bién phan: vi; = 0,098 - kéo néng; vy = 0,078 ~ rén; vy =
0,131 — m#t nén; vy = 0,060 — bé mit gia cong cit got.
k, — hé s8 xét dén dnh hudng kich thugc;

k;=1néud <8 mm

ke =1,189 d*'"* néu 8 mm < d < 250 mm (8.81)
Hé 53 bién phén vy, = 0. )

k, — hé 6 xét dén dnh huéng cha nhist dé:
k, = 1 khi nhiét d¢ lam viée t < 21,1°C (8.82)
k, = 1,108 khi nhiét d¢ lam viée t < 204,4°C
ki — hé s0 xét dén dnh hudng khac. Hé s6 nay phu thude vao: tng suat du
hign ¢6 trén chi tiét; ban chit méi trudng 4n mdn ma chi tiét dang
lam viéc..

Hé s6 bién phén cha céc hé sé k, va k,, tiy vao trudng hop cu thé
duge cho trude, khong c6 cdng thite téng quét dé x4c dinh cédc gi4 tri
nay.

k. ~ hé 8 xét d&n anh hudng cia sy tap trung (ng suft va cGia ranh, hé &
nay duoe xdc dinh theo cdng thidc sau:
ko= L (8.83)
K
v6i Ke goi 14 hé s6 gidm d9 bén méi, gi4 tri cia hé s8 nay phu thude
vao dang va kich thuge eta sy tdp trung img sudt trén chi tidt. Ke
dugce xédc dinh theo cdng thic:

RN S (8.84)
LR -
oK,
trong da:
[
25 a6i vsi 15 sust
Chk
J§=<—_%§—d6i véi bé mat chuyén tiép (vai tryc) (8.85)
Chk
21 L. .. .
—dbi vdi ranhvong
T hk
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Pon vi cia oy 1a MPa, K, la hé s8 tép trung ing sudt hinh hoc; r
-- 14 ban kinh ranh, mm.
Heé s& bién phén cta hé s8 Ky 1a vp va ¢6 gid tri nhu sau:
D01 dat vdi 16 sudt
v =1008 ddi vdi vai truc (8.86)
1013 d8i véi ranh
Ngoai ra néu ta biét rd diéu kién thue nghiém tim giéi han mdéi thi
cong thic trén thém vao k, — hé s& xét dén anh hudng 4 tin cay, duoc xdc
dinh thee bang 8.6.

Bing 8.6
X4c suat cbr?___lf:hii nang lam viéc, % 50 90 95 99 99.9 99,99
k, 1,00 0,90 0,87 0,82 0,75 0,70

Néu s6 chu k¥ lam vigée tuong duong Ni < Ng thi trong céng thde

- st N o - - . " .
irén ta thém vac hé s8 tudi tho K = 'ﬂ{_\}_[]d vdi m - s6 mi dudng cong mdi.
N
Gia tri trung binh 5, va hé s0 bién phéan v, duge xdc dinh theo cong
thic:
E]im = Ef E.\; E|' EI Em gl_' $ ghk (SABT)
Yeslim — \{vi‘- + \;f.\ N VR N AV \'; {8.88)

Su phéan tdn cta gidi han méi chua duge nghién ciu day da. Né doi
hoi phai tang s6 thi nghiém can thiél dé dat duge két qua ddng tin cdy.

Xdc suit lam viéc khéng héng ctéa true phu thude vao di€m phan vi
2, duge xdc dinh theo céng thuc:

Ty — n -l

T TS s T (8.89)
JS3 48t \/n\ﬂ 32
trong d6 ny, - h¢ & an toan theo Ung suit trung binh n =21
19

Pé gidi bai toan thiét k&, nghia la tim gid tri trung binh dudng
kinh d, khi d6 # va v21a ham s& clia d. Thay thé cde biéu thie 7 va vy

vao (8.89) va giai phugng trinh theo o .

z?(ﬁ:\';lml + \-'S, y=(m -1y
suy ra; (TR CAC SRS b B e I AL I (8.90)

m |
Jidi phuong trinh trén ta tim duge 7, sau dé ta tim duge o L

n
tir phuong trinh (8.70) ta tim duge d :
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3= ,22Myn (8.91)
T him

Dé danh gia ¢ tin cay bd truyén banh rang ta sit dung céng thite
{8.79).

8.5 PO TIN CAY O LAN

X4c suat lam viée khong héng & ln:

R, =P(QL'™< C) (8.92)
trong dé: Q tai trong déng quy uée; L - tudi tho tinh bAng triéu vong quay
cho trudc; m - chi s6 mii ¢6 gia tri bing 3 déi v6i & bi va bang 10/3 déi véi
& diia; C - kha nang tai dong cta §.

G day ta khdo sat Q nhu 12 mét dai luong ngau nhidn. Kha nang
tdi déng cha & vdi xac sudt lam viée khong héng 90% ta ky hidu Cq.
Quy luat va cac théng sd cla su phan phéi tudi tho cGa § theo I1SO
duge x4c dinh theo phan phsi Weibull:
[ll—] In0,9

R, =™ (8.93)
trong dé: Lay - tudi tho khi xéc suat lam viée khong héng 1a 90%: « - thong
s6 hinh dang cta phén phéi Weibull lién quan dén sy phan phéi tudi tho
(theao tiéu chudn o = 1,5).

Hé s6 db tin cay a;
Ti 58 L/Lg, ngudi ta goi 1a h¢ s6 d¢ tin cdy a,, duge xdc dinh:

i
InR, = [-L—J In09=a%1n09

90

véi a = o /IOR (8.94)
Lo VIn0o

Gilta L va kha nang tai déng C ¢é quan hé:

L { ¢ 1 (8.95)

L, Con

Cho nén:

’ C
:1| = ma; (8-96}

Tit su phu thude gitrta C va Ry, ta thay ring kha nang tai dong ciing
nhu tudi tho phan phéi theo phan phi Weibull. Tuy nhién trong tinh todn
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ky thuat ta c6 thé xem phan phéi cia kha ning tdi déng gdn véi phan
phdi chudn, vi khi 46 tinh toan xdc sudt s& don gidn rit nhiéu.

Gi4 tri trung binh ciia kha nang tai déng C
Pé x4c dinh gi4 tri trung binh ctia kha nang tai déng C tuong ing
v6i kha nang tai dong khi xdc sudt lam viée khong héng 0,50 ta gan R,
= 0,5. Khi dé:
! 1

— [ In0,5 Yam o
C=| == |""Cyy =6,580mC
[ o 0’9] ) %)

- Div6idbi a=15m=3suyra C =152 Cy

- Déiveiddoan =15 m=10/3, suyra C = 1,46Cq,

Sai 1éch binh phuong trung binh cia kha nang tdi déng S; xdc dinh
theo hiéu s ctia diém phan vi tuong ing véi xac suat 50% la C va 90% la
Cgyp nhu sau:

2 == Cw (8.97)
S,
Cc-C
Suy ra: § =-———3 8.98
y ¢ 1,28 ( )

trong dé 1,28 - diém phén vi cia phan phéi chudn Ung v6i xdc sudt 90%.
Hé sa bién phdn cha kha nang tdi dong:

5
R W ) (8.99)

CC 1,28
Né&u thay the C = 1,52Ce, va C = 1,46Cq, ta c6 hé s& bién phan
cta khd nang tai déng v = 0,25 doi véi & dia va v, = 0,27 d6i véi 4 bi.

v

Xdc suat lam viéc khéng hong
Gia sif ring kha ning tai dong C va tai trong dong quy udc Q phén
phéi theo quy luat chudn ho#c gin véi quy luat chudn. Khi d6 xéc sudt 1am
viée khéng héng ta xac dinh theo diém phan vi clia phan phdi chuan:
PPNl N (8.100)

—1 3 2

nove+ vy

trong d6: n - hé sd an toan theo gid tri trung binh; v¢ va vq - hé & bién
phén ciia kha ning tai déng va tai trong déng quy udc.

Hé s6 an tean n duge xdc dinh nhut sau:

C

n= 6[.-1““

(8.101)
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C - gi4 tri trung binh cGa kha ning tii dong; 6 - gid tri trung binh cia tai
trong déng quy udc.
- Dai vdi 6 bi:

n=12C0
QLI.I'J
- Dol vai 6 dina:
o 146Cy
QL[}J

Trong trudng hop téng qudt, tinh to4dn chen & lan xét dén su thay
dfi cde dai lugng ngiu nhién duge tién hanh theo trinh t saw
1. X4c dinh luc tac dung lén chi tiét truyén déng.
2, Truc truyén théng thudng c6 3 doan, cong thitc xdc dinh tai trong tdc
dung 1én hai § tai A v B va sai léch binh phuong trung binh theo bang

8.17.
Bdng 8.7
Truing Gia tri trung binh luec Phuong sai lue

hop tac dung lén & tdc dung 1én &

3 s . . 2 . 2 . .‘\_?
Hinh Tai A : =[1.l d)J $ L 52 _‘_[Fr-J 52
8.2a g EllmwTpb " 1 r 1

AY T L
: +[h1 82+[Fr" ~ “hw
g _Fal-w-Fb 1) T
AX T
| 2 2 i
' - - 2 _[(i—m] Q2 +b_153 _[rtz] 52
: {'Fn“ W +Fab [ Fy{l-a)-Fyb) ' i S 1 -
I’mﬂﬂ | J + ] X N
i A P F R -\ .
|F'J g2 Lrl‘“'rl,biy
Wl ! I~ F
. 2 L W&
Tai B " =_{[|+mJ 5 2’ g JEJ g
E _Fall+by-Fa e ] ool
BY ~ (F, ) F.b-F,
1 +-;_rl1 gl ( r2 1 ||‘1] 5!
E _ Fl2(1+b)+l—:l|a v Y 1-
Bx -7 -
I P 52 2 2
I = : =L_H_—_b]J 57 i,_x)z (Fl!] 52
Ny _J[F,,th} Fu | [1 Al= h]+[id‘|_ ba 1 mEE TR .
[ .
! . El_l] b2+[Fl‘th,,dI g
) I /

+ . . T o ,\3 .
Hinh | Tai A 2 [ ‘”] st Dg [Pt
8.2b ¥ _Fl-a)-F,b A b (R

M I (F,. g (Fﬂa*Fr:b]z :

B . + ST+ /= &
F _hl(l—a)+}*l3h | Y 14 o
AX T

TR,

- +|'(F1I”' u! F.:-h\r

| | P | /
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Tai B
Faitehi+Fpa
|

F, -.(] + P —Fa

K =t
By =
|

Fyy =

|f 2= },li

||} st i+l l
| .'

i

Fo=

Hinh
8.2¢c

Tai A

Foil—ur-F.h
Fay = Frtl—ab= Pl

_ Fyib -av+ Kah
|

E,il-a)—F, hf .

{Futi -0+ Fisb ;

P”‘"‘Jl[ e ]

- [P-’,,:n—l-’,;t]—h]\ |,,=+| :I by’
o I Ji 1

Hinh
8.2d

_Fytl-ay+Fah
|

Fiil-a)-Fah
F.-\X: 11 l |94

=+ Fab Y (B~ =1k Y
P',.\=J[h|“ .:J+F,_ ] +[!—,,[1 ;] '._h]

B

4

Tai B
I Fn+ Fa (L=
T8 ]
u—FaLl-h
Fipy = H-ha0-m IE

- ﬁl‘,,u+l . [Iﬂ,u—f",_u_l—ha]l
rli
, 1 J 1

Cén chi ¥:

ol T2

..;2 _ F xSFAx+ INA\SI“A}-

b I-r.-\_ T e
Av+Fa

{8.102)
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- hal —_" hal
2 FHx‘S}-'Bx-"FBySFH_\-

Ll

S (8.103)
Fiv+Hx

i

3. Chon & A hoac B dé tinh todn theo tri 58 lyc 16n hon: F = F,s hodc F
FrIS'
T&i trong quy ude trung binh:

Q = F (8.104)
Sai léch binh phuong trung binh cia tai trong quy udc:
Sy =S, {8.105)

Chon hé =5 bién phan kha nang tai dong ve = 0,27 (5 bi) hodc v
0,25 (& dia).
Hé s6 bién phan tai trong quy udc:
S

N

vV, = =
o

Q

4. Xdc dinh hé s6 an toan theo gi4 tri trung binh tir diém phin vi:

{8.106)

n-|l

L L (8.107)
Jnve +\-'(2‘, ‘

5. Xdc dinh kha nang tai déng trung binh:
C=nQLY" (8.108)
6. Xdc dinh kha nang tai dong clia 8 vdi xdc suat 1am viée khéng héng 90%:

Con =~ 451 véi & b
152

hose Cyy = —— dbi vdi § daa (8.109}

C
146

Theo gid tri vira tim duge ta chon ¢3 8.

8.6 PO TIN CAY CUA O TRUQT

9] trugt héng 1a do chiéu day nhé nhat 16p dau béi tron h,,, nhd hon
chiéu day 1dp dau tdi han hy,. P& dam bae didu kién béi tron ma sdt uat:
huin / SRy + Ryy) (8.110)

Kha nang tdi F (N) duge xde dinh theo dudng kinh d tm), chidu dai |
{mm) cda 6, 8§ vong quay cla 6 n (vg/ph), 46 nhat ding lie cua ddu p (Pa.S)
khe hé hudng kinh 5 (um):
1d*
F=po—dad=n
82

'

nnld®
308°
Hé 56 khd ning tdi & 6 thé xéc dinh gén ding theo cong thiie:

Ly - {8.111)
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L. (8.112)
I-x
trong d6: y - 46 léch tAm tuong d8i x = 2e/8 v6i e la dj léch taAm tuyét di;
m’ - hé s phu thude vao ti s8 1/d [32].
Mit khde lign hé y vdi & va chiéu day nhé nh&t h,. cda lép dau
theo cong thiie: '

b e = iZ—(i—x) (8.113)
Néu 14y h,,, = hy, ta cé:
r= Q:%l'll_h (8.114)
Thay céng thuc (8.114) vao (8.112) ta cé:
= m'[—-f)——— 1} (8.115)
2hy,

Thay gid tri © vira tim dugc vao cong thie (8.111) thu duge:
anld®pn( &
F=m -1 {8.116)
3082 (th ]
Sy thay d6i clia khe hé theo nhidt do (um) duge tinh dén nhu la hau
qua su khdc nhau ciia hé s6 gian dai vat liéu cta 16t § va than 4. _
Tim gid tri [ biing cdch tinh theo cong thdc (8.116) gid tri trung
binh ctia khe hé huéng kinh 3 va dd nhdt dong luc .
— <
po T O _1] (8.117)
056° zhlh

Gi4 tri sai léch binh phugng trung binh Sy
2

- 2
3 A { | 3 | 8
o= il 2|t s e
30 5 28 hy, 30 57\ 2P

P6 tin cdy 8 trugt xdc dinh thee diém phén vi z;:
F-F

S
SF + SFT

trong dé: F.va Sy, 1a gid tri trung binh va sai léch binh phuong trung binh

(8.119)

tdi trong hudng tam tde dung 1én 6.
Gid tri F 1a ham s6 cia cdc dai lugng ngdu nhién § va p véi:
5=58, — 2a.At{a — oy N0 (8.120)
b= ut,f‘i]m (8.121)
Lt

trong dé: 8,.p,- gid tri &va u khi nhiét dé mdi trudng chung quanh ty t
- nhiét dd 8; At = t - ty - 56 gia nhidt dd; 2a - hai l1dn chidu day 16t 6; «, o
- hé &8 gian dai cua vat liéu 16t § va ngéng true; m - 80 md (m = 2,6 + 3,0).
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Gid tri 8; va S, la sai léch binh phuong trung binh cia khe hd va
do nhdt duge xdc dinh biAng 1/6 midn dung sai 5; va 8, cde théng s dé. Po
léch hudng kinh §; c6 thé xdc dinh bing cong thic gn ding sauw

8y = 1182, + 52 (8.122)

Dung sai cla d¢ nhdt déng lge cia ddu duge xdc dinh bdng céng
thue:

3, =5u...1(iJ . (8.123)
Lt

trong dé ESM - dung sai cia d& nhdt ddng lye dng vdi phiét da t,.
Khi nhiét d6 t thay d48i thi § va p cing thay d6i, do 46

(—], oF 14 ham s& cia ch& d4 tdi trong, khe hd, dé nhdt cla d4u...
3 )\ 8

8.7 PO TIN CAY LY HQGP

Muc nay gidi thidu tinh todn dd tin cdy cde loai ly hop tu déng (ly
hgp mdt chidu) va ly hop an todan: chét an toan, ma sdt an toan, bi an toan..
8.7.1 Dé tin cay ly h¢p mot chidu

b1 vdi loai ly hgp mot chidu (hinh 8.3) ¢6 yéu cdu cao vi ching lam
viéc nhu co cdu bdnh céc, khi ma chuyén dong theo chidu ngugc lai s& gay
nén nhing hién tugng khéng mong muén va din dén héng méy. Tinh todn
xde suéit ly hap gém: xdc sudt chuyén dong mdt chiéu va dé bén ly hop.
Thing 88 chu y8u cua ly hgp, xde dinh didu kién lam viée la géc
chém cla con 1an «. Né&u tinh 44 léch tAm cla truc va vong ngoai ta ¢ bidu
thic quan ha hinh hoc sau;
+d
D-d
trong dé: b - khodng cdch mét phing lam viée cha dia xich dén truc ly hgp;
d - dutng kinh con lin; D - duéng kinh vdng ngoai.

o = aArccos {8.124)

Xdc sudt chuyén dong mét chiéu xdc dinh theo didu kién con lan ly
hgp s duge cai, néu nhu géc ma sdt p s& ldn hon 1/2 géc chém.

o

p=— (8.125
> )

Tuy nhién gid tri o cang ldn thi mémen truyén T s& cang lén:

T = {),SFzDsin% _ (8.126)

trong dé: z - $8 con ldn; F - lue trong méi tiép xde.
Do d6 d& tang kha nang tdi ta ting géc chém (thang thudng a = 7“)
nhung khi d6 cé thé xdy ra hién tugng ly hap khéng duge cai.
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Ilinh 8.3 Ly hup mét chiéu
Khio sat k6t cdu tuy dong clia ly hgp (hinh 8.3) v61 3 con lin. Gia
sif goc chém va géc ma sat phan phéi theo quy ludt phan phéi chuén. Xac
sudt cai cla ly hop thy déng R dua trén biéu thie (8.125) phu thude vao gid

tri trung binh cua géc ma sat p va g6éc chém «, va véi sai léch binh
phuong trung binh S, va §,, cta sy phan tan cta géc ma sit va gée chém
theo ly hop. Pai lugng S, lién quan dén dd phén tdn dudng kinh vong.

Diém phan vi z,. cua xac suat Re, duge xem nhu 1a hiéu sé cha cdce dai luong

4

ngau nhién'Lp—%J, phan phéi theo quy luat chudn cé thé ude lugng theo

cong thuce:
P
—_— e (8.127)
o2 2
prl + 4’511]

Gia tri Re thue t€ khéng bac gdm 46 phan tén cde gid tri p va «
theo cdc con lan trong giéi han cia mdt ly hop, béi vi sai 56 ché tao trong
ly hop tu chinh duge danh gia thee gid tri trung binh.

Xde sudt khdng hong R cde chi tiét tiép xic xac dinh theo dng suat
tiép xtc phd hdy oy va tédc dung ou. Diém phan vi z; cia xdc suit cdn tim
c6 thé tim theo céng thue:

—Hra 2

Ll =~

2 = -SRZOH “HSg (8.128)

(eSg y Sh
trong dé: oR, OH, S, Sy - gid tri trung binh va sai 1éch binh phuong trung
binh tng suit phd hiy va tdc dung.
Khi 46 rdn cdc b& mat HRC > 60 c6 thé 14y so bd or = 1800 MPa,
Sy = 100 MPa.
Gi4 tri trung binh dng suit tiép xic on xdc dinh theo cdng thife
Hetz:
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Gt = 1 | STE (8.129)
‘.'/Ddlu
trong dé: E — médun dan hdi cde chi tist tiép xic, MPa: 1 - chidu dai con
lan, mm.

H¢ 56 bién phan ing suat Liép xde:

Vi = ' NACTERUAES S R (8.130)

Sai léch binh phuong trung binh 8 = r_mv”,

8.7.2 D§ tin cdy cua ly hop chdt an toan

Pac diém cda dj tin ciy ly hgp chét an toan 1a phdi tinh xdc suit
clia hai su kign mau thuin nhaw xdc suilt khéng hong cta ly hop khi t&i
trong ngoai tic dung va xdc sudl héng coa chét khi t4 trong tdc dung chua
dén gid tri gidi han.
Tinh todn xdc suat lam viéc khéng héng cia ly hop theo diém
phan vi z,:
n-|

L= - Se=== (8}31)

‘I‘l \ +\

trong dd: ﬁ_-% - h¢ 88 an toan theo cde gid tri trung binh; Tp, T. - gid tri
trung binh cia mémen phd hiy va mémen tai; v,, v, - hé sd bién phan cua
momen pha hiy va momen tai trong ngoai.

Mamen phad huy;

[ R
1

trong d6: d - dugng kinh tiét dién nguy hidm cia chat; R - ban kinh tir chét
dén tAm truc gdn khdp ndi; t - gidi han bén cdt: 1 = cay, vl oy, - gidi han bén
vat lidu. ¢ = 0,95 chét ¢o ranh, ¢ = 0,75 chét khong 6 ranh.

Hé 6 bién phan ciu mémen phd hiy bing hé s8 bién phdn cua gidi
han bén vat li¢u chét thong thudng ¢6 gid tri bing 0,0620,08,

Xic suit phd héng cda chét tr ong lic qud tai xde dinh theo z;:

) ny — |
7 =—-

(8.132)
v,

trong d6: n, = —% - h& 50 an toan theo gid tri trung binh; T, - mémen qud

|‘
tal, vugt qud gid tri nay thi chét & bi héng.
8.7.3 Dé tin cdy cita ly hop ma sit an toan

Biéu kién khing trugt cua ly hop vdi xdce suit cho trude:

189



Chuong 8
T-Ty+28=0

Hotic:  Ffr, —Tu+#S8=0 (8.133)
trong d6: T=FIr, gid tri trung binh ¢la mémen gidi han; F - lyc nén dia
ma sit; r, - ban kinh trung binh clda dia ma sit; f- gid tri trung binh cla
hé s ma sdt; T.- gid tri trung binh cla momen tai trong ngoai;
S=4S3 +$2 - sai lach binh phuong trung binh cia hiéu cdc mémen T va T,;
St va 8, - sai léch binh phuong trung binh cdc mémen T va T,.

Hé sd bign phan cia phan phéi chudn:
(8.134)

trong dé: n= Fir“‘ - hé 88 an toan theo cde gid tri trung binh; v, va v; - hé

50 bi&n phén cua tdi trong ngoai va cia hé 58 ma s4t.

Theo gia tri z, ta tinh xdc sudt lam viéc cda ly hgp khong trugt.
Xdc sudt phd huy chi ti&t khi t4c dung bdi mdémen qud tai ta xdc
n- - T
dinh phy thuée vao didm phan vi z, = _n-l , trang dd n. = %.
Vi
8.7.4 P$ tin cAdy cda ly hop bi an toan

Mémen gidi han cta ly hop, tife 14 mémen xodn T ma khi dé bdt ddu

trugt dudi tde dung cia lue ma sdt gidfa con l&n va ranh:
FD FD
T= =
2ig(a - @)~ Di/d)  2(tge - fc)

trong dé: ¢ = 1 + D/d; F - lye cha 10 xo0; D - dudng kinh vi tri tdm con ldn; d
- duéng kinh trung binh phdn rianh cla true; a - géc ti€p xdGc gida con lin
vdi dia ma sdt; f = tgg - hé s ma sdt (hinh 8.4).

Xde suat l1Am vide khéng trugt cta ly hgp duge xdc dinh theo diém
phén vi z;:

(8.135)

T-Ta+28, =0 {8.136)
trong dé: T.T, - gi4 tri trung binh mémen téi han va ctia momen ngoai tdc

dung; St - sai léch binh phueng trung binh ¢da mémen gidi han v4 mdmen
tai trong ngoai.

T

2
a1 ’ 3 2
RS I — | 87 + 5! (8.137)
( ﬁf )m [ i J[itgﬂ _ fC d | A

trong dé: Sy, S, - sai léck binh phuong trung binh cla hé s§ ma sdt va
mimen ngoal,

Sr=
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; }/
A il s sy

F
Tir day
fe T-T - n-l (8.138)
Cﬁ - - 2_2 CH? . a 2
— vi + v, T, o=y | Vi 4 vy
\/{E ~fc)} F+v,Ta \/{(‘gﬂjﬂ r

trong d6: n == hé 56 an toan theo gi4 tri trung binh.

£

Xdc sudt pha hiGy cta ly hop khi tdc dung mémen qud tii Ty xdc
dinh theo z,.

— ?%—T - ';;—' (8.139)
ot AL
dé: o _,Tq'
trong do: nn———?—

8.8 PO TIN CAY LO X0
8.8.1 Lo xo xodn éc¢ nén, kéo
Lo xo xodn 8¢ nén (hinh 8.5) dugc tinh to4n theo do bén va do cing.

Ung sudt trong day 1d xo duge xdc dinh theo cong thuc:
. BFK,D

- (8.140)
pLe

trong dé: K, goi 14 hé s8 Wahl; F — lyc nén tdc dung lén 1o x0; d - dudng
kinh day; D - dudng kinh trung binh.

Hé s Wahl K,, x4e¢ dinh theo cong thie:

_Ue=1y 0615

Y= 8.141
(4c—-4) c ( )
trong dé: ¢ — chi s& 16 xo, ¢ = D/d.

Gia tri trung binh va hé sd bién phan ting suat:
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= ﬁ\:_l) vi v, = \f + vf, + ‘J\j (8.142)
d
B ocung 10 xo:
. 4
kol Gd (8.143)

. 813,

trong do: n, - s vang lam viée 1 xo; G — modun dan hdi trugt vat liéu.

Hinl 85
Gid tri trung binh va hé s& bién phan 46 cung:

Gd' . r— _
- T{{_;ﬁi-_l-- VA vy = VG e 4100 (8.144)
%D ',

Néu dng suat duge phin phéi theo qui luiat chuan thi diém phin vi
duge xde dinh theo edong thue sau

r_]lll\ T —_ n-| - (8.145)

\l.'l.‘s‘,l_”_ + 82 ‘ﬁ_ﬁvfh_l +\-'f

Néu hé s do cing duoe phan phéi theo qui luat chuan thi diém

Aig =7

phan vi duge xdc dinh theo eong thie saw:

(8.146)

i =T

\II
T cimg thiae (8.145), (8.146) la xde dinh gid tri trung binh hé s an

tean, sau dd xde dinh kich thude 1o xo.

8.8.2 Lo xo xoén d¢ Xodn
Ung suat uén lén nhat xuat hién trén day 1o xo xodn d¢ xodn thinh

8.6) duge xdace dinh theo cong thife saw:
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KT  32KT
0 = ——— =

W —*ﬁ* (8.147)
F
o
Hinh 8.6
Gid tri trung binh va hé sd bign phan dng sudlt:
_  3R2KT
G = —Il_j.— va v, :1,‘v%+9vﬁ
s
Bai vdi 1d xo xodn hé s6 dd cing 10 xo duge xdc dinh theo cbng thic:
4
_I__dE (8.148)
8 64Dn,

trong dé: T ~ mémen xodn; 8 - do léch géc 16 xo; d — dudng kinh day; D —
dudng kinh trung binh; ny - s6 vong lam viée 1o x0; E — médun 4an hdi v4t
lidu.

Gid tri trung binh va hé s6 bién phan 46 cing:

d‘E

v v, = J\fé + vﬁn + V:l") + 16\"3 {8149)

N&u dng sudt duge phan phéi theo qui lugt chugn thi diém phén vi
duge xde dinh theo cdng thife sau:

Tiin = G n—1
g = 1 =- {8.150)
,,‘Séhm +S§, \/ﬁzvéhm +vf,

Néu hé s6 dp cting duge phan phéi theo qui luat chudn thi diém
phan vi duge xdc dinh theo céng thie sau:
Rk w-l (8.151)
JS,?‘( +Sﬁ Jﬁzvi +v§

L1k

8.9 PO TIN CAY CUA MOI GHEP REN

Tinh todn dé tin edy clia m&i ghép ren chd y&u dua trén méi lidn
quan cua.df phén tdn tdi trong, gidi han méi cha buléng.. va véi 4o tin cdy
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cua ede chi tigt ¢d dinh dai de (chi tigt ham). Ta s& khac sdt d$ tin cdy cia
buléng khi tai trong tinh va tai rong thay déi [52, 531,

Pac diém cua tinh todn méi ghép ren theo 49 tin cay la tinh dén 4%
phan tdn cia lye xi#t ban ddu va tinh todn chinh xdc d§ phdn tdn cua sy
tdp trung ¢ng suat. Khi tinh todn ta chdp nhén cde dai lugng ngau nhién la
tdi trong ngodi, luc xi&t ban ddu, gidi han moi cua vat lidu va hé s tdp
trung (ng sudt ¢ ren lidn guan dén bd phdn tédn cta bdn kinh cong ranh
T¢I,

D6 tin cay theo xac sudt lam viée khéng hong cua méi ghép biing
ren duge xdc dinh theo xde sudt lam vice khong hdng ena cde tigu chudn
khd nang lam vide chu véu: khong tdch mdi ghép, khong trugt méi ghép, 46
bén huléng (tinh, mén R = RiKR,..

8.9.1 Xdc suit lam viée khong hong theo diéu kién khong
tich bé mdit ghép R,

Xic suit khong hong R, khi dé dng sudl nén nhd nhat trén méi
ghép sau khi tdc ddng cua lai trong ngoai ¢é gid tri 16n hon khong.

Trong trudng hop don gidn nhdt: Méi ghép ren chiu tdc dung cda lue
kéo doe huléng F (hinh 8 7) xdc suat Ry xdc dinh tir diéu kién:

R, =P[V/k = F(l-y}] (8.152)
trong dé: V - luc xiét; k - hé s& tinh dé&n khad nang cé thé lam y&u su xiét do
bé mit méi ghép bi phd hiy (mém héa) k = 1,3+1,5 khi tdi trong tinh, k =
1,5+4 khi tai trong thay déi; (1-3) - hé 86 ddc trung tdi trong ngoai tde déng

lén mai ghép.
V+¢F

| =
1

| —
|—
—

n

Aot

]
|
|

P by

8,
W77
R
L

2

Hinh 8.7 Méi ghép chiu luc doc truc buléng

Xdc suat Ry xdce dinh theo diém phan vi 2y
. (L (8.153)
\|'I oy i + \f
trong d6: ny - hé 86 an toan khéng tich méi ghép xdc dinh theo gid tri tdi

trong trung binh:
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_ v
P S
KE( - 2)

véi: V. F va vy, vp - gid tri trung binh va hé sd bign phan cla cdc dai

(8.154)

lugng ngdu nhién 1a lyc xidt V va tdi trong ngoai F.

8.9.2 Xac sudt lam viéc khéng héng theo diéu kién khong
trugt bé mait ghép R,

Xdc sudt khong hong theo tiéu chuan khéng trugt bé mat ghép cia
moi ghép buldng xiét chiu tai trong ngang F (hinh 8.8):
R, = P(fV/k =) (8.155)

o,

" 2

]

N
1]

Hinl 8.8 Mdai ghep chin hee ngang

o

il
3 F

m
7
2NN

bé xdc dinh R, ta tinh diém phén vi:

n: —|

212 = - = ——
[ 2
vy, F v

Hé 6 an toan d3 khéng trugt ciia méi ghép theo tai trong trung

binh va hé 56 bidn phan duge xdc dinh nhu sau:

- IV
n: = —
KE
Vion = ¥y 4] (8.1586)

trong d6: f vA v¢- gid tri trung binh va hé s6 bién phin ciia hé s6 ma sat £,

Hé 88 ma sdl d0i vdi cdc tam thép hodc gang 6 thé liy
f = 0.15+0,20, doi véi thép (gang) véi bétdng f = ¢,3:0,35, 481 vdi thép
{gang) véi gb [ = 0.25; k - hé & an toan, thud¥ng lay 1,3+1,5.

8.9.3 Xdc suét lam viéc khong héng theo d6 bén tinh R,

Xac sudl lam viée khéng hong buldng theo tigu chudn bén tinh Ry:

R;{ = ]-)(UH < U(-],) (8‘157)
trong dé: oy, - Gng suat tinh todn trong ti6t dién nguy hi€m cia buldng; oy, -
gidi han chay cda vat lidu buléng,

Ung sudt tinh todn o, trong buléng cua méi ghép ren (1 buléng)
chiu tai trong kéo doec buling xde dinh theo caong thire:
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42 (KV + 3F) (8.158)
i

trong dé: d, — dudng kinh tinh todn clia ren buléng; K - hé s xét dén su

xodn cua buléng khi xiét (khi khéng ¢6 hién tugng xoay buldng khi xidt K

= 1, trong cdc trudng hgp khdac K = 1,3).

Sur =

Gid tri trung binh ciia (ng suit tinh fodn Ou Xdc dinh theo oy

S =~ (KV +%F) (8.159)
nd;
Sai léch binh phuong trung binh cilla dng suit tinh todn:
St.t = 6” Vi = :, \/szfvz + XZFEV}E,- (8.160)
mdy

Tir 4y suy ra hé s& bién phéan:
\ Sll

Vi = = =Vy [
g, +1

YEovsia= 25 (816D
vy KV

2
l+a“

Do gid tri a ¢é gid tri nhé nén ta c6 thé 1dy gan ding:
Vi = Vy (8.162}

Xde sudt lam vide khéng héng Ry theo tidu chudn bén tinh tim theo
diém phdn vi:
_ o mel
1|'ﬁ§vfh + Vi_.
trong dé: o va vy, - gid tri trung binh va hé s& bign phén gisi han chiy
ctia vat lidu ch& tao buldng; ni- hé sd an toan.

Zn=-

(8.163)

Hé s& an toan n3 x4c dinh theo cong thic:

- o g

hy=Seh _ mdioen (8.164)
oy HKV+yF

8.9.4 Xadc suit lam viéc khéng hong theo dé bén méi R,

Xdc suit 1am viéde khéng hing buldng theo tiéu chuidn bén moi R,:
Ry = Plo, <o) {8.165)
trong dé: o, - Uing suédt thay ddi sinh ra trong buléng; 0.4, - gidi han méi cla
bulong.

Gi4 tri trung binh dng suit sinh ra trong buléng:

G, = iz[o,:'qf? + X 0,51}3)] (8.166)
nd K

1 Ll

trong dé: F- gid tri trung binh cia tdi trong ldn nhdt tdc dong lén buldng
{tinh d&n dac tinh ngdu nhién cda tai trong); 0.5F - gid tri trung binh bién
dé tai trong; v - hé s8 éanh hudng d6 nhay cha vt lidu d&n tinh chat khéng
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- d8i xding ctia chu ky; Ko- gid tri trung binh cia hé s6 tdp trung ing suit
hu thude vao gidi han bén oy, cla vat liéu:

oy ... 400 800 800 1000
Ko ... 3,0 . 39 48 5,2
hodc duge xdc dinh theo cong thuc:
Ko=14+qle -1) (8.167)

vdi: ¢ - hé 36 do nhay cua vat lidu dén sy tap trung dng sudt: g
= 0,5+0.6 do1 vdi thép carbon va q = 0,7:0,8 d6i véi thép hop kim;
« - gid trj trung binh cla hé s§ tap trung ing sudt 1y thuyét.

H¢ s6 bién phan cta ing sudt sinh ra trong buléng cé thé 14y bing
hé s6 bién phan cua tai trong ngoai vy
Gid tri trung binh gidi han méi cta buldng:
- - ¢
T_thl :U‘IE_GBBH’\ {8.168)

¥
trong dé:o 1 - gid tri trung binh gid¢i han méi cia miu thd nhdn (d= 7,5+10
mm); & - hé s¢ dnh hudng cua kich thude buléng; P - he s& phu thude vao
mdi ghép ren: d6i véi méi ghép tidu chudn p = 1, khi ghép ¢6 bd phdn cing
ren f = 1,56+1,6; By, - hé s tdng bén bdng phuong phdp gia céng ren: dsi véi
buldng cé ren cit By, = 1, d8i v4i ren ldn B = 1,251,3.
H2 &6 bién phan gidi han méi cha buléng v

Vi = Vi HVEHVE (8.169)

trong d6: vy - hé s8 bién phan giéi han méi chi tiét duge ché tao bing vat
liéu cing 1 mé ndu, v, = 0,06+0,08; v, - hé s6 bién phan gi¢i han mai
buldng duge ché tao bing vat lidu tir cdc mé nAu khdc nhau v, = 0,08; v, - hé
80 bién phan t4p trung dng sudt.

Do d¢ xde sudt lam viéc khéng héng theo tidu chudn bédn méi R,
duge xdc dinh theo diém phan vi z,,:

HERC |

E 2
nave +v)

Va ng = v {8.171)

Ta

(8.170)

Zyy= -

8.10 PO TIN CAY MOI GHEP PO DOI

B tin cdy mdi ghép biing dd déi duge tinh 1 do ¢ sy phan tdn lén
cdc dai lugng nhu: do déi (hiéu s6 giga duéng kinh truc va &), hé 56 ma sdt
(phu thude vao trang thdi bé mat, cdc tap chat (hat mon) rdi vao méi ghép)
va tdi trong ngoai .. [51, 53).
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Xac suat lam viée khong hong méi ghép bing dé ddi sé tinh bing
xdc suat lam viéc khéng hong theo d9 bén méi ghép R, (R, = P(T < Ty,)
va xdc suat lam vige khong hong cua dé bén chi tidt Ry (Ro= Plag<o).

R = Ry, R (8.172)

Xsic suit 1am viéc khéng héng theo dé bén méi ghép R,
Xdc suat lam vise khong hong mdi ghép R,y theo tiéu chuan 43 bén
mdi ghép xdc dinh theo cdng thie z;:

gz - M U (8.173)
=2 2 2
YWV P YT

T

trong dé nmg * —— - hé s an toan do bdn méi ghép.
T

Mamen xodn gidi han theo dé bén (Nmm) Ty, 1a mémen 1én nhét ¢6
thé truyén cua méi ghép c6 dudmg kinh d (mm), chiéu dai 1 (mm) dé doi
Nium}. ép sudt trén bé mat p (MPa) va hé s6 ma sdt £

ﬂm1=E%ﬁ?i (8.174)
trong dé K = 1,5+3 - hé 54 tinh d&n kha ning ¢6 thé gidm luc dinh két theo
thii gian.

Mémen xodn gidi han Ty, duoe khdo sat nhu la ham s theo hai dai

lugng ngiu nhién p va {. Gid tri trung binh Tim duge xdc dinh theo gid tri
trung binh [_J va .
P& vii true dac dudng kinh d v mayd cd dusng kinb ving ngoai
d., ¢4 hai co cing modun dan hai E (MPa) va hé s0 Poisson p nhu nhau, do
46 ta co chng thie xde dinh &p sudt sinh ra trén bé mat saw
_ (B-u)Ea0™

(8.175)
dil+y)

trong dé6: w 1a hé s& xdc dinh theo cong thic w=

w5 & - d6 déi mai

ghép, um; u - hé s6 diéu chinh xét dén viéc san bing cdc d6 nhap nhd bé
mat 1dp Ry, Ryut v = 1,2(Ry +Rz).
G4 tri trung binh p duge xdc dinh theo (8.175) khi thay 8 bdi 5.
Gid tri trung binh do doi & xdc dinh bing hiéu cia gid tri trung
binh sai Jéch truc ¢ va 18 E. Trong hé théng 18 ¢b thé bifu didn qua cdce gid
tri mién dung sai tra bang dudng kinh truc t,, 16 t;; va sai léch dudi cua true
el
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& =c¢-E =ei+ 5L -te) {8.176)
Dung sa1 d9 déi:

L= 2+
Sai léch binh phuong trung binh do doi S,

I
8. = —yti+( (8.177)
t

Khi dé hé 58 bién phan dé doi v, = S./&.
Khi ché tao true 14 18 theo cing mét cdp chinh xdc tic la to= ty =t
V2 (1.2361

§ = el vi= - = - {8.178)
e 53]

[l& 56 bign phan dp sudl
v, = S‘—‘ —a [—_ {8.179)
d-u 1 - ufd
trong dé: vi. 8, 1a h¢ s0 bién phén va sai léch binh phuong trung binh cta
df: ddi 8.
Néu u ti 1& véi 8 thi v, = v,
Hé s4 bién phan cda Ty, duce xde dinh nhu saw:

V= \l'l\:\ "\l_ (8180)

trong di: v, ve1a hé 6 bidn phan cia 4p sudt p va hé sé ma sét f.

Theo k&t qua thue nghié¢m, hé s3 bién phan cda hé s6 ma sdt vy ndm
trong khodng 0.08+0,125 {trung binh 0,1). Gid tri nho khi 14p bing phuong
phdp lam lanh trge. Gid tri nho nhdt ndim ngoai khodng trén khi 1&p bang
thiy lue. Ta khdo sdt bai todn tdng qudt ude lugng do tin cdy cda méi ghép
bang di doi dudi tdc dung cia moémen vdi gid tri trung binh T va hé s&
bifn phan v,

Xde suit lam viée khéng héng cia dé bén chi tigt R.,

Ung sudl nguy hiém sinh ra tai bé mat trong chi 118t bao. Didu kién
bén o < @y, trong d6 o, — ing sual tuong dusng Ién nhat; a,, - gidi han
chay vit licu chi tidl bao.

G4 Lri trung binh cua dng suat tuong duong G bidng:

o
—_ p
O = -

{8.181)

Hé 56 bién phan vy, cia ung sudt o,¢ bing hé s6 bién phan v, cta 4p
sUdt trén bé mat ldp ghép.

Xdc sudl lam viée khong héng Ry theo dé bén chi tiét xdc dinh theo
Zy:
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|'Ig,-1—l

L Sl (8.182)

2 2
MuVi, + v,

al

sh
S

trong dé: n, = - hé s8 an toan theo gid tri trung binh cia gidi han chdy

VA Ung sudt G ; v, - hé sd bién phén cla gidi han chay.

8.11 KET LUAN

Dua vaoc co s8 1y thuy&t trinh bay ¢ trén ta cé thé ti€n hanh tinh
todn thigt k& va phan tich chi ti&t mdy trén co sd dd tin cay. Thigt k& tién
hanh theo phuong phdp mémen thich hgp (gid tri trung binh va sai léch
binh phuong trung binh), d& ddnh gid d9 tin cdy ta ¢6 thé sit dung nhidu
phuong phdp khac nhau 43 trinh bay chuong 5, 6. Trong chuong 12 ching
tot trinh bay vi du tinh todn hé théng truyén déng co khi trén co 8¢ 46 tin
cdy.

8.12 BAI TAP

8.1 Khd nidng tdi cda ly hgp c6n (hinh 8.9} dudi 4p luc khong d8i duge xéc
dinh theo céng thitc:

o ER
T - I.I [)1-1]
Asin | I — d?

trong 46: D - dudng kinh ngoai mit eén; d - dudng kinh trong cida con, o
= nita goéc con; f - hé s6 ma sat gidta trén bé mit con; F, - luc tde dung

doc truc.
/‘ o

OO

/A

Hinh 8.9
Déi vdi ly hop trong trutimng hop nay trén b& mat con 1a l6p amian; d
= N(200, 2)mm o= N(20°, 2"); F = N(448, 45)N; f= N(0,3, 0,03). Néu
mémen xodn truyén qua ly hdp con ma sdt phan phéi theo quy luat
chudn véi gid tri trung binh T = 45194 Nmm va sai léch binh phuong
trung binh St = 4519 Nmm. Tim dwng kinh ngoai mat con D d& dat 4
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tin cdy R = 0,99. Gid s rang dudng kinh ngoai mit con D = N(D,
0,05D).

8.2 Tim d4 tin cdy tryc nhu hinh 8.10 sau c6 )3 sust duiing kinh a va chiu
tdc dung mémen xodn T = N(3400. 340)Nm. Gidi han bén kéo ciia vat
lidu truc c6 gid tri trung binh e = 1034,2MPa. Hé s6 tap trung (ng
sudt 1,62. N&u dudng kinh truc D = N(B, 0,1D) va 15 a = Ni6, 0.6) mm
xdc dinh dudng kinh trung binh cia truc D vdi hé s6 an toan 1 = 2.

-]

oy

Hinh 8.10

8.3 Tim dudng kinh trung binh truc D cia bai tap 8.2 d¢ dat d¢ tin cdy R =
0,99 gid st rang Ung sudt va dé bén cla vat liéu tuan theo quy luat phan
phéi chudn.

8.4 Dam ¢6 chidu dai L, va ti&t dign ngang t va b ducc han cd dinh vao mot
gid d6 nhu hinh 8.11. M&: han ¢6 chidu dai L; trén mat trén va dudi d8
d6 tdi trong F. MGi han cé dang tam gide voi ddy 1a h. Ung sudt cdt 16n
nhat trén méi han 1 duge xdc dinh theo cong thiic:

» ] . \
U= Jr';— F T +2TE Ty cos @

trong dé:
Tp= F
F e,
) ﬂ
L3 h+t}"
2 V2nLaf 2 4 TR
N L"}
va: cosU = = =
5 L-3+(h+tJ'
4 2

Cdc kich thudc mdi ghép han va ddm L, = 625 mm, h = 50 mm, L, =
250 mm, t = 250 mm, b = 50 mm va tii trong phan phdi theo qui luat
chudn véi F = N(2500, 250) N. N&u gidi han bén cdt cia mdi ghép han la
To = N(Ty.59) = N(245, 35)MPa. Tim db tin cdy cda mdi ghép han.
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8.5 Hai banh rang duge 1ip 18n truc ¢é céc lue tac dung theo hinh 8.12. Che
luc Fyy, Fru, Fo, Fuy va cac khodng cdch 1, 15, 13 1a cdc dai luong ngiu
nhién phén phdi theo qui lugt chudn.

Cho biét: F,; = 400N = 450N; F,, = 1800N + 180N; F, = 6000N
+ 6O0N; Fu= 2400N + 240N:; 1, =1, =1, = 80 + 5 mm.

Kich thude duong kinh duge xem 13 cdce gia tri den dinh. Gigi han
moi true [a dai luong ngdu nhién véi o, = 200 + 60 MPa.

Xdc dinh dutrng kinh true véi dd tin cdy R = 0,999

i

Ed
i
— X — X1
T

Ihinh 812
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PHAN TICH MAY THANH HE THONG

M4y hoac day chuyén céng nghé duge phan tich nhu la mot ha
thimg. Su dung 1y thuyét todn (hé thong) dé tin cay dé xdc dinh d6 tin cay
mdy theo cdc phdn tu. Do dé phan tich cadu tric cay hé théng rat quan
trong khi ddnh gid d6 tin cdy mdy. TU dd tin cay cdc phAn td ta xdc dinh
dé tin cay hé thong, ¢é nghia xdc dinh do tin cdy mdy. Nguoe lai d& didm
bdo dd tin ciy mdy thi méi phan td phdi ¢é do lin cay nhat dinh, to dé
thiét ké cdc phan tf véi d§ Lin cay cho trudc.

Nguyén nhan viée hdng hée cua hé thong khéng nhding 14 do hdng
hic cua cde phan ti cta hé théng ma con do 16i cua ngu¥i van hanh va
nhdn vién bdo tri. Do dd, viée kem xét 181 cua con ngudi cong rdt quan
trong Lrong phén tich an toAn. tlong hée cua he thong khéng nhing gay
nén cdc bl tién trong cudc séng, gidm nang sudl ma trong mot s6 trudng
hyp con gdy nén thiét hai Idn vé npudi va cua.

Nhiéu phuong phdap xem xét an toan v thiét k& duge phdt trién
d& gidp hifu duge tai nan xay ra nhu thé nio, xde suit xdy ra tai nan duge
ddanh gid nhu thé nao va Ling phurng phdp nao gidm duge xde suat xdy ra
su kién. Cde phuong phdp nay gidp 40 trong viéc phan tich c¢é phuong
phdp hé thong theo dé an toan, trong viée phat hién ra cdc di€m y&u tidm
an ¢6 khd nang dan dén méi nguy hiém cho sy an toan va cdc vi tri ndi
bat can ¢6 cde sy chi ¥ dic biét trong thigt ké, san xuat, hoat dong va bdo
tri h¢ théng. Trong nhidu trudng hgp khdo sat lai bén thigt k& ca thé
phdt hién tat cd khia canh cda thigt k& dé théa man ching. Viac ddnh gid
lai thiél k& dugce 1ap k& hoach va tién hanh t6t s8 nang cao hidu qud kinh
t& trong viéc thiét ki va phdl trién cdc hé théng ky thuat phde tap. Phé
bigén nhat trong cic phuong phdp khdc nhau c6 thé sir dung che viée ddnh
gid lai thidl k& va an to@n cua hé théng phic tap 13 cdc dang héng va
phan tich hidu qua (goi tdt FMEA), phan tich ciy su kién (goi 141 ETA) va
cAy dang hong (goi tat F'TA).

9.1 PHAN TiCH AN TOAN HE THONG

Bé tin cdy va an loan san phdm lién quan chat ché vdi nhau, An
toan dinh nghia theo nghia réng 14 trdnh khdi cde didu kidn ma né 1A
nguyén nhan gay nén hong hée chi tiét, tén that nhdn mang hodc hong
hée 16n vé trang thidl bi va mdi trudng chung quanh. Cho nén trong tam

d day 1a cde hong hée tao nén nguy co che an toan. Muc dich 1a xdc dinh
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trong qud trinh thiét k& cdc dang hong ndo s& xuat hién va thue hién cde
bién phéap khde phuc. Théng thutng cdc dang héng lién quan an toan cé
xdc sudt xudt hidn thip va do dé rat khé ude lugng chdng. Thi nghiém dé
tin cdy ¢ mizc d6 hé théng cé thé sai va tao nén diéu kién khéng an tean.
Ngoai ra, cdc dic difm an toan thi#t k& véi thanh phdn hd trg hodc du
trit, hdng héc gay mat an toan hé thong thong thudng cé nguyén nhan la
két hop cde sy kién. Vi du két hop hong héc thiét bi, héng héc do con
ngudi va hong hdéc hé thong bde déng khi ndi hai bidt ddu qud néng do
nguyén nhan tich 14y 4p svdt.

Ca hai phuong phdp dinh hgng va dinh tinh d&u duge sit dung dé
phan tich an tean hé thong. Phuang phdp dinh tinh gidp cho ta hidu biét
¢du true logic cua cdc dang hdéng khdc nhau hé théng va méi tuong quan
giita ching. Phuong phdp nay ¢é thé chi che ta hiéu ring cdc su kién nao
d6 ¢é khd nang xdy ra duge giam bdt hodc loai trir. Nguge lai, phuong
phdp dinh lugng gidp ta s¢ dung cdce dir liéu héng hée cda chi tidt, dir dodn
th#i gian hdéng héc va 161 con ngudi va du dodn xdc suit xuit hién ede sy
kién nao doé.

Trong thuc t& sit dung dang phén tich an toan hé théng phu thudc
vio d phifc tap clia hé théng, khd nang s dung dit lidu héng héc va mifc
d4 dnh hudng cila yéu t& con ngudi. Cdc dang khdc nhau cia trinh tu phén
tich an toan hé théng duge s dung dé nhin dang va xde dinh s& lugng
cia an toan va rii ro cia hé théng theo hai phuong phdp: qui nap va suy
dién.

Theo phugng phdp qui nap, phén tich bdt ddu ¢ mie 46 chi tiét,
xdc dinh cdc dang hong cia méi chi tidt va thift lap dnh hudng ciia mdi
hoéng hdc chi tiét dén toan bd hé thing. Phan tich cde dang héng duge st
dung dé khdo sdt mdi phan tu cda hé théng va phdt hién sy dnh hudng
dén hé théng cva cdc dang héng khdc nhau. Phyong phdp nay mang tinh
chi quan do bdn chat dinh tinh cda phan tich.

Theo phuong phép suy dién, phan tich bt dau tir vidc ddnh s& cdce
méi nguy hiém tiém tang va phan tich tir he théng di xuéng d€ xdc dinh
cdc hing héc phan cing hé théng va 181 do con ngudi ta cde nguyén nhén
giy nén cdc hong héc tidm tang. FTA va cay su kién thude vé& phuong
phdp phan tich hiéng héc suy dién. Trong FTA, thi cde su kién cao nhat
fgoi la sy kién TOP), nhu 14 hdng m4y, chdy.. 11 hong hde hoan toan cda
hé théng duge phdt hién ddu tién, va sau d6 14 tat ca cdc dang héng c6
thé, Phuong phdp phan tich nay 1a céng cu chinh xdc va cé tde déng lén
cho viéc xdc dink 80 lugng cdc rdi ro. Phan tich cdy su kién 13 mdt qud
trinh logic, dya trén co s¢ chudi nhi phan, trong 46 su kién hoic 14 xay ra
hoc khang, chi tiél ¢d lam vide t8t hay khéng. Gidi han chinh ctia phuong
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phdp nay la khéng tinh dén cédc chi ti8t hong hée dan din. Phuong phép
nay su dung theo logic va nd can thiét d& lam nguge lai vé bdn chat dugc
su dung trong phan tich cdy su kién, Dya vao sy xuit hién dang hﬁng cu
the, cdy dang hong nhan biét cdc két hgp khdc nhau va trinh tu cdc héng
héc khdc ma né dén dén su kién TOP. _

Nguoc lai, trong phan tich cay su kién, ching ta bit ddu tir vai sy
kién ban ddu va hdu qud cla né 14 hang loat sy kién xudt hién tiép theo,
dén khi sy kién cuéi ciing xuit hién. Khi gdn mdi nhdnh xdc sudt xuat
hién, k&t qua cudi ciung 13 danh sdch dai cde héu qud ¢ thé cia sy kién
ban dau trong dé maéi sy kién cé xdc sudt lién quan dén médi kat qua.

9.2 CAC DANG HONG VA PHAN TiCH ANH HUGNG

Cdc dang héng va phdn tich énh hudng (goi tit 1a FMEA) 1a thu
tuc phan tich dugc sif dung phd bisn trong giai doan ban ddu ph4t trién
hé théng. Muc dich 14 phdt hién cdc héng héc va cdc dang héng khidc
nhau, xudt hién & mic d¢ chi ti&t, hé théng con va hé théng va ddnh gid
héu qud cda ecdc héng héc nay. N6 lién quan d&n vige phan tich hé théng
dé xdc dinh dnh hudng cla héng héc chi tiét hodc hé théng con dén toan
bo hé théng va c6 khd ning phu hgp vdi cdc dai tugng va yéu cdu thue
hién.

FMEA bdt dau phat trién vao nhitng ndm 50 cha the ky trude khi
phdt trién cdc hé thong diéu khi&n chuyén bay ciia lyc lugng khéng quéan
My. Thong thutng FMEA duge thye hién trong sudt cdc giai doan thidt k&
¥ tudng va thiét k& ban ddu cda hé thdng d€ ddm bao dy bdo tat cid cde
dang héng héc cé thé xdy ra va cdc k& hoach thuc hién 48 loai trir tat ca
cdc hdng hée tidm nang.

Thinh thodng cdc phdn tich trang thdi tdi han duge thuc hién cing
voi FMEA. Trong trudng hop nay bao gém cd chi s¢ trang thdi t6i han va
tinh khdc nghiét cla héng héc. Phan tich nay cdn goi 1a cdc dang héng,
phdn tich dnh hudng va trang thdi tdi han (goi tit 1a FMECA) va duge
phdt trién bdi co quan hang khéng va vi try My (NASA). Thyc hién mét
cdch toan dién FMECA cho hé thdng phic tap 14 mét cong viée t6n nhidu
thai gian. Tuy nhién tai My thi tuc ndy rat hidu qud khi ddnh gid do tin
cdy va nd la bit bude cho cde dy 4n ma nha nude déu tu.

FMECA hé trg phén tich do tin cdy theo so d5 khéi va dé thj du
dodn cho myc dich stia chia. Trén thijc t&, céng viée tao trinh tu dy bdo va
st dung cdc s8 tay bdo tri d& hon ddng k& néu nha thist k& bidt rd cdc chi
tiet vé FMECA. Muc d¢ chi tiét duge thye hién véi FMECA dua trén muc
tiéu cia né. Vi du nghién ciu tidn khd thi cia hg thong 16n c6 thé tién
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hanh véi hé thang con chifc nang véi da s6 thist k& chi tidt da duge thuc
hién.

Sau d6 FMECA bit diu duge tién hanh vdi cde hong hoc lign quan
dén hé théng con va block. Khi thiét k& chi tist, FMECA sé dugc cap
nhét, gitip cho xdc dinh céc dac diém chi tiét cia hé thong. Da 56 FMECA
duge tién hanh véi cde dang héng héc riéng 1. Néu mét vai dang héng
hée t¢i han duge phat hign, anh hudng ddng thoi cua ching duge khao sdt
riéng biét.

Trinh tu thye hién FMECA nhu sau:

1. Xde dinh cac dang héng héce tiém tang cda hé thang.

2. Lién hé edc nguyén nhén, énh hudng va cudng do cia mdi dang
hong.

3. Uu tién cdc dang héng lién quan dén xdc sult xuadt hién, tinh nguy
hiém ctia ching va bién phdp khédc phuc.

4. Pua ra cdc hoat ddng ti€p tuc thich hgp va hiéu chinh mdi dang
hang hic.

9.3 PHAN TICH CAY SU KIEN

Cay su kién 1& su biéu didn dd hoa tat cd su kién c6 th€ trong hé
théng. N6 duge goi la cay bdi gi bidu dién 46 hoa duge tril réng ra tif tif cé
hinh dang cay vdi nhidu nhanh tao bdi 88 cdc su kién tang lén. Né dua
trén logic nhi phén, trong d6 su kign duge cho riang cé xdy ra hay khéng,
cae chi tiét ed lam vifée t6t hay khong lam vige. Gidi han chi yéu clia
phuong phdp nay la phan tif duge ha bac tung phan khéng thé tinh todn
dén. Phan tich nay duge bit dau theo trinh tu nguge véi FTA. Gid sit riing
cdc su kidn TOP cu thé (hdong héc) xudt hién, cdy dang hong xdc dinh su
k&t hop khde nhau va trinh tif cdc héng héc khac din dén sy kién TOP.

Trong phéan tich cay sy kién, chiing ta bat dau tir vai sy kién ban
d4u va 1a hau qué ctia hang loat su kién tiép theo dén khi su kién cudi
cung xudt hién, Khi gan mdi nhénh xdc suat xudt hién, k&t qua cudi cing
1 danh sich dai cde hau qud ¢6 thé cia s kién ban dau trong dé moi su
kién cé xdc sudt lién quan dén ching. Trong nhiéu trudng hop, cdu tric
cta cdy su kién c6 thé dude don gidn hon nba. Cde linh hufng nay xuit
hién khi mot su kién riéng 18 nao dé din dén két qud cudi cing, khong
chi ¥ d&n bat ky sy kién trung gian nao xdy ra sau dé.

Trong ly thuy&t hé théng 46 tin cay hién dai thi ta st dung kha
niém su kién thudng xuyén hon, héng chi 14 truong hgp riéng cua su kiégn.
Cho nén trong thini gian gan day khi phan tich hé théng thudng thay thé
cay dang héng bing ciy sy kién.
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s kien Mire 1 Muie ¥ Mite n

ban dau

Hink 9.1

Theo quan diém dé tin cdy thi cay su kién va cAy dang hong bidu
dién dudi dang su dé khéi chi minh hoa cho cde mé hinh xdc suat. Tuy
nhién né duge quan tam dac biét khi van hanh va bao tri hé théng. Theo
sa 46 nay ngudi k¥ su khong edn c6 kidn thife vé xde suit théng ke, c6 thd
theo déi qud trinh va tim duge phuong €n phat trién sy kién khéng thuan
lgi. Ta 6 thé du dodn tinh mao hifm mong dgi néu nhu duge trang bi cde
thiét bi théng tin 4 tuong ing. Theo cdu tric cdy su kién ta cd thé xdc
dinh xdc sudt xdy ra. Dang téng qudt ciy su kién trinh bay trén hinh 9.1
Co sd cua cdy 14 su kién ban ddu K, sau dé 1A cdc su kign ¢ made 1, ky hiéu
En, Ea, .., Eyy. Trong bai toin dé tin cdy thudng cé hai nhanh E|; va Ey,
tuong ung sy kidn hong va con khd nang lam viée, Tugng ng ta cé su
ki¢n cdc muc tiép theo. Cudi cay 14 mét day lién tidp cdc su kién va xdc
sudt xay ra day su kién nay (hinh 9.2),

Khuyet 131 Khoy@ae  Toa taukhony Kluyd e Hien uring  Trilkhen Xide seil

=4
duritng ray Wi han st chita duse el kv cong vt duiig ray  cudi cing
o
TR (3
2
AV
.99y Na “
. s 1,794
&t_‘(
Nir R
Yoo .
0,999 e Vs (L004
ILIHF
_— Yes
. { ; 1001
ks &1 tit pyw ¥ e 0.0
Yo
Yes o 04HL
UCILTY

Hinh 9.2 Cdy su kidn
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Cay su kién chi minh hoa cdc cang thite co ban clia 1¥ thuyét xdc
sudt. Xdc sudt ting vi tri ky hiéu E;, vdi chi s0 d4u tién 1a s6 sy kién, chi
s6 thd hai 1a mue do sy kién.
Vi du ta khdo sdt su kién toa tau trit khéi dudng ray. Trén hinh
9.2 14 cay sif kién va hinh 9.4 1a cay dang hong minh hoa cho tinh hudng
héng nay. Su kién d4u tién ta do khuyét tat cla dudng ray, khuyét t4t nay
chia ra téi han va khéng tdi han. Trén cay su kién xdc sudt xudt hidn cdc
Khuyét tat d6 1a 0,001 va 0,999. Céc & lidu chi chon tuong ddi vi khong c6
$6 lidu v& qudng dudng di chuyén, thoi gian quan sdt..

9.4 PHAN TiCH CAU TRUC CAY DANG HONG

Céng cu hitu ich dé thuc hién phan tich an toan hé théng 13 phén
tich cdu tric ciy dang héng (goi tit 14 FTA). FTA 1a k§ thust thist k& d8
hoa, né quy dinh cdc lua chon so dd khéi dé tin cay. _

FTA duge su dung rong rai trong céng nghiép hang khéng va hat
nhdn, de lién quan dén d6 an foan cho con ngu&i. Thd tuc FTA Ian ddu
tién duge gidi thiéu trong cdc phong thi nghiém cda Bell Telephone lién
quan dén phan tich an todn cia hé théng diéu khién tén lia Minuteman
vao nam 1962, Tiép theo dé phuong phdp nay duge phdt trién bdi céng ty
Boeing vao gida nhimg nam 1960. K& tir 46, FTA duge sit dung rong rai 4é
nghién ciu 4§ tin cdy va an toan cia cdc hé théng ldn va phde tap cho céde
ing dung chan dodn.

Trong khi mue dich FMECA 1a d& phdt hién cdc dang héng v3 dnh
hudng ¢d thé, thi FTA cho phat tridn cdu tric ma tir dé6 cdc quan hé logic
don gidn cé thé s dung A& didn tid su tuong quan xde suft gida cde su
kién khdc nhau, ma nd din d&n héng héc cha hé théng. Trong thuc té&
FTA duge thie hién trudc FMECA trong cdc truong hgp thist k&, van
hanh clia hé théng duge ude lugng va su lidn quan nguyén nhdn va dnh
huéng din dén héng héce cia hé thong duge phdt hién. FMECA trd thanh
bude cdn thiét dé hidu bin chat ciia hé théng ma khéng can lién quan dén
FTA va phan tich 46 tin cdy.

Nhur thé, ching ta cdn phai bigt hé théng lam vidc nhu thé nao
trude khi xdy dung cay hé thang. Chife nang hé théng dugc trinh bay bing
ham s hodc biing bidu d3 ti&n trinh, trén dé bidu dé thong tin, vat lidu,
tin hig¢u va cdc dich vy khdc duge biéu thi. Sau d6 biéu dé duge sl dung d&
xdc dinh chudi chic ndng khic nhaw, tir gid tri nhdp dén xudt. Tiép theo,
biéu dé logic dude chuin bi-dé chuyén cde quan hé chic nang thanh cdc
quan hé logic giffa cdc phdn tit khdc nhau cia ha théng. Mét khi sy quan
hé logic gifta cdc phan td khédc nhau clia hé théng duge thiét lap thi sy
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lién quan gidfa nguyén nhin va 4nh hudng khi van

hanh hé théng c¢in phai duge nghién cu va ey Sy kien TOP

) _ hé théng héng
dang héng cda hg théng duge phat trién. Trong tdm I

la ching ta phdi x4c dinh c4c hong hée nguy hiém
va dua né 1én thanh sy kién TOP cta so d6 c4u trie
cdy dang héng. Phan tich chdt lugng gdm c¢6 phat I
hién cdc sy két hgp khéde nhau cdc su kién 13 nguyén
nhén cia sy kién TOP sé xuit hién. N6 dé thé kem
theo sy phén tich s8 lugng dé ddnh gid xdc suat xuit
hién cac sy kién TOP. C4u triic ¢y dang héng dién
hinh ¢6 dang hinh 9.3.

Su kién tdng hop

Céng AND/OR

Hinh 9.3 Suv dé téng qudt
cdu triic edy dang héng
FTA cta hé thong phic tap ddi héi phdi ¢6 khai niém chinh xde vé
sy lién hé chiic ning cda tdt cd cdc phdn t, nguyén nhan héng va hau qua
cia ching.

Trit khdi
dudng ray

Cg.oos

0,001 0.004 0,001

Xuit hién
cdng hudng

P22 =0,005

huyét tat nguy
hi¢m dudng ra

Cidc khuyét it
theo chu ky

inh khéng sira
chifa toa tiu

P11 =0,001 P21 =0,8 P31 =0,001
Hinh 9.4 Cay dang hdng

Céc ky hiéu sif dung trén cay dang héng trinh bay trén bang 9.1.
Xay dung cau tric cdy v6i hai cdng logic 1a AND va OR duge sit dung dé
quan hé vdi cde sy kién la k&t qud, cd s& vi trung gian hodte cdc hérg héc
véi su kign TOP. Sy kign thdp nh4t la cdng nhép, sy kién TOP la céng
xuit. Dang cOng xdc dinh tiy thude vao t&t ¢d cdc sy kién nhap phai xdy
ra thi sy kién xudt mdi xdy ra (cdng AND) hogc 1a chi mdt sy kién thap
xdy ra thi su kién xudt sé xdy ra (cdng OR).
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Bdng 9.1 Cde ky hiéu edy dang hing

Ky hiéu Y nghia

Hinh ch&@ nhat: Misdu td s kién hdéng 1a k&t qua
tir st két hop logic cdc sy kién héng qua ddu vao
cla edng logic.

Hinh tran: Biéu dién suf kién héng co s& hodic dang
héng cia chi tidt ¢o bdn. Xdc sudt xudt hién sy kién
hdng, dang hong va miec d6 sia chida thu duge tir
cdce dir ligu thye nghigm.

Hinh thoi: Bitu dién sy kién hong ma cde nguyén

Tam gide A: Bidu dién chuyén céng nhdp va duge
st dung &% tranh cdc phan doan lap lai cla cay
dang hong.

Tam gide B: Bidu didn chuydn cdng xuat va duge
st dung d& trdnh cdc phin doan lip lai cla cay
dang héng.

Céng AND: Biéu dién sy kién héng ddu ra chi xuat
hign khi va chi khi tat ca cdc su kién hdong diu vao

nhian cia né khéng duge phdt trién hoan toan do
thi&u quan tam hodc thidu théng tin.

XAy ra.

hién néu nhu mot trong cde su kién hong diu vao

XAy ra.

Thiét lap cay dang hdng thuc hién theo trinh ti sau:

1. Budc dau tién cia FTA 1a xdc dinh sy kién TOP, sy kién nay giy
nén héng hée nghiém trong cha hé thing.

2. XAy dung vai cay dang hing khdc nhau nhung tuyong ducng cho hé
théng dang khdo sdt. Ngoal ra cde siy kidn TOP khde nhau din
dén cdc ciy su kidn khdc nhau.

3. Cho mdi sy kién TOP riéng 18, mdi sy kién cé thé duge khao sdt c6
x4y ra hay khéng, hodc riéng 1& hodc lién két vdi cdc sy kigén khde
gdy nén sy kién TOP. '

4. Céc su kién tédng hop ddn dén sy kién TOP va cdc sy kién ting cdp
ghy nén cdc sy kién téng hop dude xdec dinh. Qud trinh tiép tuc
dén khi cdc héng héc thap nhat duge xdc dinh.

5. Tip hop cde su kién khi xdy ra tdt ¢4 s giy nén sy kién quan tdm
duge gdn cdng AND,
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6. Tap hgp cdc sy kién khi mot sy kign nao xdy ra sé gdy nén su
kién quan tam duge gdn céng OR.

Sau day sé trinh bay su chuyén déi gita so dé khdi va so dé theo
cdu tric cay dang hong. D&i véi hé théng gém 4 phan tir méc nai tiép ta
c6 thé bidu dién 4 sa dd tinh todn d6 tin cay (hinh 9.5). Hai so dé c6 dang
so 45 khdi (hinh 9.5a, ¢), 2 su 48 cd dang cdu tric cdy (hinh 9.5b, d). Gach
trén cdc bién logic 14 su kign d8i nhau. Ky hiéu A va E 1a trang th4i ban
d4u va k&t qua (héng) cia hé. N&u ky hiéu Xi la bién logic, tugng dng vdi
trang thdi lam viéc cia phén t thd i, S 1a trang thdi 1am viée cda hé
thong thi so dé hinh 9.5b 1a c4u tric cdy héng cia hé théng, sg 44 hinh
9.5d 14 cdu tric cdy kha ning lam viéc cia hé théng.

Hink 3.5
Phan tich tuong tu cho so dé hé théng gdm 4 phin ti song song
nhy hinh 9.6.

Hink 9.6
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Trén hinh 9.7a la so dé cia hé théing hén hgp. Trén cac hinh 9.7b,

¢, d 14 cac so db tuong duong dé tinh todn d@ tin cay. So dé hinh 9.7b la

cay dang héng, so dd hinh 9.7c¢ 1A so 40 khéi tinh d§ tin cay theo xde suft
khéng héng, sd dd hinh 9.7d 14 cdy khdng héng.

Hinh 9.7
Ung dung cédc nguyén tdc trén ta lap so 46 khoi cho hé théng cang

may bay hinh 9.8a. C4u tric cay dang héng ¢6 dang nhu hinh 9.8c. So 46
hé théng dé danh gia va phan phdi do tin cidy nhu hinh 9.8b.

| 1
| [
[ i
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NI |¢I 2 W W:
| i [

-
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?
R
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Héng héc hé thing
cang may bay

+

[

]

Hong hoc hé
thing trude

Héng hée hé
théng trung tam

Hdéng héc hé
théng sau

Hdéng hoe banh
trung tdm 1

Héng hée bédnh

W trung tam 2 W
[ |
Héng héc R Héng hoc
banh sau 1 ' banh sau 2

Hinh 9.8 Phén tich cdu tric cdy dang héng

0 0
EOO6H OO O

Hinh v& 9.9b la cdu triic cdy dang héng cia hé thdng phanh trong

xe 6t6 (theo so dé hé théng phic tap hinh 9.9a).

]wcﬂl ER2

—{Wed——{BP,}—
{-

(8P,

a) Sa dé khél hé théng phanh trén xe 6t6
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Hé thang
phanh hing

.

[ !

Hong hé theng Hong hé théng
plianh thuy e phanli co

Hdng hé théng Hing bée dém
bdnh phanh phanh pliia zau

[ | [ i
Hong phanh Hong phanh
wan Lral i pha

AN AR
@ @ @ @6 @

b) Phan tich edw tric cdy dang héng hé thong phanh
Hinlh 9.9

9.5 CUT-SET NHO NHAT
Mét dang khac coa phén tich dinh lugng 14 s dung cut—-set nho

Hing phauh Hiug phanh
tritde Lral trcse plia

nhit (goi tat 1a MC). Cul-set 13 tap hop cdce su kién co s& 13 nguyén nhan
xay ra su kién TOP. Khi ta8l cd su kién trong cut-set xAy ra thi su kién
TOP mdéi xay ra.

Cut-set 14 tdp hgp cde sy kién chinh, khi xuat hién la nguyén
nhin hing hée hé thing, c¢é nghia 14 xdy ra su kién TOP. MC la tap hap
nhd nhal cdc su kién chinh lam sinh ra su kién TOP néu nhy tdt ca cée su
kién cta Ldp hgp xuadt hién. Piéu d6 c6 nghia 1a khong ¢d su kién khéng
Lién quan trong tdp bgp méa hdong héc eda ching khéng gép phan vio su
kién TOP. Pdnh s6 trong MC 1a budc cdn thigt d& ude lugng 4o tin cay cla
hé théng. Sy thé hién MC dua 46n nhém két qui dinh tinh nhu la cde
diém yéu cba hé thong, cdce thanh phdn du trir bi héng hoac la anh hudng
cia phan ttr da cho lén loan by d6 tin cay hé théng Cdc phuong phap
khac nhau duge sif dung d€ xdc dinh MC. Mot trong cdc phuong phap, nhu
phuong phdp qui nap thi MC xuit phat truc tiép tir cdy dang hdng. Lua
chon thi ba bit ngudn mét cdch tu déng tir bicu dd khéi.

Trong phueng phap cay dang héng, MC duge dinh nghia biing cich
bigén dbi cdy dang hdng thanh bigu thite dai s§ boole. Khi d6 méi bién dai
56 boole dude gén cha méi su kién co sd. Sy kién xudt cia edng AND duge
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gdn bién dai sd boole bing gid tri nhé nhdt cta bign dai s6 hoole cia s
kign ddu vao. Sy kién xudt cia cdng OR duge gdn bign dai 88 boole biing
gid tri 1dn nhat cda bién dai s& boole cta sy kién ddu vao. Cudi cing biéu
thic dai 84 boole thu duge tir sy kién cudi cing khong mong mudn nhir 1a
ham cua cdc bién dai 36 boole lién quan dén mdi sy kién co sd. N6 sé
thuin tién khi xde dinh “bién dai s8 boole” cho su kién dién hinh A, biéu
thi biing X,, gid tri X, = 1 néu nhu sy kién A xudt hién va X, = 0 néu su
kitn A khéng xudt hién.

Tinh dé&n cong AND vdi n su kién ddu vao va 1 su kién ddu ra A,
Néu n su kién 1, 2, ., n ¢6 cde bidn X, X,... X,. th su kién ddu ra A duge
xdc dinh nhu 14 tich cda n su kién hodc ¢ thé ndi sy kién A s& xudt hién

néu tdt ea n sy kién ddu vao xuat hién, Do dé ta co the viet:
n
Xo=[]x (9.1
iol

Su kignTOPR

e s A 7
Hinh .10
Khi X, bicu dién nhu la tich cia 1 va 0, gid tri X, sé 1a 1 hoac 0.
Nhu thé X, ¢ thd xdc dinh nhy 14 gid tri nhé nhat cia X,
Tinh dén cng OR vdi n su kién ddu vaoe va 1 su kién ddu ra B. Su

kién dau ra B duge xde dinh nhu 14 tdng cia n sy kién hodc cd thé néi sy
kién B s& xudt hién khi tat ca n su kién d4du vao xudt hién. Do d6 ta cé
thé viét:

n

X,‘zl—n[l-xl] {9.2)

i=l

Gia tri X = 1 néu tdt ca gid tri X; = 1. Nhu thé X5 ¢6 thé x4c dinh
nhu 14 gid tri l6n nhat cia X,.

Khi MC duge xdc dinh, ta st dung ching dé& phan tich dinh tinh
cua edy dang héng. Theo dinh nghia. MC bat kv cé thé din dén su kién
TOP. Do dé. ta cd thi xay duny lai cAy biing cdch k&t ndi su kién TOP va
cong OR, véi mdi MC bidu dién da liéu duge dua vao biing cdng OR (hinh
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9.10). Theo dinh nghia su xuit hién cia MC dua dén hong héc cia tat cd
cdc phén tk {cdc hong héc co sd) ewa tip hgp. Nhu thé cdc phin ti rigng 1&
cia mdi MC duge két ndi qua cdng AND. Do dé, theo thuit ngid MC, bt
kv cdy dang héng nao cé thé bifu didn nhu hinh 9.11. D6i vdi MC dién
hinh bao gém s phan tir ta c6 thé vidt:

Xme, = [1XY (9.3)
1=l

Sif kién TOP

[MCi] [MC2] | (Mc]  [McGq)
Ll 1 L

Cic hong e Cae hong hoe L Chie hone hie e hong hoe
e st eda MOy e sd etia MGy ed s etn MCa e sd etia MC,

Hinh 9.11
T cbng thie (9.3), X!\"1a bién dai s8 boole cho phén ti thit j (héng
héc eg sd) néu MC va tat cd cdc phan tif cda MC; duge cho 1a dge lap. Xde
sudt xudt hién MC; duge xdc dinh theo céng thuie:

Puc, = HP_:” (9.4)
=1

trong dé P}“lé x4c suat hong cGa phan tif tht j trong i MC (bing gid tri
mong doi X{ji’ ).

Bién dai sd boole tudng éng vdi su kién TOP cé thé bidu dién, s
dung MC, nhu sau:

11

X =1 ml_[{l—xwl) {9.5)

Tir cdéng thae (9.4) va (9.5) ta thu dugc:

Xrop =1-f[[1-ll[x‘j“] (9.6)

i=] i=l
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trong d6 phdn td thi j cia MC(X!") duge xem nhu phdn tu I cia
MG X,
Trong triing hgp cdc phan tu ridng 18 12 déc 1ap nhung MC c6 thé
khéng dgc lap. Khi vai cut-set déng gép cdc phdn ti nhu nhau, ching s&
phu thude 14n nhau gitla cde MC. Sy phu thuge nay c6 thé tinh dén khi si
dung quan hé sau: '
151k (i
XXt = X1t 9.7
Gdi ¥ nay dugc ude lugng bing tich kép: .
[T (9.8)
i=l )=t
Ching ta cin phédi nhén x&dc sudt tit ¢d cdc phdn td chi mét 1dn
ma khéng cdn xét dén gia tri nhap vao trung nhau.

9.6 UNG DUNG PHAN TiCH HE THONG TRUYEN
PONG THANH HE THONG

Trong mét mdy bao gém nhiéu chi tiét, dé tinh todn db tin cdy cGa
mdy, trudc tién phdi phan tich ching ra thanh mgt hé théng bao gom
nhiéu phén t& Sau dé tién hanh phan tich c&u tric cdy dang hdng d8
ddnh gid d§ tin cay cia hé théng. Do d6 thay vi xde dinh d6 tin cay cta
mdy thi ta s& xdc dinh d6 tin cdy cia hé théng.

Hinh 9.12 So d6 dong ciia hé théng truyén déng

Ta tién hanh phéan tich va thiét k& theo do tin c4y cho hé théng
truyén déng co khi dién hinh 1a hop s§ sdu cép téc d6, bao gém céc chi
tiét dién hinh: truc, banh rang, 6 lan, then (hinh 9.12).

B¢ ti€n hanh tinh todn theo d§ tin cdy ta thuc hién theo trinh tu
nhu sau [43):
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e Can cd vao sy d6 déng tién hanh xay dung db thi s& vong quay dé
tinh van téc gée cho edce cdp tic do.

+ Phan tich c4c chi tiét thude hé thong d¢é xiy dung so 46 khoi cla
hé théng truyén dong, tir 46 d4nh gis hé théng & lam viéc theo so
dé song song, ndi tiép hay phuc tap.

s Cin of vio cdc dang héng cia chi tiét trong hé théng va sa dé
truyén déng hinh thanh ciu tric cady dang héng cia hé thing.

+ Danh gid 48 tin cdy cda hé thing theo cdu trac trén.

il

ny n

Hinh 9.13 Bé thi s6 vong quay

Theo hinh 9,12 hé théng gém 10 bénh ring duge ldp trén ba truc,
trong d6 ¢6 hai kkhdi banh ring di trugt trén trye I va true IIL Nhu vay hé
théng cho sdu cap tée d@ vdi cde vi tri 1am viée sau:

- Vi trf 1 truyén déng tir bdnh rang 1-2-10-9 cho vén téc géc n,
- Vitri 2 truyén déng (0 banh riang 1-2-8-7 cho vén téc géc ny
- Vi tri 3 truyén déng tit banh rang 3-4-10-9 cho van tdc gée n,
- Vi tri 4 truyén dng ti banh rang 3-4-8-7 cho vén tdc géc ny
- Vi tri 5 truyén dong ti banh riang 5-6-10-9 cho van toc gée ns
- Vi tri 6 truyén dong ti banh ring 5-6-8-7 cho vén tc gée ng

Do dé so d4d déng bo tri db thi s& vdng quay nhu hinh 9,13,

Trong hé théng truyén déng trén, cdc nguyén nhdn giy cho hé
théing hoéng 1a do than may, truc, then, banh rang va cic & lan hong.
Trong muc nay chi d& cip d&n cac phin tir giy hdng héc cho hé théng la
cac chi tiét truyén déng: truc, then, banh rang, & ldn. Su héng héc cla cic
chi tiét nay do nhidu nguyén nhan ddn dén. Do 46, dé xét téng quat cho
ca hé thong ta xdy dung s d6 khéi nhir hinh 9.14, trong dé thé hién tién
trinh lam viéc cda hé théng.

Do then ¢d 48 tin cdy tuong 481 cao nén khi phén tich cdu trac cay
dang hdéng sé bé qua chi ti&t nay va xem bing 1.

T so dd hinh 9.12 trinh bay sg bd cde vi tri lam viée ciia hé théng

tif ddu vao dén diu ra qua cde chi tiét truyén dong. Do do, ta thdy ring hé
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théng s& khéng hoat dgng théng) khi mét trong cde sy kién truc (1, 2, 3),
cde then, kh&i bdnh réng (1, 2), nhém banh ring (1, 2) hing. Nén hé
thong truyén dong dugc xem la mét hé théng gém cde phin W mic ndi
ti€p. song song. Nhu vay d& ddnh gid dd tin cay cia h¢ théng ta phai tién
hanh ddnh gid dé tin ¢ay coa timg phAn td trong hé thing dé. Muén xdc
dinh d§ tin cdy cia ting phan tu riéng bist thi can ci vao cic dang héng
héc cua ching dé ddnh gid. Dya vao cde dang hong héc d trén, ta 6 so 48
cdu tric cdy dang hdng nhu hinh 9,15,

Diu Khivi
True -
o | BR |

Truc 11

vian

i

Td

Khii
BR 2

True [T

Hinht 8.14 Ser do khoi ciia h¢ thong truvén déng

Trong so0 d4 nay, hé thing hdng la do truc, then, 8 lan, khéi banh
rang di trugt, cdc nhém banh riang. Trong dé true hong la de mét trong ba
true bi hong, cdc tryc duge xem la mdc ndi tiép nén st dung cfng logic OR
nhy so 44, xét tuong tu cho khdi hanh rdng di trugt. D& véi cde nhém
bdnh rang, su héng héc cia mot trong cde cap bdnh rang an khdp héng s&
dan dén sy héng héc cta timg nhém, nén cde cap bdnh ridng dn khdp duge
xem la m#c song song. O day, su héng héc cda ting banh ring trong cdp
banh rdng &n khdp 1a do cdc dang hong cia bdnh rdng va 6 lan cung 14p
trén truc vdi banh rang dé giy nén. Vi vay 46 tin cdy cua cdc bdnh rang
tir 1 dén 10 duge xde dinh gém 2 nguyén nhéan duge xem la mdc néi tiép
gay nén: dang hong cta bdnh rang do un va do tiép xic. Mot trong ba
nguyén nhan gdy héng hée cho bdnh riang 1a do 6 lin duge xay dung nhu
sau: he théng ¢6 tat cd 6 ¢ lan duge ddnh s§ theo so dé truyén ddng hinh
9.12, do dé su kién & lan héng la do mét trong hai nhém & sé héng 1a By,
B, hay By, By, Bs, B,. Chinh vi vAy cde 8 nay duge xem 1a mdc ndi Liép.
Céc phan tich trén day duge xay dung thanh sg 44 cdu tric cay dang hong
nhu hinh 9.15.

Bé phan phdéi d6 tin cdy vdi gid thanh cho trude ta phdi gidi bai
todn t4i vu (chuong 11).
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Hé thing
hing

True hing

Khii binh Nhdun | Nhom 2
ring hong hiaig hing

Y

© OO OLEO
o¥e

l
Binh rang
hong (1-16))

O lin hémy

'

Hinh 9.15 Cdu tric cdy dang hdng cia hop tée dé: Tr; G = 1 = 3) true thi
3 Citk = 1 = 2) khéi banh rang di truot tha k; G (i = 1 + 10) cde
banh rdng thit i; B,, (m = 1 + 6) 6 liin Ildp trén 3 truc; DH, (n = 1 =

2) dang héng ctia bdnh rang (theo dé bén tiép xiic va d6 bén udn)

9.7 KET LUAN
Dhita theo ciu tric cdy dang hong hodc cay su kién theo phuong
phédp suy dién ta c6 th& phan tich mdy hoiac hé théng co khi thanh hé
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thdng. Tuy nhién cay su kién duge quan tdm dac biét khi van hanh va béo
tri hé thdng. D& d4nh gid va thiét k& hé thong co khi theo d3 tin cay ta
sif dung cau tric cidy dang héng. S8au khj phan tich miy hodc hé théng co
khi thanh hé théng ta phan tich d§ tin cay ting phén td hé théng dé xdc
dinh d9 tin cdy hé théng hodc phan phéi do tin ciy cho timg phén tir dé
ddm béo dd tin cdy cho trudc hé thong.

Trong chuong 10, 11 ching tdi s& trinh bay tinh todn thiét ké va
phén tich cdc phén t¢ hé thing (chi tiét mdy) theo dd tin cdy d€ ddm bso
dd tin cdy cho truge hé thong hoiic ddnh gig d6 tin cay hé théng sdn co.

9.8 BAI TAP
9.1 Phan tich cdu tric cdy dang hdéng cho cic hé théng truyén déng hinh
9.16.

d)

1- Béng co; 2- Bo truyén dai; 3- HOp gidm tdc¢
4-B& truydn xich; 5. N&i tryc dan hdi; 6- Bang tai
Hinh 9.16 -So d8 hé thong truyén déng cho bdng tdi
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9.2 Phan tich cdu tric cidy dang héng cho ede hop toc dé nhu hinh 9.17.

Truc cédng tac

dj \_ —

Hinh 9.17 Co edu bdnh rang di truot
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PHAN TICH VA PHAN PHOI
PO TIN CAY HE THONG

Trong ky thudt thi cdc chi tiét hoac phdn tir lidn k&t thanh cdc hé
théng. Cdc thidt bi, qui trinh céng nghé, két cau cong trinh, ha théng giao
théng, thiét bi dién- dién ti. duoc khdo sdt nhu 1a mét he thong két hop tor
nhiéu phan tu. Cdc hé théng phic tap duge chia thanh cde hé théng con.
Phan tich 48 tin cdy hé théng rdt quan trong trong qud trinh thidt k& k¥
thugt.

Hé théng theo quan diém dj tin cay c6 thé la nai ti&p, song song
hodc k&t hop. Vi du dién hinh nh4t cua hé théng néi t&p 1a day chuyén may
cong cy tu déng khéng c¢é cdc thanh phan va kho chda du tri. Tuy nhien,
khdi niém "hé théng néi tiép" trong cdc bai todn do tin cdy ‘rong hon" ma
¢hdng ta nghi. Trong hé théng nay thi hong héc cia mét phdn tit ddn dén
héng héc cda cd hé théng.

Céc vi du ctia h¢ théng song song 1a cdc hé théng nang luong bao
gom cdc nha mdy phdt dién (nhiét dién, thiy dién .} trong mang ludi dién
quic gia, ngay 22/10/2005 Viét Nam khdnh thanh dudng ddy 500 kV mach
hai, tao thanh h¢ théng dudng day cao dp song song néi lién Bic Nam, mdy
bay nhiéu motor, tau cé hai mdy va cdc hé théng du triy,

Nhiéu hé théng duge tao thanh tir cde phin ti, ma héng hée cia cde
phdn tit nay duge khdo sdt doc lap. Tudng ung véi nhém nay la da s& cdc he
théng khi khdo sdt chinh xde theo cdc hong héc tham s8 cua chiing.

H¢ thong c6 thé bao gdm cdc phdn ty, thay ddi cde tham s§ cla cde
phan td nay xdc dinh su héng héc cua hé thing tiap hop hodc 1a dnh hudng
dén khd ndng lam vidc cla cdc phdn tif khdc. Tuong tng véi nhém nay la da
s0 cdc hé théng khi khdo sdt chinh xdc ching theo cdc héng héc tham s6. Vi
du hdng hée cdc mdy coéng cu chinh xde theo tidu chudn tham 80, mdt mdt do
chinh xdc, 12 thay ddi tap hgp 46 chinh xdc cia cdc phan ti rieng bit: truc
chinh, duting dn hudng ...

10.1 DO TIN CAY HE THONG NOI TIEP VA SONG SONG

10.1.1 P4 tin ciy hé¢ thong néi ti€p

Mét trong nhing sy phu thuge quan trong dé tin ciy la sy phu thudc
d tin cay hé théng vao dp tin cay c4c phdn tir. Cde vi dy hé théng néi tiép



Chuang 10
trén hinh 10.1. Khi m8i phin tir cia hé théng bi hong thi toan bé hé thong
58 bi héng.

7

1
— RN —‘ R ‘| |] R{t)

¢} Sa dé hé théng ndi tiép
Hinh 10.1 H¢ théng néi tiép

Ta khao sdt dé tin cay che mé hinh tinh todn don gidn va dic trung
nhit trong nganh ché tao mdy tit n cdc phin ti mic ndi tiép, ma & 46 hong
héc clia mdi phin t& sé giy nén héng héc toan by hé thing va hdng héc cédce
phéan tit duge xem nhu la déc 14p vdi nhau.

Ta sit dung 1y thuy&t nhan xdc sudt, theo d6 xdc sudt cia tich, nghia
la cha sy xuat hién dbng th&i cde s¢ kign déc idp nhau, bang tich xdc sudt
cha cdc su kién nay. Do d6, xde sudt lam viéc khong héng cla hé thdng bing
tich xdc sudt lam vidc khéng hdng ctia cdc phédn td riéng 1é.

Ru(t) = Ry(HRy(8) ... Ryt)= [ [Ri(© (10.1)
. i=l
Neu  Rilt) = Ra(t) = ... = Rt} thi:
Ru(t) = R (1) (10.2)

Do d6, b tin cay hé théng rat thdp. Vi du ndu hé théng bao gbm 10
phén tir véi xde sudt lam viéc khdng hong 0,9 (d8i v4i o 1an) thi xdc sult 1am
viée khéng héng hé théng la:

Rilt) = 0,9 ~ 0,35

Théng thuing xdc suft ldm viée khong héng cta cdc phdn ti rat cao,
do 46 néu ta bifu didn R,{t), Ryt) ... R,{t) qua xdc sudt héng thi theo ly
thuyét phép tinh gian ding ta cd:
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Rylt) = [1-Fo{t)][1- Fytt)] . [1- Fuie)]l = 1 - [Fy(t) + Folt) + ... + F,(t)]

Né&u

Vi du 10.1

Fity = Foit) = .. = F, (1) thi ta cé:

Ry (t) =1 - nFyt)

(10.4)

(10.3}

Khdo sdt hé thong mdc noi ti€p bao gdm n phan ti bat ky. N&u xdc
sudt héng cia méi phdn w la F, = 0,05, hay xdc dinh xdc sudt héng Fy, cua
hé théng vdin = 1, 2, 3.5 va 10,

Giai:
Su dung cong thae (10.1) ta o6:
Fiu=1-R,=1-R"
=1-(1 - F)" = 1 — (0},995)"
Tuong dng véi gid tri n ta ¢d xdc sudt héng trong bang 10.1.
Bang 10.1

n 1 2 3 5 10
F.. | 0,05 0,0975 01426 | 0,2962 0,4013
Ry | 0,95 0,9025 08574 | 0,7738 0,5987

Vi du 10.2

K&t ¢cdu gém hai phan ti hinh 10.2a duge xem 1a mc néi tisp. Két
c&u bi héng khi thanh AB hoac la day BC bi hong. VAt lidu thanh AB c6 gid
tri gidi han chay trung binh &, = 248 MPa, mémen cdn udn 1a dai lugng don

dinh W = 36000 mm”. Phin t& BC la day thép ¢6 dueng kinh trung binh d
25 mm va gid tri trung binh gidi han bén &, = 400 MPa. Gid si¥ ring lue F

I

6000N la dai lugng don dinh va khéi lugng cdc phan tit AB va BC 1a khéng
ddng ké. Tinh dd tin ¢y cia hé théng, bist ring d4 bdn thanh AB phan phéi
theo qui luat logarit chuan va cé hé s8 bign p.hz'm la vap = 0,13 va 45 bén day
BC phéan phdi chudn vdi hé s8 bi&n phan vep= 0,14

A

F=6000M

|

C

2400

1800 TRO0

a) Két cau

| | | 1
L | ] I i
Thanh AB  Thanh BC
b} So dd tinh

Hinh 102
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Chuong 10
Giai:
a) Xdc dinh xdc sudt lam viée khidong héing Rag thani AR:
Kha nang tdi theo mémen uén cta ddm AB:

M =0, W = 248 36000 = 8928000 Nmm
Vi d6 bén ti 1& bdc nhat vdi mamen ubn, do d6 hé s& bidn phan cua
tdi trong gidi han sé bing vy, tir 46 sai 1énh binh phuong trung binh:
Sueh= Vag Mgn = 0,13.8928000 = 1160640 Nmm.
Ngoai ra vi 46 bén phin phdi theo logarit chudn, do 46 mémen gidi
han ciing phian phoi theo qui ludt logarit chudn vd&i sai lach binh phuong
trung binh va gid tri trung binh duge xdc dinh theo cdng thdc {2.53) va

(2.54);
St = YNl +v3,) =0,129

My, = (M, ) - o.s,sﬁmph = 15996

Mémen ldn nhét sinh ra trong thanh AB:

Map=F % = 6000. 2" _ 5400000 Nmm

Diém phan vi thanh AB xdc dinh thee cong thue:
Zoo - (Myyg =My ) (m“"‘"g-n Mintng s )
WAE T S - - ;
\/gfns t Sﬁ1L Jsl_uMgh

L {15,996 = In(34000001)
0129

Tra hang trén phu luc 1 ta ¢6 Rap = 0,99993593.

-383

b) Xde dinh xde sudt liam viéc khéng hing Rye day BC:

Dd bén tinh theo tdi trong ma day BC cé gid tri trung binh:
2
= _ d‘ _
th = AGJ‘ = T(T()'h

52
4
Vi d6 bén ti 12 bac nhat vdi tdi trong, do dé hé sd bign phén cla tdi

400 = 7853.975N

=T

trong gidi han s& bing vye. Sai léch binh phugng trung binh cda tdi trong
giéi han '
Sran = Fan Ve = 7853,975.0,14 = 1199,5565N

Luec cang day xdc dinh theo phuong trinh cédn bidng mémen d6i vdi
diém A thinh 10.2a):
F,.= 0,5F = 3000 N
Jiém phén vi ddy BC:
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Phin tich va phén phdi dé tin ¢4y hé théng

(my-m, ) _ (Fy _E‘:.‘_‘._)

Lige = -
T fsiast VS
__(8539753000) _ 4 4145
1099,5565 |

Tra bang theo phu luc 1 ta ¢d Rpq = 0,999994831

c) Pé tin edy cia hé thong:
Vi cdc phén ti AB va BC déc lap véi nhau cho nén ta cé:
Rt = Rap. Ry = 0,999935093. 0,999994831 = 0,99993076

10.1.2 B§ tin cdy hé théong song song

Trong hé thong khi ndi song song cdc phan tif ngudi ta quan tam dén
xdc sufit lJam viéec khéng héng cia toan bo hé thang, tie 12 toan bd cdc phan
tu cia ching (hoic la cdc hé théng con), hé théng khéng cé6 mat phén i,
khéng c6 hai phén ti,. khéng c6 n phan &if .. trong gidi han vin ¢on gitt cho
hé théng c6 kha nang lam viée, mac di cde chi tiéu khdce bi giam ddng k&. Vi
du médy bay 2 déng co c6 thé ti€p tuc bay khi 2 dong co bi héng: ngay
18/08/2005 mdy bay cua hang hang khéng Turkey Airway bay tir Istambul
dén Brussel ¢6 mdt déng co bi héng vAn bay an toan dén san bay Budapest.

Hinh 10.3a 1a ba dam sdp x&p canh nhau dé d& thanh véi tai trong
ngoal F theo phuong thing ding. Khi mdt ddm bi héng thi thanh vin con
ding yén. Hinh 10.3b 12 day cap goém nhiéu sgi cdp nho xodn lai. Khi mét
801 cAp nhé bi hong thi edp v&n cén khd nang lam viée.

Khi d6 xdc suit hong cda hé théng:

Fu(t) = Fyt)Fy(t). Fo(t) =] JR(0 (10.5)
1

trong d6 () - xdc sudt héng cGa phan tif thy i
Khi d¢ xdc sudt lam viée khong hong cho c4 hé:

n
Rudty = 1-Fptty=1- [[E'® (10.6)
1

Khij xdc sudt hong cla cdc phan ti gisng nhau e ta: Fuit) = F(t) va
Rty =1 - F,"(t).

Vi dy, khi n= 2; F, = 0,01, suy ra R, = 0,9999; khi n=3; F, = 0,001,
suy ra R, = (1,999999.

Git khd nang lam vige cda hé théng ti cde phén ti gigng nhau dugc
xdc dinh vdi sy gidp dd phédn phéi da thie:
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Chugng 10
LR{t) + KoLy
trong dé: chi $6 mi m bing 58 cdc phdn t& lam viée song song; Rit) va F(t) -
xdc suit lam viée khéng héng va xde sudt héng cia mdi phdn tir.

Mit cat ngang

@ .
-F y {t).-...
P
b} Rl

¢} Ba dé hé théng song song

Hinh 10.3 Hé théng co thanh phdn mde song song

Ta viét cdc k&t qud khai trién da thitc véi chi s6 mi 2, 3 va 4 tuong
ing cda hé thdng vdi (hai, ba va bén cdc phan tif lam viée song song):

(ReFY¥ = R*+ 2RF + F¥ = 1
(R+F¥ = R' + BRF + 3RF? + F' = 1
(R+F)! = R + 4RF + 6R%F? + 4RF'4+F* = 1

Cdc thanh phan d4u tién trong cdc da thue khai trién biéu didn xdc
sudt lam viéc khong hong tat cd cdc phan tu, cdc thanh phan thd hai - xdc
sudt héng cia mét phan tu va xdc sudt lam vide khong hdng cdc phén td con
lai, hai thanh phan ddu tién - xdc sudt héng khdng nhidu hon mét phan tir
(khéng hong hodec chi héng mot phdn t). Thanh phdn cudi cing bidu dién
xde suit hdng cla tit cd cdc phén tu.

Khi cdc gid tri binh thudng cuia cdc hé 56 bién phan cia tudi tho cdc
phan tir v = 0,2+0,8 khéng cin thiét phai tinh cdc phdn tir ma tudi tho trung
binh cia ching 5 1dn 1¢n hon tudi tho trung binh cta phin ti c6 tudi tho
thdp nhat. Can chd ¥ rAng 451 véi hé thing nhidu phén t, tudi tho cde phdn
td nay co gid tri trung binh gdn nhau thi khéng cdn thigt phai tinh t4t ca
cdc phdn t&. Déc biét khi hé sd bién phan tudi tho cdc phin ti v < 0,4 ¢6 thé
tinh khéng qud 5 phdn tu.
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Phén tich vi phan phii di tin ¢iy he théng
10.1.3 B$ tin cidy hé théng hén hop

Mot vai két cdu 1a két hgp cia cde phdn tif mie ndi tidp va song
song. Vi du hé thong trén so dé hinh 10.4 13 hé théng hdn hop véi 1 va 2
mic¢ song song va két hop ctia 1 va 2 véi phin tif 3 1a hé théng méc ndi tiép.

Hinh 104
Vi du 10.3
Xac dinh d§ tin c4y hé thong hén hgp gém 6 phdn ti nhy hinh 10.5a
vi: R, = 0,9; R, = 0,8; Ry = 0,95; Ry = Ry = 0.9 va Ry, = 0,98,

[Rized— R4

d)

Hinh 10.5
Gidi:
11¢ théng hinh 10.5a s& duge thay the bang hé théng hinh 10.5d qua
cdc thay thé hinh 10.5b, 10.5¢. Treng d6 xdc sudt lam viée khéng héng R,
Riz3, Rus, Rizaes duge xdce dinh theo edng thite sau:
Phén tir 1 vi 2 médc song song, do d6:
Ry =01-Fu) =(1- FF,)) = (1- (1-F' ) 1-Fy))
= {1-0,1.02)= 098
Phan t 12 va 3 méc ndi ti€p nhu hinh 10.5b, do dé:
Ry = Ry:Ry = 0,98.0,95 = 0,931
Phén tif 4 va 5 m&c néi tiép, do dé:
Ris = R4Rs= 0,9.0,8 = 0,81
Phan tir 123 va 45 mdc song song nhy hinh 10.5¢, do d6:

Rlz:mﬁ =(1- F|2345) =1{1- F:2:1F45J =(1-(1- Rl?.‘%)(l - Rm)]
= (1 - (,069.0,19) = 0,98689
Phan tit 12345 va 6 mic ndi tiép nhu hinh 10.54, do dé:
229



Chudng 1
R'hl. = R]‘Z:{-l!’;RH = 0‘986890,98 = 0.9671522

Vi du 104

Ta khao sdt k&t cdu thép hinh 10.6. Cdc ¢t d& duge ¢§ dinh va dam
dugc lién k&t bing chot. Tai trong tde dung bac gbm tdi trong ding F, =
5000 N va ngang Fy = 8000 N. D& don gidn tinh todn ta gid st réing 46 bén
nén cdc cot AB va CD Ién hon tdi trong dgc truc tde d9ng 1én cdc cft nay.
Gi4 s ring tdi trong 1a cdc dai lugng don dinh va d& bén la cde dai lugng
ngdu nhién. Cho trudc hé so bign phan v = 0,125 vpe=0,14 va vp=0,125.
Hiy xdc dinh gig tri trung binh va sai léch binh phuong trung binh kha
nang tdi cia cdc thanh AB, CD va BC 4& d6 tin cay két cdu R = 0,999

Fy, B
_n Cot AB
{—!
A I—{—I Dam B8C

_ Cot GD

a) Két cdu vai tdi trong b} M6 hinh phan tich dé tin cdy hé thong
Hinh 10.6

Giai:

D& phan tich do tin cAy hé thdng, két cdu ¢6 thé bidu dién dudi dang
s¢ d8 nhu hinh 10.6b. Hé théng bi héng khi dng suat sinh ra trong dam 16n
hon do bén ddm hodc khi cd hai ¢t AB va CD bi héng.

Ta goi Fy, la xdc suit héng cua hé thong va Fag, Fuc va Fep la xde
suit héng clia cdc phan tr AB, BC va-CD. Vi AB va CD la cdc phén ti médc
song song. Khi dé xdc suit hong cia hé théng duge xdc dinh theo cdng thuce
sau ddy:

Fur = 1 = (1-FpeX1-FapFen)
Trong hé théng méc ndi tigp 5t nhal ta nén chon xdc suat hdng cia
cdc phAn L& nhu nhau, khi dé:
Fye = FasFen
Ti day ta co:
Fi, = 1 - (1-Fye)?
ViFn=1-R=1-0,999 = 0,001, do d¢:
Fpe = 1= 4f1 = F,, =1-4/0999 =5,00126.107
Fs=Fp=0,022363497
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Phin tich va phin phdi d§ tin ¢dy hé théng

Suy ra: RH(" = 0,999499874 va Zipe =-3,1

RAB=R(1|)=[),9776365 va Z1AR = 2 =-2,0U5

My - Iy L Mg -5(1{)(:92“
Be = =- — =-3l
flséc L ]14Mpe

Tir ddy gid tri trung binh va sai lach binh phusng trung binh mémen
tai cho thanh BC: My = 1987632.5 Nmm; Sy, = 278268, 55 Nmm.

Mat khdc diém phén vi

— F — KO0
Mep = H o Mgy, - S 600

L T I N SN Y17 Y
J; ; (125 M e
Suy ra gid tri trung binh va sai léch binh phuong trung binh mémen
tdi cho thanh CD: M, = 3202668,89 Nmm; S, = 400333,61 Nmm.

Tuong tu ta cé:

Vi du 10.5

Hé thong cang mdy bay gdm 18 bdnh lip trén 5 xe nhu hinh 14.7a.
Xe trudc N gém 2 banh, 2 xe gita W, va W2 nam gidta than mdy bay gém 8
bdnh va 2 xe cudi R, va R, ndm gan dudi gém 8 bdnh. Hdng héce x4y ra khi 2
bdnh trude héng hodc 1 trong 2 xe gita bi hong hodc ¢d 2 xe phdn dusi bi
héng. Xe trudc, hai xe gita va cdp xe dudi tao thanh hé théng nai tiép. Cdce
bdnh clia méi xe xem nhu cdc phin ti méc SONE song (hmh 10.7b).

a) b)
Hinh 10.7

86 cde phdn t trong so dé khai 6 thé nhidu hyn s6 phdn t that cua
hé théng. Vi du nhu gian sidu tinh nhu hinh 10.8a gdm 10 thanh v& chiu lue
tinh dinh. Bdc siéu tinh bing 1. Gian ki héng khi mét trong cdc thanh 1, 2,
3. 4 bl hong. Ngoai ra gian con bj hong khi mot edp tit cdc thanh 5, 6,.. , 10
bi héng.
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1
Db tin cay cdc phAn torwr 1 dén 4 1a l_IRk {trong dé R, la dd tin cay
k=1

cta phdn ti thit k). Xdc sudt khéng hing cia méi cap tir cdc thanh 5, 6., 10
la R, +R, —R R, . Khi dé d6 tin cdy cia hé théng se la:

10 1t

R:li[l{kl_[ TR <R, -RR})
k=1

1=5 k=% k2

Sa dé khai bidu dién gian tinh dinh trinh bay trén hinh 1¢.8b.

a)

b)

Hinh 10.8

10.2 DPANH GIA PO TIN CAY HE DANG CHUOI (DAY)
GOM N PHAN TU GIONG NHAU

Kha nang tdi cua hé: thong thudng hé théng mdc néi tiép cé thé gom
nhidu phén 0 gidng nhau (xich kéo hodc xich tai gém nhiéu mit xich, bdanh
ring gdm nhiéu rang ).

Qui luat phan phéi khd nang tai cia chudi bao ghm n phan ti gidng
nhau tugng dng phan phéi s6 lugng nhd nhat miu, tic 1a day n s6 lay bat ky
tir phan phéi chuan kha nang tai cdc phan tu. Khi tang n thi ky vong todn
va sai léch binh phudng trung binh sé gidm (hinh 10.9).

Y tuéng cia phuong phdp nay la xdp xi qui luat phap phéi khd nang
tdi ctia hé thdng béng qui luat phan phéi chudn. Phan phdi xdp xi va phéan
phéi thuc t& khéng cé sy khdc biét dang ké tal vung trung tdm bdi vi vung
phan phdi nay xdc dinh xdc sudt lam viéc khong héng cia hé théng.
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{3

SR EN
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0,7
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|1d
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-4 -3 2 -1 0 1 7 a

Hinh 10.9 Mgt dé phdn phdi khd ndng tdi ctia ehudl phu thude vio sé cde
phdn ti
Sau ddy ta trinh bay phugng phdp ddnh gid lusng d8i don gian va
chinh xdc hon d& ddnh gi4 do tin cdy cua hé thong gdm nhidu phdn t gigng
nhau, khi khd nidng tdi va tai trong duge phan phéi chuin theo ¢ hé théng.
M

) £
4 // 10 n=1
' 2
3 o 0.8 —T" |,
/ 1o
/| 0.6 =—=———T57 °°
2 : =Y g
4 5%
0,4
1 / ==
0,2
0 10 102 103 0% g% N 0 i > e z,
a) bl

Hinh 10.10 Cde théng sé phdan phéi khd ndang tdi cia hé théng:
a) vi tri; b) dd phin tdin

Gia st quy luat phan phai khd nang tdi cia cde phdn td S, va tai trong
tdc déng 1én hé théng L 1a phén phdi chudn véi ky vong todn myy va m va
sai léch binh phuong trung binh Sy va S;. Khi d6, gid tri cia ky vong tndn
mg va sal léch binh phuong trung binh Sy cia khd nang tdi hé théng s& nhé
hon gid tri cia cde phdn ti. Do dé, gid tri Ss vA my c6 thé xdc dinh biing
céng thuc sau:

Mg = Mg, — Sgk (10.7)
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Chueng 16
Ss = ES,C,k (10.8)

trong ddé: u va £ - cdc hé 86 {u »0; 1 2 £ > 0) phu thudc viio 88 phdn ti n cla
hé théng, ngoai ra € con phu thude vao 2, (hinh 10.10).

Ta goi p la tham sd vi tri va £ 14 tham s6 phan tin. Gia tri p va € xdc
dinh theo da thi hinh 10.10, biang 10.2 hodc ¢4 thé xde dinh gin ding theo

cong thue:
L= 148 fln(nmy -0,69 {n = 2)
p=0{khin=1}
£=¢t,(1-0,102z,) (khi g, = 0,5)
€ =gy -1 - gz, £.102 (khi £ »0,5)
Bdng 10.2
£
n il z,=-00,525 z,=-1,281 z;=-1,645 z,=-2,326 z,=-2,575
(R=0,700) {R=0,900) (R=0,950} | (R=0,990) (R=0,995)
1| 0,000 1,000 1,000 1,000 1,000 1,000
Z | 0,545 0,830 0,848 0,857 0,873 0,878
51 1,129 0,684 0,707 0,723 0,752 0,761
10+ 1,499 0,594 0,632 0,650 0,684 0,684
15 ¢ 1,694 0,558 0,596 0,642 0,652 0,662
20| 1,824 0,633 4,673 0,593 0,630 0,643
30| 1,998 0,605 0,544 0,565 0,603 0,618
40 | 2,116 0,484 0,527 0,550 0,586 (1,599
50 | 2,204 0,169 (3,613 0,633 0,574 (0,688
60 | 2,274 0,463 3,503 0,526 0,660 0,681
80| 2,371 0,450 (0,498 0,516 0,658 0,570
100 | 2,462 (1,436 0,474 0,503 | : 0,541 0,658
150 | 2,604 0,419 0,457 0,484 0,523 0,638
200 | 2,701 0,408 0,152 0,474 0,511 0,520
300 | 2,833 (0,394 0,434 0,454 0,493 0,515
400 1 2,023 0,380 0,427 0,448 0,489 0,507
500 | 2,992 0,377 0,420 0,436 0,485 0,496
1000 | 3,200 0,360 0,400 0,420 0,460 0,470
2 000 | 3,390 0,350 0,380 0,400 0,430 0,440
5000 | 3,640 0,330 0,360 0,380 0,410 0,420
10 000 | 3,810 0,320 0,350 (0,360 0,400 0,410
20 000 | 3,990 0,300 0,330 (1,350 0,370 0,380
50 000 | 4,210 0,270 3,320 (3,330 0,260 0,370
100 000 | 4,350 0,270 0,320 0,320 0,330 0,340
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I’hin_tich va phén phdidj (in¢dy hé thong

Théng thuéng khi xde dinh p va ¢ ta chon z; = -1,28 (R = 0,9}, Khi dd

diém phan vi d& tinh xdc sudt lam viéc khang héng cho ca hé:
-m, _ my - “SHL - m,

7, = — ”‘s‘ L : 1 {10.9)
VSISt sy +s))
. . Se S, S .
Né&u thay thé: vy, = m“‘" DV =—|;13-; V= i va hé s0 an toan:
Sk S L.
E: ]"ll_qk
[l'l]_
thi: mg = I'I'lg.;k(].— Vg } (1010}
Vg
AL T— (10.11)
= pvgy
ﬁ{l— v, 1—1
oy =- I (10.12)

IR
envg )™ +vp

Cha ¢ rang p va & phy thude vao 7|, cde tinh todn theo c¢dc cong thie
(10.9) va (10.12) tién hanh theo phuong phdp xap xi tudn tu. P& lay gdn
ding ldn ddu tién dé xdc dinh p va £ ta nhian duge z; = -1,281 (tuong Ung xdc
suat R = 0,9000).

K&t qud tinh tedn theo céng thie (10.12) biing cdch thay cde gid tri p
va £ 14y tir bang 10.2 v6i nhing gi4 tri n , vex. v, khdc nhau duge dua trén
bang 10.3.

Bdng 10.3
n 15 15 1,5
Vix 0,05 0,1 0,1
Vi 0,2 0,1 0,2
N 1 10 100 1 10 100 1 10 100
z -2,34 | -1,88 | -1,54 | 277 | -1,97 | -0,97 | -3.54 | 2,93 | -2,13
P8zl | 0,990 [ 0,970 | 0,938 | 0,997 | 0,976 | 0,834 | 0,999 | 0,998 | 0,983

Bdng gid tri trén cho phép ddnh gid do tin cdy hé théng dang chudi
khi phdn tdn tdi trong theo bé thong trong pham vi thay d8i rong 1én kha
ning tdi cla cdc khéu trong chudi, tdi trong trén chudi va sd khau trén
chuéi.

10.3 PO TIN CAY HE THONG CO THANH PHAN DU TRU

Trong ché tao mdy s dung cdc bién phdp vé két cdu, cong nghé va
van hanh van khéng dat dugc d9 tin cdy cao cho cédc thiét bi. Khi dé ngudi ta
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phédi st dung cdc thanh phan du trit 48 nang caoc d6 tin cay. Nhat 1a d6i véi
cdc hé théng phde tap nhiéu khi ting do tin cdy cdc phidn tif vldn chua dat
duge d6 tin ¢dy cdn thiét cho ha théng.

Su dy trir cho phép ta tdng d6 tin cdy hé thang 1én nhiéu bac.

Nguti ta thuong sir dung cdc phuong phap sau:

1. Sy dy trd ¢ dinh vdi cdc phan td du trii chay ciing tdi nhu mdy bay 4
dong co, tau thiy ¢é 2 mday, mdy bay c¢é nhidu mdy dién, trong 6td: 2 hé
théng bai tron: 2, 3 hé théng che chdn..

2. Su du tré véi cde phan tr du trir khéng tdi- hé théng thang mdy gém 3
thang mdy d& du tri khi ¢6 | thang mdy bat k¥ hing hodic ca 3 cung lam
vige gig cao diém: 2, 3 hé théng phanh trong xe hoi; cde role tu dong
trong ¢dc hé thing cung cap dién...

3. Dy tr véi edc thanh phin dy trir lam viée vdi ché df tdi trong nhe han,

Vi du cdc mdy mée quan trong trong mdt nha mdy thuang ¢é 2 hodc 3
mdy, trong cdc day chuyén ty déng ed cdc bén chita, kho du trir nguyén liéu,
bé tich trir &8 khi mét thiét bi trong ddy chuyén hi héng day chuyén van lam
viée binh thudng.

St dung cdc chi ti&t dy trit ¢ kho, si dung cdc banh xe du tedt. Thist k&
cde bén, tram xe gom nhidu xc 13 mét trong nhing bién phdp ting 4o tin cay
trong giac thong van tai.

10.3.1 Khi du trit ¢6 dinh {(cdc phan ti mdc song song)

Chiing t6i da trinh bay h¢ théng mac song song Lrén mue 10.1.2.

Trong truéng hgp hé théng c6 a phan Ly mde ndi tigp va b phdn L ¢é
cde thanh phan dy trd, khi dé d6 tin cdy hé théng:

Theo 1y thuydt xide suat:

Rt} = RJ{LIR(t) (10.13}
b6 tin cay cua a phdn ti mdc nai tiép:

R, (0= HR,(:)
]
B tin cay cua b phan tu mac song song:
b
Ry =] 1-Fl
I
Do dé:

il In
Ry (1= FIRo] Ju-t,n (10.14)
H 1
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Phéin tich va phin phéi 49 tin ciy hé thing

Jro ] |

a phan ti

b phén
Hinh 10.11 H¢ théng ¢o thanh phdn dy triz timg phén

10.3.2 Dy trit ¢6 cdc thanh phdn dy trd Iam viéc khi thanh
phan chinh bi héng

Su déng md cac phén tif du tri¥ c6 thé thuye hign bing tay hode tu
dong. Vi du nhu cdc bo dung eu cdt dy tri¥ trong cdc may cit kim loai, cac t8
hop dy trit trong hé théng dién quc gia..

Trong trudng hgp sy héng hée phan phsi theo ham 8 mi véi gid trj
it nho khi d¢ tin cdy cdc phdn td tuong ddi cao thi xdc sudt héng cioa hé
théng sé bang:

n
[[Rw
]

Fnlt) = (10.15)
n!
Néu cdc phén t& gidng nhau Fi(t} = F(t):
o0 (A"
Pty ~ F(0 D (10.16)

n! n!

Céng thic trén chi dung khi tit mé cac phan ti du trix 6 d9 tin cay

tuyét d6i. Khi d6 x4c sudt héng n! 1dn nhéd hon so v6i trudng hep du trir cd

dinh. Xac sudt héng nhd hon c6 thé gidi thich 1a do s6 cée phan tif chiu tai

song song it hon. N&u hé théng déng md cac thanh phin du trif khéng déng

tin cay thi dung hé théng dy trir dang nay khéng t&t, Do 46, cde thanh phéan
du trir phéi duge kiém tra dinh ky.

10.3.3 D¢ tin cay hé thdng cé phan ti¥ thay thé trong thdi gian
phuc héi phin ti bj héng

Gid sd ta goi & - cudng 46 héng cia phin t, Ay - eudng db héng cla
phén 1 du trl, ta - thai gian sifa chita trung binh.
Xdc suat lam viée khéng héng:

Rity=e ™ (10.17)

trong d¢:
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1oL (10.18)

AT

Trong hé thong tu déng s dung cidc kho chifa, cdc kho chua nay chia
qui trinh céng nghé ra thanh cdc cum rigéng 1é. Khi dé héng héc mét phan tu
nao dé trong diy chuvén céng nghé thi né khéng lam ngung hoat dong toan
b day chuyén ma chi lam nging hoat ddng cia cum thidt bi chifa phdn tir
d6. P9 tin cay diy chuyén cang cao khi kho chia cang ldn.

Vi du 10.6

Hidu qud cla cdc phugng phdp du tri néu ra trong vi dy sau: Tinh
todn @6 tin cdy gém 4 phdn tf vdi xdc sudt khéng hong Rit) = 0,9
Giai:
1. Mde ndi Hép

Pai véi he théng mic ndi tisp:

T

Rty = Ry = 0,9 = 0,65
Fyit) = 0,35

R(Y) R{t Rit) R(t)

Hinh 10.12 Hé théng mdc ndi tiép

2. Khi mde hé thong song song (thém 4 phdn fi hinht 10.13)
P& vdi hé thing mac song song:

Ry ity = 1- F(t) = 1 - {0,35%0,35)=0,88
3. Khi hé thong c6 thanh phdn dy trit khéng tdi va dong md tuydt dot tin cdy
P6 tin cidy cia hé théng xde dinh theo cong thife:

2 01,357
Ry(t) = 1- 50 4 0% 094
2 2
Thanh phan chinh

——| A R(1) A{Y 1 R
| I
| 1
Do oy | [ rer | ' o L)
SR R T R r——5 R r--5 RO -

Thanh phan duy trig
Hinh 10.13 He théug c6 thanh phdn dy triz la mét hé théng khde
4. Khi hé théng co cde thanh phdn du triz cho cde phdn ti riéng bigt

D% tin cdy cha hé théng xdc dinh theo cong thic:
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Phén tich vad phin phdi @4 tin cdv hé thong
R () = (1- F400* = (10,1 = 0,96
Né&u cdc thanh phin dy trit khéng lam viée va hé thing déng md co

dé tin cdy tuyét doi.

2 a
Rpy(t) = [1 - F‘_('E_)]"z[l 2 1008
'

Thanh phén chinh

. — : T ;
—-{ R{Y I_J [0} '_'_,_| R{t) }_F’_‘Im_r —
: [ T : [ .

I J— | E— ! | — 1

P = — ] F———

-——— -— B

"——i R{1) PR e Ry - ~L - Ry ;——'

Thanh phan dy triy

Hinh 10.14 He théng co thanh phin du triz cho cde phdn tik riéng bigt

5. Khi hé théng eo kho dy tru

Néu ta dat kho vio giim cde mdy trén thi dé tin cdy niim gida 0,65 va
(3,81,

Kho diy tri
Rt Ryt R(t Rt

Hinh 10.15 H¢ théng c6 kho du triz

10.3.4 D¢ tin cay hé théng khi cdc thanh phin du tri lam viée vdi
ché dé tai nhe hon

Trong trudng hop cdc phén tit du trd c6 dé tin cdy cao vdi A la cuong
d% hdng céia thanh phan chinh va %, 1a cuting d¢ héng thanh phén du trix.
Khi d6 xdc suat khéng héng khi c6 1 phin ti dy tri
Rty = 1. ME5h0,
2!
Khi 2 phan 47 du tri:
Rit) = 1 - 7&(:*.+1|)().+:1;t_|)t
3
Khi 3 phén tir duy trin:
Rit) = 1- }b(}.+}b,}()~+4;?}b| )().+3)L,Jl

Khi m-1 phan tif duf tri:

Rit) = 1- AA+ADrim DA |
m!
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10.4 TINH TOAN PO TIN CAY CUA HE THONG KET HQP
PHUC TAP

Trong k§ thuat ngusi ta thing thuong st dung mét hé théng két hop
phuc tap, hé théng nay khong nén dua vé dang hé thong méc ndi ti€p hodc
song song, vi du hé théng giao théng, hé thong cdc chi tit mdy trong cum
may hodc mdy, cdic phdn ti trong hé théng truyén déng dién - dién ti, thiy
luc va khi nén.. Khi 46 ta ¢dn mot s& phuong phdp dé& xdc dinh 49 tin cay
ciia hé théng. Vi du nhu hé thdng hinh 10.16, day la mét hé théng chd y&u tir
2 phin tir AA', duge du trit béi hé théng BB'. Ngoai ra con ¢6 thém mdt phan
tu du trit phu X, la phan ti du triy cho cdc phdn ti A va B va lam cho hé
théng trd nén phic tap. _

Sau day l4n luot ta s& khdo sdt ba phuong phdp dé xdc dinh dé tin
cdy hé théng k&t hop phiic tap gém: phuong phdp xdc sudt ¢6 didu kién,
phuong phdp ddnh 58 va phuong phdp cut-set.

— K R}

' s
: s
XX —

N

iy
Hinh 10.16 H¢ théng co thanh phdn du trix phile tap

-

10.4.1 Phuong phap x4 ¢ suit cé diéu kién

P& tinh todn cdc hé théng phdc hop tuong tu nhu vdy ngudi ta si
dung dinh 1¥ vé& x:ic sudt hoan toan Bayes. Binh ly nay ¢6 dang nhy sau:
Fu. = Fiu(X khong héng)R, + Fi,(X bi héng)F, (10.19)

trong dé: Ry va F, — tuong fing 14 xdc suat con kha ning 1am viéc va xdc sudt
khong con kha ning lam viéc clia phdn tir X. Cdu tric cdng thde d& hiéu, bdi
vi Ry va P, ¢6 thé bidu dién nhu phdn thai gian tugng tng véi truimg hgp khi
phdn ti X con kha nang v& khéang ¢bn kha ndng lam viée.

Nguii ta xde dinh xdc suit hong clia hé théng khi phdn ti X con kha
nang lam viéc (hinh 10.17} |4 tich cfia xdc suit héng cla ca hai phin td A’ va
B.

Fy, (X ¢6 khd ndang 1am viée) = FuFup = {(1-RyX1-Ra) {10.20)

Xdc sudt hong cua hé théng khi phén tf X khéng con khd nang lam
vige (hinh 10.17):
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Phiin tich vé phin phdi dé tin ciy hé thong

Fy (X khong cdn khd nang lam viéc)= FauaFep = (1-R\R (1-RiRg)  (10.21)

/Khi X héng \ Khi X khéng héng

Hinli 10.17 Phédn tich so dd xae dinh @y,

Xde sudl hong cia hé théng trong dang téng qudt:
Fre = (1-Ra)1-RgIR, + (1-RsRp)(1-R,,Rp)F,
= (1-Ra X 1-Ry Ry + (1-RARa )M 1-BuRp ) 1-R,)
(1- Ra -Ry + RaRp)R,+ (1- RiRs-RyRyy+ RaRaReRuX1-R)
1- RARa-RpRp+ RaRaRuRy + {- Ry -Ry + RaRy + RaRs +RpRp
- BaRsRsRp R,
Rnt = RaRa +RpRy ‘RARBRA'RB"'“RxRA""R'xle"RxRA‘RB"RARxRA' -ReR. Ry
+ RaRuRy RaRp
Trong cdc hé thdng phic tap hon ta tién hanh su dung cong thic
Bayes nhiéu lan.

13

10.4.2 Phuong phap déanh sé

Co s8¢ cua phuong phdp ddnh s6 dua trén sy quan sdt mdi phéan tir cua
hé thdng dang ¢ trang thdi lam viéc hodc trang thdi héng. Ching ta ddnh 8
tat cd cdc trudng hgp cd thé xdy ra bing cdch két hap tit cd cde didu kidn
cda cde phéan ti khdc nhau cua hé théng. Cdc trusng hgp ma khi dé hé théng
con kha néng lam viéc duge xde dinh khi kiém tra. Dé tin ciy cua hé théng
dugc xdc dinh theo d6 tin cay cda tat cd cdc trudng hop ma hé théng con kha
ning lam viéc.

Su dung phuong phdp nay dé xdc dinh dé tin cdy hé théng cho trén
hinh 10.16.
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Bdng 10.4

Chugng 10

Mo td hé théng

Céc truing hgp va diéu kién i

cho edc chi tiét khae nhau

Trang tha: hé théng

¢ O - Khong hdng

; F - Hong

Khéng chi tiét bi
hiong

1.

ABXA'E

Mat chi tiét b1 hong

ey

. ABXAB
.A BXAB
.AB X A'B’
5. ABX A'B
. ABXA' B

Hai ¢hi tiét hi hong

15,
16.

ABXAPR
ABXAB

. ABXA'B

. ABXA'B'
A BX AP
. ABXA'B
. ABXA'B'
.AB XA'B
ABX A'B’
ABX A'B'

o

Ba chi ti&t bi héng

17.
18.
19.

21.
22.
23,
24.

AR XAB
ABX A'R
ABXA'B
ABXAB
ABX A'B
A BXA'B'

25 A B
26. A B

5 Ie- N e B R o B T o B e R

=

Bdn chi tiét bj héng

27.
28,
29.
30.
31.

=
| &
>

; TR Z

5 |
=

&' Bc- B> B B B e B oo B S BN C TS

Nam chi ti&t bj héng

32

il | i e >
>
|

|| B> >
el ee ]l we R Mivel

=
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Phén tich va phin phdi d6 tin cfiy hé thing

Gid sif ta goi khd ndng lam viéc cua mét phdn tir X cia hé théng 1a X
va khi hdng la X . Cdc trudng hop xdy ra cta hé théng xdc dinh trén bang
10.4.

Do 46 do tin cay cua hé théng sé la:

Ry = Xdc sudt cde trudng hop: 1-15, 19, 23-25.

Biéu thue xdc dinh c6 thé viét dudi dang sau:
R = RaRpRxRaRy + (1-Ry)RpRxR4Re + Ra(1-Ry JRyRaRp
+ RaRa(1- Rx)RaRe + RaRsRy (1-Rg )R + RaRpRyRa(1-Ry)
+ (T-RAM1I-Rp) Ry R Ry + (1- RAORG(1-Rx)RARp + (1-RpA)RgRy(1-Ra)Rp
+ RaRgRyRa(1-Rp) + Ra(1-Rp) (1-Ry)Ra Ry + Ra(1-RiRx(1-Ra)Rp
+ Ral(l-Rp)RyRa1-Ry) + RARp{1-Ry)(1-Ra)Rp + R:Rp(1-Rx)R4(1-Rp)
+ Rall-Rg)1-Ry)Ra(1-Rp) + (1-Ra)Rp(1-Rx)(1-Rp)Ryr
+ {1-RANT-Rp)RqRa(1-Rp) + (1-Ra)1-RyRy (1 - RaRp

Sau khi rat gon trd thanh:
Ry = RARA'+RHR|1"RARBRA'RH +RxR!\""RxRB"RxRA’RB"'RARxRA'
- RgRBRp+ RyRsR, RaRp:

10.4.3 Phuong phap cut -set

Néu s0 vdi phudng phdp xdc sudt ¢6 didu kién va phudng phdp ddnh
s& thi phuong phdp cut-set dugc sy dung rong rdi hon khi tinh todn dé tin
cdy cda hé thong. Phuong phdp cut-set duge sit dung thuan tién cho viéce dng
dung mdy tinh trong tinh todn thigt k& va mot hé théng phic tap duge phan
thanh cdc h¢ théng don gidn hon. Phugng phdp cut-set dua trén chia cit ha
thong thanh cdc tap hgp (set) bao gdm nhiéu phin t& ma khi tdp hap (set)
nay héng sé din d&n sy hdéng héc cia toan ba hé thong. Tap hop nhé nh4t
dugc chia ra bao gom céc phéan ti ma khi tip hgp cdc phdn tf nay bi héng sé
dan dén sy héng héc cia toan by hé thing. Pidu 6 6 nghia la néu mdit phén
tf bat k¥ cta tdp hop nhé nhat khong bi héng thi hé théng van khong bi
hong. Trinh ty thyc hién sau day duge chdp nhan khi tim kiém dé tin cay
cua hé théng sit dung phuong phdp cut - set.

1. Xdc dinh tdp hgp nhé nhat cia hé théng.

2. M6 hinh cdc phdn tit trong tap hgp nhé nh4t phai song song, bdi vi
theo dinh nghia hé théng chi bi hng khi ma méi phdn t& bi hang.

3. Gia sif rding cdc tAp hgp duge mic ndi tigp, vi héng hée ciia mét tdp hop
bat ky s& ddn d&n héng héc cia toan b hé thong.
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4. Tim d tin cdy cua hé thong st dyng mé hinh viia ndi tiép vifa song
song nhy trén budc 2 va 3. Cdn chu ¥ ring khéi niém cda hé théng
mie néi tiép khong duoe sit dung trye tigp, béi vi mot phin tif cé thé
nidm trén nhidu tdp hoap khde nhau.

c, C, C Cs
Hinh 10.18

Ta st dung phuong phap nay dé x4c dinh d¢ tin cdy clia hé théng nhu
hinh 10.16 theo phuong phédp cut - set.

Theo kh#o sat thi ba tdp hop nhé nhat trén so d6 hinh 10.16 la C,
(gbm ba phan ti A, X va B), C, (gbm ba phan ti A’ X va B), Cs (gbm ba
phén tir A va X va B") va C4 gém hai phan tit A’ va B’ nhu hinh 10.18.

Theo 1y thuyét xdc sudt, xdc sudt héng cia hé thong néi ti€p cdc
phén tif khéng doc lap duge xde dinh theo cong thie sau:

Fic= P(Cu CouuCauCy)
= P(C)+P(C)+P(C)+P(C)-PIC,nCy)-PIC i ACy)-PIC, NGy )-P{CUs)
- P(Cy~Cp)- PICnC )+ PC;ACC)+PC NConC )+ PIC mCnCy)
+ P(ConCinC)-P(C nConCarCy)

X4c sudt hong cha timg thanh phan duge xdc dinh theo cong thuc:
P(C,) = F(A) F(XOF(B)

P(C,) = FIAYFCOF(B)

P(C3) = FIAF(XOF(B")

P(C,} = FIAYF(B)

P(C;~Cy)= P(CP(Cy) = FIAF(BIFXHF(A")

P(C~Ca)= P{CIP(C,) = FIAFRBIF(X)F(B)

P(Cy~Cy)= PICOP(C,) = FIAFBIFX)F(ATF(B)
P(CeCa)= PICP(Cy) = FIAFBYF(X)F(A)F(B)
P(C,Cy)= P(CoPICy) = F(B)FX)FAYF(B)
P(CynCa)= PICIPIC)) = FAFCOFAIF(B’)
PlCCarCal= PICHP(CLIP(Cyl= FIAFB)F(XIF(AF(B’)
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Phan tich ¥4 phdn phéi 46 tin cay hé thing
P(CinCynCa)= PLC)PICHP(C )= FIAFBIFXNAYF(B)
P{C,nCsnCyl= P(CPIC3P(C, )= FIAF(BIF(X)F(AYF(R)
P(CynCanCyl= PICHPICLIPIC, )= FIAF(BIF(X)F(AYF(B)
P(CiACunCanCil= PICIPICHPIC,)P(C,)= FIAIF(B)F(X)F(AYF(BY

Trong cdc cong thie trén F(X) 1a xdc sudt hdng cla phdn td X. Cén
chi ¥ rdng néu mdi phdn td ndm trén cde tdp hgp khac nhau thi xdc suit
héng cia phan tir duge th€ hién mot 14n. Vi du phan t& B va X nim trén cic
tap hep C, va Cs cho nén R(C,~C;) duge tinh cho mdi mot F(B) va F(X) tde
la R(C\nCy)= FIAIF(BIF{X)F(A")

Tit day suy ra;

Fi= FIAFX)F(B) + FIAYFXF(B) + FIAIFOOF(B") + F(A)F(B)
- FIAF(B)FCOF(AY - FIAF(B)F(X)F(B) - (A)FBIF(X)F(A)YF(B)
- FAFBFXIFANF(B) - FB)FIX)FIAF(B) - (A)FOFIA)F(B)
+ FIAFBIFX)F(AYF(B) + FIAFB)F(X)F(A)F(B)
+ FIA)JF(BIF(X)F(AYF(B) + FIAF(BIF(X)F(A)F(B")
- FIAFBYF(X)F(A)F(R)
trong do: F(X) = 1- R(X)

T day suy ra xdc suat lam viéc khong héng cia hé théng:
Ric= RaRs + RpRyy - RaReRARp + R,Ry + R;Rg - R,RsRp - R.RR,
- RBRXRB' + RARHRK RA'RB'

10.4.4 Vi du

Sau ddy trinh bay cdc vi du phan tich hé théng cho cdc hé théng
trong mdy.

Vi du 10.7

Mot hé théng phanh trong xe 6td bao gém hé théng phanh thay luc
va hé théng phanh co (phanh ding). Hé théng phanh thiy lue bi héng khi
xilanh chinh bi héng {su kién M) bac gom cdc dudng dng thiy lue ho#c cd
hén don vi banh ham bi hdng. Pon vi banh ham bi héng khi edc banh thuy
lye bi héng (su kién WC,, WC,, WCy va WC,) hedc by phin dém phanh bj
héng (cdc sy kién BP,, BP,, BP; va BP,). Ha thdng phanh co bi héng khi hé
théng day phanh bi héng (su kién C) hoae cac b6 phin dém phanh phia sau
b1 hong (sy kién BP; va BP,). Sg d8 khéi cdc phdn tit hé thong phanh nhu
trén hinh 10.19. Vi hai hé théng phanh mic song song, tuy nhién cé hai
phan tir BP; va BP, diung chung nén ta khdo sdt ching nhu la mét hé théng
phuc tap. Gid sl 49 tin cdy cia mdi bs phan banh thiuy lyge va dém phanh la
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nhu nhau va ¢é gid tri tuong ung R(WC) = 0,95 va RIBP)=0,90. B¢ tin cdy
R(M) = 0,99, R(C) = 0,95,

'WCy - BP o

e G BFy e

.y T WOy~ 1 BPyr——
‘.G Lo hlLTID -

e -
Hinh 10.19 So dé khéi hé thong phanh trén xe 6t6

Ta st dung phuong phdp xdc sudt ¢ diu kidn. Trong bai todn nay ta
phan tich hé théng nay theo b&n trudng hgp theo hai phdn td BP, va BP,
(hinh 10.20):

- BP; hdng, BP, khéng héng.

- BP: khong hding, BP,; hing.

- BP,va BP, hong.

- BP,; va BP, khing hdéng.

¢) Trugng hgp 3 d) Trudng hgp 4

Hinh 10.20 Cdc truong hop khido sdt

Trudng hgp ©:

Gia sl trong trudng hgp I phan t BP; héng va BP,; khéng hong. Xde
suit xdy ra truong hop nay: Pi= [1-R(BP)IR(BP) = 0,09. D5 tin cay cla ha
théng phanh thuy luc trong trudng hop nay:

R¢ = RIM){1-[1-R(WC)R(BP))[1-R(WC)])

Thay cde gid tri s6 vao ta cé: Ry = 0,988959262.

B tin cdy cia hé théng co 1a R(C) (dd tin cdy cia diy phanh) bdi vi
phén tir dém phanh BP, khéng héng.

246



Phin tich va phén phdi dé tin ¢dy hé thong

Hai hé théng thdy luc va co lam vige song song, do d6 dd tin cdy cua
hé thdng duge xdc dinh theo cong thie:
R; = 1-[1-RJ[1-R(C)]) = 0,9999447963

Truéng hep II:;
Gid s trong truyng hgp II phén ti BP, héng va BP; khéng héng. B3i
vi d6 tin c4y cda méi hé phan bgnh thiy lue va dém phanh 1a nhu nhau, do
dé truting hap II tueng dng truiing ‘hqp I va:
Py=P; = 0,09 va Ry = R; = 0,9999447963

Trudng hop TII:
Gid st trong trudng hop III phén ti BP; va BP, bi héng. Xdc sudt
xdy ra trudng hgp nay: Piy= [1-R(BP)F = 0,01. Hé théng phanh co khéng con
kha nang lam viée, do dé 9 tin cay cia hé théng bang db tin cay cta hé
théng phanh thiy luc:
R = Rr = RIM)1-[1-R(WC)R(BP)}*) = 0,96918525

Trudng hop IV:

Gid s trong trudng hop IV cde phén tir BP; va BP, khoéng héng. X4c
sudt xdy ra truong hop nay: Py= R(BP)*=0,81. P% tin c4y cia hé thdng
phanh thdy lue trong trudng hop nay:

Re = RIMN1-{1-RIWCIR(BP) ][ 1-RIWC)]4 = 0,989947962

D4 tin cdy cda hé théng co duge xde dinh phu thuse vac dd tin cAy
cua day phanh R(C). B¢ tin ¢4y cda hs théng xdc dinh theo d tin cay coa ha
théng phanh thiy luc va hé théng co:

Riv = 1- [1- RAIL-R(C)) = 0,99045
B% tin cdy cia toan bo hé théng:
Ru= PIR + PRy + PR + PrvRiy = 0982956808
= 0,09.0,9999447963+0,09,0,9999447963+0,01.0,96918525+D,81.0,99045
= 0,991856

Vdi diéu kién:

Pr+Pu+ P+ Py = 0,09 + 0,09 + 0,01 + 08l1=1

Dé tin cdy hé théng phanh thiy Iye:

Ry = RIM)I1-[1-R(WC)R(BP)}* = 0,989562369
b6 tin cdy hé théng phanh co:
R, = RCCH1-{1-R(BP)4 = 0,9405

Néu hai hé théng nay khéng 6 phdn tir dimg chung thi d6 tin cay hé
théng dugc xdc dinh theo cong thue sau:

Rhe = 1- (1-Rp(1-R,,) = 0,99937861
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10.5 NANG CAO PO TIN CAY CUA HE THONG

Van dé bo tri 4o tin cdy cé quan hé vdi viée xdc dinh d6 tin cdy cia
cde phan tf riéng 1é sao che dd tin cay coa toan bo hé théng bing mot gid tri
nio d6 trong khi thoa man cde rang budc vé khéi lugng, thé tich va gid
thanh. Vin dé nay ta thudng gap phdi trong giai doan thiét ké. Do tin cay
cta hé théng dudc nang cao tit gid tri hién hanh R, 1én gid tri Ry + dR,, bing
cdch nang cao d% tin cdy cla mét hodc vai phin td trong hé théng, Trong
muc nay ta ning cao dé tin cay cua hé théng bing cdch ndng cao d6 tin cay
cua phdn t&r d& bi hdng nhat. Cdc didu kién rang bude vé khdi lugng, thé tich
va gid thanh cdn duge xem xét dén khi chon phén tif thich hop 48 nang cao
dé tin cdy. Trong muc nay trinh bay cdc trinh ty ¢6 thé ndng cac d9 tin cdy
cia hé théng. Trong chuong 11 ching téi s& trinh bay cde phuong phdp phén
phéi t8i uu 46 tin cdy ha théng.

10.5.1 Ndng cao dd tin cay hé théng néi tiép

(ia su rang dp tin cdy cua hé thding R + dR. c6 thé dat duse bang
cdch nang cac d4 tin cdy cta mét phan tlf nao dé. Khi dd:
Rh; + d}-{h,= R| Rz ...Ri.] (Ri+dRiJRi+|...R“

n f Y
= nRi +
=1

n
T1x
yI=hie
trong dé: R; 12 d6 tin cdy cia phdn tf thi j; dR; 14 khedng tdng do tin cdy cva
phan ti thi j.
Tuy nhién:

R, i=12 .n (10.22)

Ry =] R (10.23)
j=1

Tir d6 suy ra:

- Ru_ vgii=1,2, .0 (10.24)
I

drR
i=L.j=i

1. Néu khong cé rang bube

Né&u khéng c6 didu kién rang bude, ta chon phan tifc6 d§ tin cay thap
nhédt coa hé thong d& ndng cao 4% tin cdy. Ty s6 thay d&i do tin cdy Ry cia
hé théng lién quan dén do tin cdy Ry cda phin ti thit k xde dinh theo céng
thic sau:
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rhan tich va phén phdi dé tin cdy hé théng

cR - .

T R = ——-R'“ vdik =1,2,.,n (10.25}
1

R, R,

=1k
Phan ti d& bi héng nhat (c6 d9 tin cay thap nhat) thir i su dung 48
ning cao d9 tin cdy dugce xdc dinh theo cong thic sau:
4
R
=M = max lﬁ] (10.26)
R, k=120 R
Khi d¢ tin cdy ctéa phdn td thit i tang dR; thi d¢ tin cdy ciia hé théng
tang dRy:

dR,, = dR;dR; | [R, {10.27)

J=li

2. Néu ¢6 rang buje

Théng thudng ndng cao d6 tin cdy cla ting phan ti lién quan dén
khéi lugng, thé tich va gid thanh. Gid su ring gid thanh trén mét don vi 4o
tin edy phan tif thii 1 Ja c;. Khi d6 bai todn sé duge phdt bidu nhu sau:

Tim khodng tang d¢ tin cdy dR; phdn ti thit i cdn thiét dé ndng cao
dé tin cdy ciia 1 théng sao cho gid thanh odR, téng if nhdt.

Gid sl rAng d§ tin cdy ctia hé théng duge tang tir Ry, 1én Ry, + dRy,
ho#c 1a tdng d¢ tin cdy cla phdn td thd i tir R; 1én R, + dR,, hoac la phén tif j
tir R; 1én R;+dR;.

Theo cong thiec (10.24) néu khéng c6 bat cd rang buge nao:

n n
dRy, =i, [TR, =dr; TR, (10.28)
h=1k=i k=lLk=j
Tit d6 suy ra:
dR; Ry . dl::ih
R, R,
Hoic:
R.
dR; = —-dR; {10.29)
R;
Gid thanh lién quan d&n viéc tang d¢ tin cAy hé théng Ry + dRy
duge bigu didn theo cong thie:

¢.dR, ={£%]cidRi (10.30)
L
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bidu dé ching té riing gia thanh lién quan viée tang 46 tin ciy cda
phan tu thii i s& nhd hon phan tif thit j néu nhu ¢R; < ¢;R;. Do d6 phan td thu
i s& duge chon do gid thanh tang nhé nhéit, duge xde dinh theo cong thie:

R, = min ¢R; {10.31)

vdi dR; duge xdc dinh theo cdng thite (10.24),

10.5.2 Nang cao dé tin cAy hé théng méc song song

D6 tin cdy cia hé thdng mac song song Ry, duge xdc dinh theo da tin
cdy cdc phan t thit i thee e6ng thitc sau:

. Rhl:]_n(]_Ri) (10.32)
it

Gid stf rAing dé tin cdy cia hé thong cé thé dat duge 1a Ry, + dRy, nho
vio sy téng 49 tin cdy cia mét phin tif bt ky. Khi dé:
Ryc+ dRy = 1 - (1-R) (1-Ry).. (1-Ri.p) (1-R; -dR;) (1-Ry,).. (1-R,)

= 1—{ ﬂ(l—Rk)]U—Ri —-dR;)

k=lik=i

1] n

= 1-JJu-Ry+dR} [J[U-Ry)f;i=1,2,.,n {10.33)
k=1 k=l;k=i

Tir hai céng thic trén ta suy ra:

dR; R 1,2,.,0 - (10.34)

{ ﬁ(,_m]’

k=Lk#i

1. Néu khéng cé rang bude

Né&u khong c6 diéu kién rang bude, ta chon phéan ti ¢ do tin cay thép
nhéat cia hé théng dé nang cao 49 tin cdy. TY s6 thay ddi d6. tin cay R, cla
hé thang lién quan d&€n d6 tin cAy Ry cla phén t& thd k x4c dinh theo cong
thifc sau:

= n _
Ru - [Ta-Rp=—"R; ik =1, 2,.. n. (10.35)
R ek I-R,

Phan tir dé& bi héng nh4t (¢ do tin cdy thap nhat) thi i st dung dé
ning cao dj tin ¢y duge xdc dinh theo cdng thic sau;
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- R, )
T2 Ry = min =Ry (10.38}
I-R, h=b2...n |_R|\

Khi do tin cdy cua phan ti tha i ting dR; thi dd tin cay cia hé théng
tdng dR;,:

dR,, = dR, ]_[Ri (10.37)

=la#l
2. Néu cé rang budce

Thong thuéng nang cao do tin cdy cla ting phdn td lién quan dén
khéi lugng, thé tich va gid thanh. Gid sd riing gid thanh trén mot don vi 4%
tin cdy phan tf thd i la ¢. Khi d6 ta phai tim khedng tdng dé tin cay dR;
phin tf thi i cdn thigt d& nang cac d6 tin cdy cia hé théng sac cho gid
thanh ¢;dR,; ting il nhat.

Gia st rang do tin cdy cua hé théng duge ting tir Ry 1én Ry, + dRy,
hode 14 tang dd tin cay cia phan tif tha i tir R, 1én R, + dR;, hodc la phan tr j
tir B 1én R +dR,

Theo cong thife (10.34) néu khong cé bat ¢if rang bude nao:

ARy, =dr; [To-ro=r; [Ta-Rr) (10.38)
k=lk#t k=] kzj
Tiu dé suy ra:

dR 1] (1R| L]
— | lu-r= (1-R,
(I—Ri)]_[( * (1—R|.)1;[ W

k=1

Hodc: dR; = “"R"]dkj (10.39)
(i-Rj

Gid thanh lién quan dén vidc tdng d6 tin cdy heé théng Ry, + dR,,
duoc bidu din theo ¢dng thue:
¢, (1-R;)

caR, = SUZRD g 10.40
¢, (I-R,) I (1040

Diéu 46 ching t6 riing gid thanh lién quan viéc ting d¢ tin cay cia
phan tir thd i s& nhé hon phdn W thd j néu nhu ¢ {1-R)< ¢;(1-R;). Do 43,
phdn tf thi i s& duge chon do gid thanh tang nhé nhat, duge xdc dinh theo
cong thue:
¢, (1-R}= Fggi‘_l?”nc_j(] -R} (10.41)

viti dR; duge xdc dinh theo céng thire (20.34).
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10.6 PHAN PHOI DO TIN CAY HE THONG

Theo cdc yéu cdu vé dac tinh 1am vige cia hé théng, bao gém ci 4o
tin cdy, cdc chuyén gia vé dé tin cay va cdc k§ su thisdt k& cdn phai lua chon
cdc yéu cdu dac trung cho timg phén tif riéng & cda hé théng, gébm cd d4 tin
cay. Bai todn dua ra cdc véu cdu vé dd tin cdy phu thudc vio cdc nhan to
cing nhuy mifc dé quan trong cia tung phan tir chd y&u trong hé théng,
phuong phdp ma hé théng thuc hién cdc chic ning cia minh, dd phic tap
ctia hé thing va phu thude vao tinh chdt ciia chife ndng duge thuc hién.

Cdc yéu cdu 48 tin cAdy va su phan phdi gitta cac phdn tif hé théng
duge thuc hién theo trinh tu sau:

1. Nha thiét k& phai tim higu va hiéu ré su lién hé gida cde mie d6 46 tin
cdy cua hé thdng, hé théng con va phan .

2. Nha thiét k& cdn phdi khdo sdt do tin cdy ngang hang vdi cde tham s6
khdce cua hé thong nhu khdi lugng, gid thanh, va cdce dace tinh ky thuat.

3. Khi ddi héi d§ tin cay cao cia ngudi dit hang thi két cdu phai duye ning
cao, st dung cde phuong phdp gia céng, thif nghiém hién dai va sdp xép
cdc phdn of trong he théng mét cdch hgp 1y.

Gida d8 tin cdy cda cdc phan tif va cia hé thing ¢6 st phy thudc ham
86 sau day:

Ry, Ry, . . ., Ry} 2 Ry (10.42)
trang dé: R, — xdc suit lam vidc khéng héng cda chi tidt thit i; f — quan hé
ham sd cda dd tin cay gilta ceic'phﬁn tir hé théng; Ry, - d6 tin cdy yéu cdu cla
hé théng.

P31 vdi hé thing mac ndi tiép va song song thi quan hé ham sé giita
cdc phan t da duge bigt. D&i véi cdc hé thédng phie tap thi xde dinh sy quan
hé ham s& nay rat khé khidn va trong mdt 86 trudng hop ta khéng thé xdc
dinh duge bing cdc bidu thifc todn hoc don gidn. N&u xdc sudt lam viéde
khong hong phu thugc thai gian, thi ta khdo sdt Ry, va R, la edc ham phu
thude vao thai gian t.

Gia thuyét rang cdc phan td cia. hé théng déc 1ap vdi nhau, vd héng
hée eta bdt k¥ mat phAn tit nido s& ddn d&n héng hée cla toan bd hé théng
(c6 nghia 14 hé théng mdc noi tiép) va cudng db hdéng cia cdc phdn tir 1
khéng déi. Khi do:

Ri{t)Ralt). . . R,(t) 2 Rylt) (10.43)

Gid sif rang A; 14 cuéng dé hong cda phan tir thd i, va Ay, 12 cudng 4%
héng ciia hé théng. Khi 44 bat phuong trinh 10.43 tré thanh:
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Phédn tich vi phan phdi d6 tin ciy hé théng

—Agh Al At

e e M e pe
T day suy ra:
P S
Sau ddy ta khdo sdt mdt s6 truding hgp phé bidn phan phéi 8 tin cay
hé théng.

10.6.1 Phuong phap phan phéi déu

Theo phuong phdap nay cdc phdn t trong hé théng cé 46 tin cay nhu
nhau. N&u db tin cdy cua hé thong la Ry, va 4o tin cdy cia timg phan ti 1a R,
thi ta cé:

n
Rhi = nRi = R:I
1=]
1
Tir day suy ra: R, =(R,,)" (10.44)
Vi du 10.8
Mot hé théng thong tin lién lac gdm 3 hé thang con (mdy phat, mdy
thu va thidt bi ma héa). D& hé théng lam viéc thi méi hé thong con phai lam
vige. Gid sdf ring chi phi cho méi hé théng con nhu nhau. M3j hé théng con
¢dn cd d& tin cdy la bao nhidu d# cho xdc sudt lam viéc cho toan bé hé thdng
ia Ry, = 0,85737

Giai:
Theo phuong trinh (10.44) ta co:
I I
R, = (R, )} = (085737 = (.95
Do d6 mdi hé théng con trong hé thing lién lac cdn 6 xdc sudt lam
viéc khéng hong 1a 0,95,

10.6.2 Phuong phip phén phéi ¢6 trong s6 (phuong phsp
Arince)

Cdc hé théng con mic ndi tiép va c6 cudng dd hong khong déi. Khi
thyc hién theo phuong phdp nay ta phdi bidu didn dé tin cay cin thift qua
cudng dj hong. Néu 2% la cudng do hong cia hé théng con thu i, va A, la
cuimng dé hdng doi hoi cua hé théng.

n

DK<, (10.45)

i=l

Phuong phép dai héi thue hién theo cde bude sau:
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1. Xdc dinh cutng d$ hong cia hé théng con 2; theo két qud quan sat hoic
danh gid theo cde dit lidu sén co.
2. Pwa vao trong s8 w; d&i vdi mdi hé théng con tuong tng vdi cudng do
héng xde dinh trén bude 1. Trong s6 w; xéc dinh theo cong thic sau:

wo=-t_ i=1,2 .,n (10.46)

il

Thod man didu kién:
n
ZWi =]
i=l

3. Tinh todn cutng dé héng yéu cdu cho hé théng con thd i theo céng thic
sau;

;*"l = wilhl’ i= 1, 2, oy 11

Do d6 theo phuong phdp nay ta xdc dinh cutng 49 héng cho cac hé
théng con theo cdc gid tri trong s0.

Vi du 10.9

Khao s4t hé théng gdm ba hé théng con, cing d6 héng tuang dng
v&éi mdi hé théng con la: &, = 0,005, hy = 0,003 va Ay = 0,001. Xac suat lam
vige khéng hong yéu cdu cla hé théng 1a Ry, = 0,95 sau 20 giv lam viée. Xdc
dinh xdc sudt lam viée khéng héng cdn thiét cia méi hé théng con.
Giai:

Theo céng thie (10.46) ta xdc dinh cde gid tri w;:

oA 0,005 0555
" 0.005 + 0,003 +0.001
2
i-!
oo P 0,003 6333
27 0.005+ 0,003+ 0,001
2k
izl
A 0,00
Wy = 001 =011
1T 0,005+ 0.003 + 0,001
2
=1
Biét rang:

R, (20) = ¢ =095

Suy ra: Ay, = 0,00256

Do 46 cuding d6 héng cda cdac hé théng con cé dang:
¥ = wiky = 0,5655.0,00256 = 0,00142
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Phan tich vi phan phdi d6 tin cavy hé théng
A%3 = wyhy, = 0,333.0,00256 = 0,000852
A¥s= wydy = 0,111.0.00256 = 0,000284
Khi dé xdc sudt jam viac khéng héng cta ting hé théng con sé la:
Rr(20) - ci—['.ﬂnl‘illﬂ] - U 97
R3(20) = ¢/ -0000852) _ (1 oo
R (20} = e 000284201 _ (.99
1 - - t]

10.6.3 Phuong phip A GREE

Phuong phdp AGREE phic tap hon cdc phuong phdp da trinh bay,
dude st dung trong tinh todn dd tin cay cdc linh kién dién t& nganh hang
khéng. Gid st ring hé théng mic néi ti€p va cde phan tir héng doc tp vdi
nhau va cé sy phan phéi ma thai gian lam viéc cho dén ldc hong.

Cdc phén tv phic tap duge xde dinh tuong dng vdi su lian két theo sg
db. Chi s& quan trong cia phan tif va hé théng con duge xdc dinh qua xdc
sudt héng cta hé théng n&u nhu hé théng con cu thé nao ds bi héng. Chi s&
quan trong cha hé théng con w; = 1 cé nghia 13 hé théng lam viée héng khi
hé thdng con bi héng. Chi s& quan trong w; = 0 ¢6 nghia ia héng héc cia ha
théng con khdng dnh hudng dén kha nang lam viéc cia hé théng.

Méi phdn tir cia hé théng con ¢6 mét déng gép nhu nhau vao kha
ndng lam viéc khong héng cda hé thong. Cs nghia 14 cuting 46 héng cia mai
phén tir trong hé théng con Ia béing nhau. N&u A;t; nhé thi ta c6 the tinh gin
ding e™" =1~i.1., khi dé:

n '(Z"\'\J ]! —Nw, Ai t,
Rp@=[JRjt=c 7 /oo 'n
izl
Tir ddy suy ra cudng do héng doi vdi phan tf thi i cé dang:
nl-InR,, (1)
Nwa,

A=

1

=12 .. n (10,47}

trong d6: t — khodng thoi gian lam viee yéu cAu cla hé théng; t, — khodng
th¥i gian lam viée yéu cdu coa hé théng con thit i treng thoi gian lam viac
cia hé thong (0 < t; < t); n, — s& phan tif trong hé thang con thy i; N — tdng
s0 phan td trong hé théng: szﬂi ; Wi — chi s8 quan trong ctia hé théng
con thy i (xdc sust héng cda hé théng khi hé théng con thu i bi héng}; Ry, (t)
- x4c sudt 1am viéc khong héng yéu cdu ciia hé théng trong thai gian t.

Xdc suflt lam vidc khong héng ciia hé théng con thy i trong khoang
th&i gian t; duge xdc dinh theo céng thic:
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o

1= R (O}N

W,

R,(1,)=1- (10.48)

Coéng thic trén s& khéng chinh xdc néu nhu chi 86 quan trong cia hé
théng qud nhé. N6 cho ket qua tuong dé1 chinh xdc néu nhu gid tri wi cua hé
théng con gin bing 1.

Vi du 10.10
S5 liéu ciia mot hé thdng gom bén hé thong con trong bdng 10.5.
Being 10.5

S6 hé théng con | 96 phan tir trong | Chi s§ quan trong | Khodng thdi gian
hé'thé'ng con n, w; lam vige t; |
Y ' 1,00 10
2 25 0,95 9
3 100 1,00 10
4 70 0,90 8

Xdc suat lam viéc khong hong clia mdi hé théng con la bao nhiéu d€ ddm bio
xdc sudt lam vide khéng hdng ctia hé théng 1a R = 0,96 trong thdi gian 10 h.
Giai:
Téng s6 phan tif trong hé thing:
4

N=>n =210

Cuding d6 hong nhé nhat cho phép d8i vdi cde hé thing con:

51— 1n 0.9
3y = AT 0366
210.1.0.10
250
5, = 209 h00714
*7 2100959
_100[-n095] _ o oooaas
o2100010 0
70{1n 0,95
L = U095 402377
210.0.90.8

Theo cong thie (10.48) ta tim cdc gid tri xde sudt lam viéc khéng
hing cta cdc hé thing con.
- 15

1-{0951710
!

R (1) =1~ =0,99635

15

1-[0.95]2"

R,(9y=1- =0.99274

L]
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104

| _|0,95]1|n
|

Ry (10)=1- =0,97587

0

1-1095]210
H

R (8)=1— = 098116

D€ kiém tra ta xdc dinh xdc sust 1am viée khéng héng cha hé théng:
R, = 0,89635.0,99274.0,97587.0,98116=0,94723
Gia tri nady nhd han 6 tin cay doi héi do sai s6 khi tinh toan va do
chi s& quan trong cda hé théng con 2 va 4 nhd hon 1.

10.7 BAI TAP

10.1 Tim d¢ tin cdy cia hé théng trén hinh 10,21. Khi Ry = 0,95; Ry = 0,98;
R(_'_=0,75; R|)=0,85 va R[-; = 0,90.

Hinh 10.21

10.2 Sdu phan tir gidng nhau duge sdp x&p theo hai phuong phdp khdc nhau
nhy hinh 10.22, X4c dinh phuong phép nao cé db tin cdy cao hon.

{550 oo}

Hinh 10.22

10.3 Xéc dinh 46 tin cdy hé thong theo so dé hinh 10.23a va 10.23b

Hinh 10.23

257



Chudng 10

10.4 X4c dinh @8 tin cay cia hé théng hinh 10.24.

ok 059

0,80
Hinh 10.24

10.5 Tim dé tin cay clia hé théng nhu hinh 10.25 sau s dung phuong phap
danh 86 Vil R‘.\ = Rn = 0,95, RC = Rr} = RE = 0,99

Hinh 10.25

10.6 Tim dd tin cay cta hé théng nhu bai tdp 10.5 theo phudng phap xic
suat cé didu kién.
10.7 Tim @& tin cay cua hé thong nhu bai tap 10.5 theo phuong phap cut-set.

10.8 X4c dinh do tin cay hé théng nhu trén hinh 10.26 si dung phuong phap
danh S(A)‘ vii RA = R[; = R(; = Rn = RI-; = Rr' = R(; = R]] = 0,9

C
El F
|Bl |_!HI

Hinh 10.26

10.9 Xac dinh do tin cay hé thong bai tip 10.8 bing phudng phap xéc suit ¢6
didu kién.

10.10 X4c dinh d6 tin cay hé théng bai tap 10.8 bang phuong phédp cut-set.

10.11 Tinh todén dé tin cay hé thing s¢ dd hinh 10.27 theo phuong phéap cut-

set.
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—{ AT

Hinh 10.27
10.12 Tinh 4% tin ecdy hé thong hinh 10.27 theo phuong phédp xdc sudt c6
diéu kién va phuong phap ddnh sé,
10.13 Xdc dinh d9 tin cay hé théng nhu trén hinh 10.28a va b. Biét ring R,
= 0,85, R]; = 0,9, R(: = 0,9, RD = 0,95 va RE = 0,85

Hinh 10.28
10.14 Xde dinh d9 tin cdy hé théng nhy trén hinh 10.29a, b, ¢ va d. Biét
ring Ry = 0,85, Ry = 0,9, R. = 0,9; Ry = 0,95 va Ry, = 0,85, Ry = 0,9. So
sanh va chon s d§ 16t nhat.

Hinh 10.29

10.15 Hal dang phéan tif, mét dang c6 cuong do héng 1/10*h (dang A) va dang
khdc ¢6 cuting dd hong 1/10°h (dang B) duge sdp xép song song. Nam
phén (it dang A duge sip xép song song tao thanh hé théng X. Tim sd nhé
nhét cia cdc phén ti dang B dé tao mot ha théng Y mic song song va ¢6
dj tin cdy nhu hé thing X.
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10.16 Mudi phan tf giéng nhau médc song song dat duge do tin cay cho hé
théng 1a 0,9. Xdc dinh s6 cdc phan td thém vao hé thong song song d& db
tin cdy dat 0,95,
10.17 Hé théng mac ndi tiép bao gdbm 5 phan tir v4i cudng d hong tuong ung
la 00005, 00001, 0,0008, 0,0004 va 0,0002/h. Tim 46 tin cdy cua hé
théng trong 200h.

10.18 (idi bai todn 10.17 trong trutng hg¢p hé théng mdc song song.

10.19 Mét hé thdng mdc ndi ti€p gém 5 phdn ti vdi cudng 46 héng 0,0001,
0.0003, 0,0002, va 0,0008/h. Tim do tin cdy hé théng khi lam viége 100h.
Néu ta ting dé tin cay cha hé théng trong 100h 1én 5%, chon mdt phan tu
va cudng 46 héng mdi clia né theo cac diéu kién sau:

a. Khi khéng c¢é rang buge gid
b. Khi mot don vi dd tin cay dugc tang 1én kém theo su téng 1én cia
gid thanh 500000 VND, 400000 VND, 600000 VND, 1000400 VND va
800000 VND tuong ting vdi cde phadn 17 1, 2,3, 4 va 5.
10.20. Tuong tu bai 10.19 vdi 5 phan tif mdc song song.
10.21 Hé thdéng bao gém 5 hé théng con mic ndi ti€p. Xdc sudt lam vige
khéng héng cia hé théng la 0,99 trong thei gian lam viéc 10h. Cdc du
litu cho trong biang 10.6:

Bang 10.6
Héa théng con 86 cac phén tif, Chi sd quan trong, w Thei gian lAm viée, t;
1 25 1,00 1¢
2 80 0,97 9
3 45 1,00 10
4 60 0,93 7
5 70 1,00 16

S0 duﬁ:g phuong phdp AGREE tinh d6 tin cay cho cdc hé théng con.

10.22 Mt hé théng phie hop bac gdm 6 hé théng con véi cde chi tiét dugce
dua ra trong bang 10.7:
Bing 10.7

Hé thing 54 phan Thai gian lam | Xde sudt hé thang bi hdng do su.,r'
con (i) ta (n;) vige (t;, h) héng héc clia hé thang con 1 {w,)
1 4 10 1,0
2 12 5 0,95
3 8 20 0,8
4 20 15 0,90
5 16 25 1.0
G 6 30 1,0

Tim cudng d% héng cua cdc phin tlf cia cdc hé thdng con khdc nhau
A& 45 tin cAy cha h@ théng 1a 0,095 sit dung phuong phdp AGREE.
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THIET KE TOI UU THEO PO TIN CAY

T6i uu héa giit vai trd quan trong trong thist ké hé théng co khi.
Trong thiét ké ting phén ti hoic hé théng ching ta quan tam téi viéc do
tin cdy dat gid tri 16n nhat khi ¢6 cdc rang budc vé khéi lugng hoac gis
thanh nhé nhat trong gidi han cta dé tin cdy hé théng co khi. Trong cac
bai todn thiét k& két cdu co khi hoic xay dung, dé tin cay dua trén co sé
dé bén 1a rat quan trong.

b) Thiét ké té6i wu véi R = 0,99
Hinh 11.1 Thiét ké t61 wu trén co sé dé tin cdy
Do su canh tranh thi truong nén cdc sdn phdm thiét ké khong chi
théa man cdc chi tiéu vé kh& nang lam viéc, ma con phai thiét ké& téi wu

theo do tin cay véi muc dich dat dé tin cdy, an toan cao nhat, vat liéu
dugce st dung it nhat. Phuong phdp thiét k& t6i wu dua trén co sé do tin
cay (Reliability- Based Design Optimization — RBDO) khéng nhiing nang
cao chat lugng thiét k& ma con tang khodng tin cdy cho thiét k&, lam
giam gid thanh sdn xuit va cai tién miu ma tét hon.



Lhudng 11

Ung dung phuong phdp thidt k& t6i wu dua trén co s¢ do tin cay
trong cde bai todn thist ké k&t cdu co khi trinh bdy trén hinh 11.1.

Trong chuong nay ddu (ién trinh bay van dé t61 uu hod va cdc bai
todn thitt k& dua trén co sd dé iin cdy duge trinh bay nhu 14 ede bai todn
t61 uu hod. Tong két cdc phuong phdp khde nhau hién cé dé gidi quyst cde
bai todn thiét k& t0i wu. Qua cde vi du minh hea trinh bay chi tiét vide
tinh todn cde phudng phdp téi wvu phé bién. Gidi rthidu cde phuang phép dé
thi, phuong phdp nhédn t& Lagrange, phuvng phdp ham phat va phuong
phdp qui hoach déng. Cdc vi du minh hoa lién guan dén thiét ké tdi uu
trén c¢o sd d§ tin cay cia cde chi tiét mdy va két ¢du cong trinh va phén
phéi dé tin cdy t8i uu cho cdc hé thing nhiéo phan W

11.1 KHAI NIEM THIET KE TOI UU

11.1.1 Quad trinh thiét ké tdi uu

Té1 vu héa 13 qud trinh dal ducgc két qua tét nhit dua theo cdc
tinh huéng qui dinh. Muc dich cdc trinh tu thist k& thong thuong la tim
ra thigt k& thich hop va ching chi don thudn théa man cde doi hdi chiic
ndng bén trong nhing rang bude cua cde gidi han sdn c6. Cde Lrinh ty
thiét k& tdi vu nhim vao viée tim kidm cde bién thiét k& theo hudng tao
bin thi€t k& tét nhat {trong cde ban thiét ké thich hgp) théa mdn tat ca

cde rang buic yéu cau.

Tao mé hinh thigt ké téi uu
- Bign tiiét ké
- Muyc tigu thigt ké

- Rang budc thigl ké

Giai bai toan thiglt ké

| - Phudhg phap phan tich
- Phuong phap dé thi

[ - Fhuong phap 58

—_

. 1
Phan lich k&t qua td1 uu
BETIR L IRT(]
- Tink kha thi
- B¢ nhay
- Sy cai tign
Hinh 11.2 Qud trink thiét ké id67 wu
11.1.2 Bai toan thi&ét ké t6i uu

Bai todn t61 wu tdng quit cd dang saw
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Thigt k& 147 un...
[d L \'i

d,
Tim X = j
| (11.1)
[d”_
dé fiX) dat gia tri nho nhat,
Diéu kién rang buac la:
WXy <0 j=1.2,,n,
(X =0 k=1,2,,n. {(11.2)

disdi=d"; i=1,2,.,n
trong d6: d; - bién thiét k& thit i; X - vécto cia cde bién thidt k&; f — ham
muc tidu; h; — ham bat ddng thice rang bude: 1y ham ding thice rang budc;
n- 56 bién thiét ké&; n;- 86 ham bal ding thuc rang bude va ny 13 s8¢ ham
ddng thuc rang hudc.

Bién thiét k& hay con goi 1a bidn quyét dinh hodc bién didu
khién duge didu khidn bdi nguii quyél dinh va cé dnh hudng lon d&n 131
gidi cua bai todn t61 vu. Kél hop cde bidn thist k& khdc nhau ta ¢é cdc bai
todn t8i uu khde nhau. Cdc bién thist k& cé thé 1a:

- Bién lién tuc.
- Bié&n 1a 58 nguyén, vi du s6 rang banh riang va dia xich..
- Bién rai rac tir mdt day s6 tidu chudn, vi du duémg kinh than truc..

Muc tiéu thiét ké thugng bidu dién mong muén cia ngudi thist
k&, vi du lgi nhuin cao nhat vd gid thanh nhé nhat. Muc tidu thidl k& ¢4
thé la:

- (34 tri ldn nhdt cta doé bén, dd bén mon, dé tin cdy, d6 an toan..
- 3id tri nhé nhat gid thanh, thdi gian ché tao, khéi lugng, xdce sudt
héng..

Rang budc thiét ké cidn thiét d6 tim cde 161 gidi cho cde bai todn
td1 uu. Ham rang bude thiét k& 14 ham todn hoc theo cdc bi€n thidt ké'
Cdc rang bude thidt k& cd thé la;

- Ung suét 16n nhdt nhé han 46 bén.

- Bién dang nhé hon gid tri cho phép.

- Xdc sudt héng nhd hon mie d6 cho phép hodc d6 tin cay 1dn hon gig
tri mong mudn,

- Chi phf khdng vugt qud ngdn sdch cho phép

11.1.3 Cdc phudng phdp giai bai todn thiét k& t6i uu
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Khéng mét phueng phap don 18 ndo ¢ thé gidi duge tat cd cde

dang bai todn t8i uu mdt cdch ¢é hidu qua, Phu thuée vio dang cia bai

todn 81 wu, chi mét vai phuong phdp c¢é thé s dung mét ciach hidu qud d&

gidi ching. Phan loai cde bai todn t8i uu chi ra trén bing 11.1.

la tham s6

Bang 11.1 B
Dang bai Céc dac tinh bai toan
toan Ban chat Ban chit cia Bin chit ciaa Phuong phap giai
cia bifn | ham muyc tida ham rang bujc
thidt ké (X} hy{X) va L(X)
(x;)
Bai toan qui 86 thue Ham tuyén Ham tuyén tinh Phuong phap don hinh
heach tuvén tinh coa x, cla x;
tinh
Bai todn qui S8 nguyén Ham tuyén Ham tuyén tinh Phiuang phap edt ldp
hoach tuyén tinh coa x; cua x; Pbuong phap phan
tinh s4 nhanh
nguyén Phueng phap Zerg-one
Phueng phap qui
. linach
Bai toan qui S8 thae Ham bac hai Ham phi tuyén cda | Phuong phap bign the
hoach bire hai cua x; % don hinh
Bai toan qui 33 thue Ham phi tuyén | Ham phi tuyén Phuong phap ham
hoach phi tong qudt ciia % | téng qudt cia x, phat
tuyén Phuong phap dink
hudng kha thi
Bai toan qui 55 thue Ham da tliie Ham da thie theo Phuang phap dua trén
heach hinh theo x; X bat ding thiic hinh -
hoc s6 hoe
Dai todn qu S thue Ham phi tuy&n | Ham phi tuyén Quy hoach dong
hoach déng hodc s nhidu giai doan | nhiéu giai doan eda
nguyén cla x; 18
Cac phép Nhimg ham | Ham phi tuyén | Ham phi tuyén cia | Phuong phap sa
tinh cho ede thuc x;(t) ria x, dudi x; duei dang tich
bién sa trong dé t dang tich phén | phan

Cdc phuong phap chung dé gidi cdc bai lodn t8i uu théng thuang:
- Phuong phdp thd nhat 14 phuong phdp 46 thi, duge sif dung khi
s6 bién thidt k& 1a 1 hoac 2.
- Phueng phéap thd hai la phuong phdp gidi tich, dua trén co sé

tinh todn théng thudng s dung phuong phdp nhéan tir Lagrange

vdi ditu kign Kuhn Tucker, né duge s dung d€ gidi quyét cde bai

todn cé cdc rang bude ]a cdc ddng thife.
- Phuong phdp thi ba la phuung phdp s8, can goi la phuong phap
ham phat duge sit dung dé gidi quyét cdc bai todn tdi wu téng quat
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da trinh bay trén phuong trinh (11.1). Phuong phap niy dé& tim 1si
gidi cho hang loat cdc bai toan cuc tiéu khang rang buée.
Phuong phdp thtt tu duge biét nhu 12 phuong phap qui hoach
déng, duge sif dung d& gidi quyét cac van dé ma cdu trde vat 1y cta

né ¢6 dang néi tidp.
Ta cdn cht ¥ rdng tim gid trj 1¢n nhét cta ham 8X) tuong ing véi
tim gid tri nho nhat cia ham — f{X).

11.2 PHAN PHOI TOI UU DO TIN CAY HE THONG

11.2.1 Binh dang bai todn t6i wu phén phéi’

Trong chuong 9 ching ti d4 gi6i thiéu phan tich may thanh hé
théng. Phan phéi d6 tin ciy hé théng 12 qua trinh gdn dd tin cAy cho cdc
phan tu riéng 16 sao cho dat duge 44 tin cdy chi dinh cho toan hé thong,
D tin céy chi dinh cho toan hg théng cé thé dat duge theo nhiéu cach
khac nhau. Ta s¢ quan tam d&n tim gid tri nhd nhat mét tiéu chudn hoiic
ham muyc tiéu nhu la gid thanh, kh§i lugng hodc thé tich trong khi dat
duge d6 tin cdy toan hé théng qua mét khodng thai gian chi dinh nao dé.
Nhimg bai todn nhy thé duge dinh dang theo nhidu cich khac nhau duge
minh hoa bang ede vi du dudi day.

Vi du 11.1
Binh dang bai todn phan phdi ds tin cay st dung tdng gia thanh
lam ham muec tiéu.
Giai;
Gid s rang gia thanh cla phin ti thi i 14 ham s theo dd tin cay
¢.= ci(R,), bai todn t8i vu biéu didn duéi dang sau:
R,
R]
Tim X=

R,
dé fX) dat gid tri nhé nhat: £X) = DGRy
il
Diéu kién rang budc: Ry, (R, Ry, R.i = R
0<Ri<l:i=1,2,.,n
trong dé: Ry la d9 tin cay chi dinh ciia hé théng; R, 1a dd tin cdy cda pndn
ta thit i va n l1a s6 cdc phan ti.
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Bd tin cdy cia hé thdng phu thufe vao sy sdp x6p cde phdn tit trong hé
théng. D61 vdi hé théng mic ndi tiép:
Ri(t) = JTR; )
il
Néu cuémg do heng viac phan uf la A; thi phugng trinh trd thanh:
Ry, (t) = ll[ C}.,l N C}xml _ C—té‘p-;‘._z (BT
1=i
Trong truéng hgp nay diéu kidn rang buée bigu dién dudi dang:

n
S hi-hg <0
i=1

trong d6 Xy la cubng dé hdng tuogng dng 46 tin cay chi dinh R4 etia hé
théng.

Vidu 11.2
Binh dang bai todn phan phdi d% tin cdy st dung gid tri ldn nhat
dé tin cay hé théng lam ham muc tiéu.
Giai:
Bai todn td1 uu hda biéu dién dudi dang sau:
R|
R.‘.
Tim X =

R

dé fiX) = Ry, (R, Ry, , R,) dat gid tri Idn nhat.
n
Didu kién rang budc: ¢ = ¢,(R,) € ¢y
i=1
0<R;=1;i=1,2,.,n
trong dé: ¢; 1a gid thanh cia phan t& thd I; ¢y 1a gid thanh chi dinh Ién
nhit cia hé théng.

Vi du 11.3

Dinh dang bai todn phédn phdi 48 tin cdy st dung gid tri ldn nhat
d6 tin ¢y hé théng lam ham muc tiéu che hé théng ndi ti€p — song song
nhy hinh 11.3.
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Nhap | 2 | ﬂ
..4‘ . — . . e _‘ .
| 1 i
S B N e
LY M T
Giai doan 1 Giai doan 2 Giai doan N
Hinl 11.3 H8 thing mde néi tiép, song song
Giai:
Bai todn t61 wu héa biéu dién dudi dang sau:
(R, |
R_'
Tim X = f
I-{H J

N
4¢ (%) dat gid tri 160 nhat Ry(X) = [ -0 -k, ]
i=1

Zcin, = Oy

i=1

Diéu kién rang bude

trong dé: ¢; 1 gid thanh cda phdn ¥ thit i va ¢, la gia thianh lén nhit cho

phép cua hé théng.

11.2.2 Giai cdc bai todn téi wu phan phdi dé tin ciy

Cédc phuong phdp gidi cdc bai toan t6i wu duge trinh bay cu thé
trong cdc tai lidu vé tdi ua héa. Trong muc niay ching téi chi trinh bay cde

phudng phdp gidi bai todn t&i wu phan phei dé tin cay.

11.2.2.1 Phudng phip dé thi
Khéo sdt bai Ltedn téi un héa:
Tim X d& f{X) 14 nhd nhat.
biéu kién rang budjc:
hX)<0,ij=1,2 .. .m

(11.3)

Néu méi trong n bién, x; , duse tugng tng vdi mot truc toa d4, thi
két qua 12 khong gian Pécde n chidu duge goi la khéng gian thidt ke, Mai
diém trén khéng gian n chidu goi 13 diém thist k& va tugng Ung vdi 1o
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gidi c¢6 kha néng thuc hién hoic khong c6 kh& nang thue hién cua bai
todn thidt k&

Thiét k& ¢6 kha nang thue hign duge phai théa mén tat cd cdc
rang bude, trong khi d6 han thiét k& khong kha nang thyc hién vi pham
mét hodc nhidu rang bude. Cac diém thiét ké ¢d khd nang thye hién hodc
khéng c6 kha nang thue hién duve ngén cdch béi mot mat cong duge goi
14 mdt cong rang buéc. HE hidu khdi niém mit cong rang budc ta khdoe sat
bat ddng thic rang bug: h(X): 0. Tap hop cdc di€m thiét k& X théa man
déng thie hiX) = 0 tao nén siéu dién trong khéng gian thigt k& va duge
goi 1a mat cong rang buje. Mét cong rang budc chia khong gian thanh hal
phan: mdt phin véi hi(X) < O va phan con lai 1a h(X) > 0. Nhiing diém
nao nim trén siéu dién h(X) = 0 sé thoa mdn mét cdch tdi han. Nhing
diém nidm trén mién hyX}) > ( 22 khong cd khd nang thuc hién va khéng
th& chap nhin duge. Nhing difm ma hy(X) <0 ¢6 kha nang thye hién va
chap nhan duce. Khi cdc mat cong rang budc tugng dng vdi tdt cad diém
rang buge hy(X) < 0. j=1. 2, ... m dude khdo sdt thi ching sé& chia khong
gian thiét k& lam hai micn: mién duge goi 14 khéng gian c6 khd ndang thuc
hidn duoe ma trén dé mdi diém thist k& X s& tuong dng vdi gid tri b(X) <
0 va mién khdc goi la mién khdng o6 khd ndang thyc hién ma trén dé moi
diém thidt k& twong dng véi h;iX) = 0,
Mién khéng cé

18

X, XU kb nang thue hién§>’\>~ ASL X ‘;" Buéng bao
fac | o 1 S \.\ﬁ\il\\\_\.\ﬁ | ham muc tiéu
———-d—__.r_——vé oo Mién €6 e rCges e,
f=c, &’9‘“ «ha nang thyc men <
— A - -, -
f=c N S>>L T —— — ~— . L
=t W T b
t=c, ) ~ v
—_— T L gidi
f=¢c = -
s R tai uy
- N
_'_"“‘-———-__q_)é_h_' /'b [ @
T o Céc mat cong
" FRN 3;‘\“ __rang budc
X e
2 ~ ,<:‘ "'{‘:: s
ol T~

%,

Hionh 111 Phuong phap do thi

Khi ham muc tiéu dugc v& véi (X} = ¢ = const, d6 thi tac nén hinh
dang siéu dién trong khong gian thiét k&. NEu nhiéu ham dé thi dugc vé
véi cdc gia tri hdng s6 ¢ khdc nhau thi k&t qua mat cong dudc goi la cac
mat cong ham muc téu MOt khi cac mat cong myc tiéu duge biét thi loi
giai t81 vu cha bal todn co thé dugc nhan biét nhu |4 cdc diém thigt ké trén
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khéng gian co kha nang thuc hién ma dem lai gia tri nhé nhat cho ham
muc tiéu.

Cac mat cong rang budc, cdc mat cong ham muc tiu vdi I18i gidi
61 uu cla bai tedn 18i wu hai bign duge trinh bay trén hinh 11.4. Cha y
rang néu sé cac bi&n 16n hon hai holic ba thi cdc rang budc va cac mat
cong ham muc tiéu trd nén phuc tap ngay ca cho viéc quan sat va bai toan
duge gidi quyét hoan toan nhu la mét bai toan todn hoc. Trong vidy 11.4
trinh bay trinh 1y thié1 181 Lu theo phuong phap dé thi.

Vi du 11.4

Hai phdn t& dugc mdc ndi tiép nhu trén hinh 11.5. Gid thanh
phdn ti thd nhat I100R] trong do R,la 46 tin cay phdn tr thd nhat.
Tuong tu gid thanh phdn i thi hai 200R3 trong dé R, 14 4§ tin cay phdn
tir thit hai. Tim d) tin c4dy cdc phan t d& gid thanh 14 nhé nhat. P6 tin
cdy cia hé théng cting nhu cda cée phdn td khong duge nhé hon 0,7.

Giai:

Cde bién thigt k& la do tin cdy cde phdn td:

e

Ham muec tiéu 1a lim gia tr1 nhé nhat cia gid thanh:
f{X) = (UDR; + 200R?
Céc didu kién rang budc:
RiR;20,7eédnghiala g(X)=07-RR:=<0
0,7<R;<1cénghiala g(X)=R;- 0,720 vage(X) = Ri- 1 <0
07<Ry<lcinghiala gdX)=Ry-0720vagsX)=Rso-1<0

. S "

Hinh 11.5 Hg thong gém hai phdn td mde ndi tiép
Cédc duang bao trinh bay tur g, dén g trén hinh 11.6. Ham rang
buéc gy la dudng cong I, = 0,7/R..

R, 06 (065 |07 |07 |08 |08 |09 |095 |1

R, 1,167 | 1,077 1,000 0,933 | 0,875 | 0,824 | 0,778 | 0,737 | 0,700

Buéng bao ham muc tiéu:
HXy = [0OR; + 200R) = ¢
duge v& vdi edce gid tri ¢ khac nhau.
Cédce difm trén dudng buo duge liét ka:

250 100R?

LOOR; + 200R; = 250 suy ra R. -
: ; 200
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(R, [0 065 |o7 o7 08 |08 [09 [o95 |1 |
| R, {1,034 1019|1003 | 0,984 {0,964 | 0,943 | 0,919 [ 0,894 | 0,866 |
100R? + 200R: = 228 suy ra R, = 2257 100R;
200
R, (06 loss [or Jo7s Tog Toss 109 jo09 |1
R, 10972 0956 | 0938 | 0919 0,897 | 0,874 | 0.849 | 0,821 | 0,791
) T —————=
T00R, + 200R. = 200 suy ra R, - 200 106R;
| -V 200
R, |06 [066 107 Jo75 |08 |08 |09 |09 |1
R, [0.906 0888 0.869 | 084308250799 ]0771 0,741 | 0,707
I00R; + 200R: = 1u8 suy ra A, - HM
Vo200
R, Jos Joses [o7 Jows [os [o8 [oe [o9s 11
R. 0,900 | 0,882 ! 0,863 | 1.842 | 0,819 0,793 | 0,765 0,734 . 0,700
100R? + 2002 = 175 suy ra R, = [0 10ORy
: : 200
R, 0,6 [ G635 0.7 0,75 0.8 0,85 0,9 0,95 1
R, | 0834 | 0,815 | 0.794 | 0,771 | 0,745 | 0,717 | 0,686 | 0,651 | 0,612 |
gix=C Sl
10 .& -’ 74
S § f=750
L T T ez N gxEn
08 T o744 ’0} e N
“"f LT 20 7 - Mignca kna
Y T \,/\ nang thuc hign
? . . f=200 g
= =1G N iEm i u
02 ‘m%_ e LER o~ ; ?R?:rg,slaog.%pzo.m;
T t=175 v
7 s, e
2
0.7 - I
I
" ai{x)=0
~ f
S
.. -
06 g ™
0.5 S Y RO BT
.6 .7 o33 0.8 10

Hink 11.6
Cdc dudng bao duge irinh bay trén hinh 11.6 va c¢6 thé quan sdt
thdy duge ring cdc gisd Lri ham mue tidu khang thé gidm dudi gid tri 198

khéng ¢é bat cf mdt vi pham rang bude dd tin cay nao. Piém t6i wu la
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Thiét k& 161 wu...
diém tiép xic cda hai dudng cong g,=0 va [ =198 (didm A). Khi d6 R, =
0.99 va R,'=0.71 véi f,,,, = 198.

11.2.2.2 Phuong phap giai tich

€6 rdt nhicu phuong phdp giadl tich d& gidi bai todn t8i wu. Trong
muc nay ching téi gidi thiéu phuweng phip Lagrange va didu kién
Kuln - Tucker.

Phuong phdp nhan tir Lagrange la phuong phdp gidi tich duoge si
dung @8 tim gid tri nhd nhdl cia ham nhidu bign khi cde ham rang budc
la cdc dang thic. Bai todn duge ridi quyé&t ¢6 thé trinh bay dudi dang:

I,
d,

TimX:-::' (11.4)

dé fiX) dat gid tri nhd nhat.
Biéu kigén rang budae la;
14X = O: i=1,2 . p
Trinh tu gidi quyét bai todn kém theo viéc tao mét ham mdi duoe
goi ta ham Lagrange 1(X i) nhu sau:

L(X.l}:I'(X)+]Zl_il_i[}() (11.5)
I
trong dé A; 14 hang sé chua bigt va duge goi 1a nhan ti Lagrange.

Can c¢hd § rdng theo didu kién rang budc cé nhiéu nhan ti
Lagrange. Gidi quy&t bai todn 4t va 13 tim gid tri nhd nh4t khéng rang
buge clia ham L{X.2). Cic didu kign ¢cdn thiét d€ tim gid tri nhé nhat cia
ham L{X,») la:

o iy
AEI) 6 L

l‘lli
] (11.6)
fLE?(_f.;}_.{}; i=12..p

[

88 cde dai lugng khong biét 1a n+p (n bi&n thiét k& x; va p nhan tir
Lagrange ;) va sd cdc phuung winh nhan duge ciing 1a n+p. Nghiém cia
giai hé (n+p) phuong trinh phi tuyén 1a X va 3. Mac db phuong phdp nay
tuong ddi don gidn, luy nhién gidi hé (n+p) phueng trinh phi tuy&n rat
dai déng. Mat khdc néu cde ham f va | khong thé bidu dién dudi dang
tuéng minh thi d& gidi h& (11.6) sé rat khé khan. Tuy nhién, cdc phuong
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phap s& thich hop trong t61 vu héa nhu ham phat khdo sd4t ¢ muc tiép
theo 58 duge st dung dé gidi quyét cdc bai todn tdi uu.

Vidu 115

Hai phin tir duge 1dp song song nhu hinh 11.7. Muén tim d¢ tin
cay cdc phan t¥ R, va Ry @€ téng gi4 thanh 1a nhd nhat khi ma 46 tin cdy
clia hé théng R =0,9. Gid st riing giad thanh cdc phén td R, va R, tuong
ting & bing 100R,; va 200R,
Giai:

Bai todn duge phat biéu nhu sau:

Tim X v&i:

X = di - R|
dy | TR,
Ham mue tiéu 14 tim gi4 tri nhd nhat clda gid thanh:
f(X) = 100R, + 200R, {vd5-1)
Cidc didu kién rang bude:
LXy=1-11-R){1-R)=Ry + R, - RjR: - 0,9 =0
Ham Lagrange cé thé dugc viét dudi dang:
L = ]OOR] + 200R2 + A (RI + Rz “Rle —0,9)
trong d6 A la nhan tii Lagrange.
Cdc didu kién cdn thigt d& t6i uu la:

aL 100
—=100+2(1-R;)=0 h=— dh-2
) + AL 3 suy ra Ry {vd5-2)
oL 200

=200+ A{1-R)=0 ho=- d5-3
A, + A ) suy ra R (v )
AL
b (vd5-4)
A

Hinh 11.7 Hg théng gdm hai phdn ti mdc song song

Tir biéu thife (vd5-2) va {vd5-3) ta nhan duge:
2
T (I-R)) (I-Ry)
Thay biéu thdc {(vd5-5) vao (vd5-4) ta nhan duge:
(2R, -1 +R, —R,(2R, =1)=0,9 c6 nghia 13 2R} —4R, +1,9=0

cé nghiala R, =2R,~1 (vd5-5)
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Thiét k& t61 .,
Giai phuong trinh vira nhan duge ta cé R, =07764 vd 1,2236. Li
gidi to1 uu Ia Ry*= 0,5528 va R,*= 0,7764 (vi R* < 1) véi f,,, = 210,56,

Mét trong nhiing phuong phép gidi tich st dung phé bién 1a didu
kié¢n Kuln — Tucker cé dang sau (bai todn 11.1):

LI Ty

VI 43 wiVh X0+ 3 v VI (X)=0 (1.7
)=l k=I

whiX)=0vdij=12 ., (11. 8)

20 vaij=1,2, ., n
LXy=0vwvaij=1,2,.,n (11.9)

Gradient cac ham bidu dién dang sau:

- T
vt(X)-{"—f & "'f}
d

ml .‘(?d"
.
.
vhixy=| S b ch (11.10)
M E?dl &y,
T
)= 2L o al
A, A,

Do dé digu kién Kuln — Tucker ¢é thé viét dusi dang sau:

. t, ShaX n
(X} e j( )+Zk‘kalk(X) 0 (11.11;

+ ) W
2, &Y
whiXl=0Owvdij=1,2 ,n
it J

=

wiz0 ° vdij=1,2,..n
h(X)=0 v6ij=1,2 ., n
Vidul1l.6
(Gidi bai tedn 11.5 theo diéu kidn Kuln - Tucker.
Giai:
Bai todn dugc phdt bidu nhu sau:
Tim X vi:

el

dy R,

Ham muc tiéu 1a tim gi4 tri nhd nhét cda gig thanh:
f(X)=100R, + 200R,

Cde didu kién rang bude:

](X) =1-{(1- Rl)(l - R2)= Rl + R2 - Rle — 0,9 =0
Cdc dao ham riéng:
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f of al al
= =100, =200, 2~ =1-R, yy ——=1-R,
dR, T OR, " R, R,
Theo difu kién Kuln — Tucker ta cé6 hé phuong trinh theo Ry, Ry
va vy
of &
= +\-"] — ZIOO""\'"(]—RzJ:O
€R R
S |
A v A o2004v,i1-R=0
R, 'R,
Rl +R2 —R]RE -09=0

(Gidi hé phuong trinh trén ta thu duoe {chi nhan nghiém v, &m}:

v, = 200000 = 447 2135955

200 -
R, =- +1=10,776393
A
10{)
R, = —— 4 1 = 0.5527864
¥

11.2.2.3 Phuong phap s6 (phuong phap ham phat)

Muc dich phuong phdp ham phat 14 dua bai tedn qui hoach bi rang
bude vé bai ledn khéng bi rang bude. Phuong phdp nay duge gidgi thiéu day
du trong cdc 1ai lisu v& t871 uu héa, d diy ching t6i chi gidi thidu cdc néi
dung chinh,

P& gidi quyét bai todn t61 vu (11.1) theo phuong phip ham phat ta
phai tao mét ham méi duoe xdc dinh bdi cong thie:

nm I
¢k{x.rk)=l'cx;+rkZL—J—Zlf(X) (11.12)

Pl JIH

trong d6 1y, 12 h&ng s6 duong, duge biét nhu l1a tham sd phat.

Bai toan trinh bay theo céng thife trén trd thanh tim gid tri nhé
nhat clia ham ¢, theo trinh tu gidm gia tri ry. Gid tri r, ban ddu duge chon
biang 1, sau dé gidm ddn dén gid tri 0 sau mdbi lAn tim gia tri nhd nhét
ham khéng rang budc. Piém bdt diu dé tim gia tri nhd nhat duge gia s
rang ¢6 kha ning thuc hién lién quan vdi cdc bat ddng thite rang bude,

Trinh tu lap lai bao gdm cde bude duge 1iét ké dudi day;

1. Bat ddu véi diém ban dAu X; ¢é kha nang thue hién, thda man t4t ca
cdc bat déng thic rang bujc véi ddu bat ddng thdc chat ché (<), ¢6
nghia chila X} < 0vdij=1,2,... mvagid tri ban ddur, > 0. Gdn
k =1,

2. Lam cye tiéu ham ${X,n,) bing cdch st dung phuong phédp t6i thiéu
khéng rang bude va thu duge nghiém X *. ‘
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3. Kiém tra Xi* ¢6 phdi 14 nghiém t81 uu cia bai todn (11.12) hay khéng.
Néu X * tim duge 1& t81 wu thi k&t thic qud trinh. Né&u khéng thi ta
tiép tuc budc tidp theo.

4. Tim gid tri cda tham 86 phat ryy: 1, = cry trong d6 ¢ < 1 (théng
thudng 13y gid tric = 0,1).

o |

- Lay didm bdt ddu mdi X; = Xp*, gan gid tri méi k = k+1 va tiép luc
bude 2.
Su héi tu cda trinh ty tuong Ung ry tién vé gia tri 0 duge minh hoa
bing dé thi hinh 11.8 va bai toan trd thanh don gian:
Tim X = |x|{ sa0 cho ham f(X) = ax, dat gia tri nhé nhat.
Cdc diéu kién rang buge:

giXl=b-x; 20 {(11.13)

f‘%

|
e L
8] x#=b x]*(3) X]*(Z) xf‘(‘)

Hinh 11.8 Sy 1l tu cila phuong phdap ham phat

Vi du 11.7

Dam cbng x6n c6 tiét dién ngang hinh chit nhat chiu tae dung luc F,
va F, nhu hinh 11.9. Luc tdc dung F, = 8000N, F, = 6000 N, chiéu dai
thanh 1 = 1000 mm, \ing suat gigi han o, = 500MPa. Xac dinh kich thudc
b, h dé dién tich A = bh la nhd nhat vé¢i 10<b < 100, 10 < h £ 100,

Giai:
Ham muc tiéu:
Xdce dinh gid tri nhd nhat eda ham:
A =bh
biéu kién rang budac:

61(F, F
i X)=—| 2 +L| -5, 50
B hh[h h] <

10 =b < 100
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10 < h < 100

(3idi bai todn nay ta thu duge b = 37,736 mm, h = 60,479 mm véi
ing suit 4985 MPa.

Y
~

NN
p

-

N

A

1=1000 Lbo

Hinh 11.9

11.2.2.4 Phuong phip qui hoach dgng

Viao nhimng niam 1950 Richard Bellman phdt trién phuong phap
quy hoach déng d€ giai quyét bii todn quyét dinh nhiéu giai doan nhu la
su phéi hop cia cde bai todn nhidu giai doan riéng 1é. Trong da sb cdc
trudng hop gidi quyét cac bai toan t6i wu. clia N giai doan riéng 1é s& dé
dang hon khi so sanh vdi viéc gidi quyét bai todn 181 uu nhiéu giai doan.
Uu diém céng thém cia quy hoach dong la phuong phap cé thé xi 1y cdc
bign rifi rac, khong 184, lién tuc va cdc ham khéng kha vi ma khéng c6 bat
¢t khé khan nao. St dung cdc phuong phap thich hgp dé gidi quyét trong
pham vi rong rai cac bai todn ra quyét dinh xuat hién ngay cang nhiéu
trong cde bal todn dé tin cay.

fn fh-1 fi f2 f1

Giai doan Giaidoan| _ ~ __|Glaldoan|___|Giai doan Giai doan
Sned n S n-1_ Fis i B. s 2 Sz 1 5
Xn Xn-1 X, X2 Lﬁ‘l

Hinh 11.10 Bai todn quyét dink nhiéu giai dogn

Mot vi du trong nhimg bai todn quyét dinh nhidu giai doan duge
trinh bay trén hinh 11.10, trong d6 cdc giai dean n, n-1, .. i .., 2,1
duge d4nh dau theo hudng gidm dan. Trang thdi nhap cla giai doan i la
8,1 va trang th4i xudt 13 s,. Tham sd thiét k& trén giai dean i goi 1a x; va
déng gép cia chiing vao ham muc tidu 1a £=£(X).

Bai todn caAn gidi quydt 1a tim X = (x, %3, . . ., x.)" d& ham muc
tidu dat gia tri nhé nhét:
FiX)= fiX}+ LX)+ ... +,(X) (11.14)

276



Thiét ké t6i vn..

Véi gia thuyét rdng: s = si(si,, X% i= 1,2, .. ., n
va cdc rang budc khédc chi dinh cho x; va s; (i= 1, 2, . . ., n).

Qui hoach déng bdt bude sit dung khdi niém t6i wu héa cuc bs va
nguyén tdc t6i wu d& gidi quyét bai todn quyét dinh nhidu giai doan. Thuc
hién theo trinh tu trinh bay duéi day. Phén ti cudi cing (phdn tu dugc
danh dau s3 1 trén hinh 11.10) duoc sit dung d4u tién cho t6i uu héa cue
bo. Néu trang thdi nhap clia phan ti nay 1a s; duge chi dinh thi x, phai
duge chon d€ ham fi(xy, s;) 12 nhé nhat. Dat gid tri nhé nhét cia ] la
Fi*(sy):

F'(sy) :;‘;“‘ [f,06,.55)] (11.15)

Biéu thic nay xdc dinh gi4 tri nhé nhat cla f, nhu 13 ham trang
thai nhap s; dudi dang tham s8. Sau dé, ching ta khéng dinh hai phan tir
cudl eling (cdc phdn tif ddnh ddu 2 va 1 trén hinh 11.10) cing nhau cho tdi
uu héa cuc bo. O day chung ta chon x; va x;sao cho ham:

Fy (53) = £,(x5,50)+ £(X,,8,) (11.16)
¢6 gid trl nhé nhat cho gia tri chi dinh s; bt ky ta thu duge:
F;(s3}=:‘“i:j [£20%5,50) + £,(x,,5,)] (11.17)
14

Bdi vi s, c6 th€ duge tinh khi ma s; va x, duge chi dinh, do dé
phuong trinh (11.17) ¢6 thé viét lai véi sy trg gitp phuong trinh (11.15)
nhu sau:

Fy(s3) =" [ x50+ FGs,)| (11.18)

Qud trinh t6i uu héa cuc bé c6 thé tifp tuc bing sy can nhic trén
bai todn t3i uu héa cuc bo thit n. Mét céch téng qudt bai todn tfi uu héa
cuc b thit i ¢é thé phat bidu nhu sau:

F,-‘(S,-n):g:m lfi(xi'si+[)+F|:] (Si)J {(11.19)

Trén bai todn t3i uu héa cuc bé cudi ciing trang thai nhip s, duge
chi dinh thudng xuyén va vi 1y do dé F". cdn phdi duge tim cho méi 1dn
nhap duge dat tén 14 s,,;. Ngoai ra cn chi ¥ riing chi mét bidn thidt k&
duge bac ham tai mot giai doan bat ky. Vi 1y do dé t5i uu héa cuc bé duge
mong doi s& rat don gidn.

11.3 DANG BAI TOAN THIET KE TOI UU KET CAU
THEO PO TIN CAY

Bai toan téi uu theo d6 tin cdy ¢é dang sau:
Ham muc tiéu:
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Tim X = (11.20)

d

o

dé fX) dat gid tri nh¢ nhét.

bidu kién rang budc la: }
Plg(X, p) < 0P = R;;j=1,2, ., ng
hX, mp¥=® k=132, , ny
df=di<d"; i=12.,n
& day d; — bién thiét k& (c6 thé la don dinh hosc ngdu nhidn) thi
i: X — vécto bién thidt k& (bao gébm don dinh va ngau nhién); p — vécto
tham s8 ngdu nhién, hay con goi la cde hé s nhiéu, ¢é gia tri trung binh
m,; fid) — ham muc tiéu; g; — ham trang thdi t6i han thit j; n- s§ bién
thiét ké: n,- s6 rang bude xdc suit; R, - do tin cdy mong muén; d;, 4 -
giéi han dudi va trén cta bién thiét ké thy i.

Pé thoéa man didu kién rang bude Pig(X, p} < 0)) = R; thi ta phai
phin tich d¢ tin cdy, sit dung phudng phdap FORM véi tim kiém MPP, ¢6
nghia a4 gidi bai todn tdi vu theo céhng thuic (5.16) va (5.17). Do dé bai
todn thigt k&€ t8i uu theo d8 tin cay gdm 2 vong lap t6i vu ldng vao nhau.

Bai toan t6i uu cd thé viét lai dudi dang sau:

Ham muc tiéu:

d
d-

Tim X = (11.21)

dj,
dé fiX) dat gid tri nhé nhat.
Biéu kién rang bude:

Plg(d} = 0) - (-f) < 0,j = 1,2, ..

hidd, mp) = 0; k=1,2 ., n,
dil‘E dj = dju y 1= 1, 2,..., Il.
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Thiét k& ¢6ivu ...
trong d6: @ 1a ham phan bd tich lay cia phan ph&i chudn va B; 1a chi s6
d6 tin cdy mong mudn cia rang bude Lha j.
Ham xdc suat hong 1giX) > 0) xde dinh theo cong thuc (5.8):
F, 0= PgiX)< )= ‘[I"(x)dx < <D[-|$_I]  (11.22)
BXpedl
Qua phép bién d8i nghich ddo &'} va FU*) thi rang budc xdc
sult cé thé bitu dién dudi dang sauw
By = -O(Flg(0)) = 6, (11.23)
g =1 o) 20 (11.24)

trong dd: By va g, l1a chi 88 d0 tin ciy va gid ham trang thii gidi han dat
duge & rang bude thaj.

Céc vi dy dudi day minh hoa viée dinh dang cdc bai todn thist ké
cd khi va két cAu nhu 14 cde bai todn 67 wu héa.

Vi du 11.8

Dam c¢ong xén ¢6 tidt dién ngang hinh chi nhat chiu tdc dung lue
F, va F,; nhu hinh 11.5. Luc tdc dung F,, F,, kich thude b, h, médun dan
héi E, tng sudt gidi han 1a cdc dai luong ngau nhién cé gia tri cho trong
bang 11.2. Chiéu dai thanh | = 1000 mm.

Bdng 11.2
Bai lugng I (Gid  tri  trung 1 Sai léch binh phuong
_ | binh ) I trung binh
Lyc tic dung F,, N 8000 1000
Luc tdc dung F,, N 6000 800
@g suat gidi han o,, MPa 500 .' 50

Xdc dinh kich thude b, h dé ti&t dién thanh 1a nhé nh4l dam bdo da
tin cdy R = 0,999,
Giai:
Ham muc tiéu:
Xdc dinh gid tri nho nhat cia ham:
A= bh

bidu kién rang bude:

£y ;
6l F, Ly
p DL B, -_‘.1 ~ g 50| 2R,
bhi b b

10 <b < 100
10 < h < 100
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Vi du 11.9

Xdc dinh chidu day t va dudng kinh d cda 6ng trong két ciu nhu
hinh 11.11 d& dién tich mat cit ngang ¢6 gia tri nhé nhédt. Lye F tdc dung
lén tay quay. Truc duge xem nhu 13 didm c6ng xdn ché tao tir thép éng
AISI 4140. Cde dai lugng ngau nhién trong bai toan déu phan phéi theo
qui luat chudn. Gid tri trung binh va sai léch binh phuong trung binh cta
cdc dai lugng ngdu nhién (x,Sy) theo bdng 11.3.

Bang 11.3
Bai lugng Gid tri trung binbh | Sai léch binh phuong trung binh
Luc F, N 3000 300
Gigi han chay o, MPa 600 60
Khoang cach L, mm 250 1
Khodng cdch L,, mm 200 2

Sai lach binh phuong trung binh dudng kinh truc S4=0.015d. Xdc

dinh kich thude truc réng 4 xdc sudt lam viéc khong hong R = 0,999.
Giai:

Mémen can uén mat cdt ngang:

ond' ooty ad'f f o aY
Y a3 d

by

Hinh 11.11
Mémen cédn xodn:
Wy =2W
Ung su#it 16n nhat sinh ra tai vi tri dudng kinh vong ngoai cia
truc réng va tai vi tri lién két vdi tuong. Ung suit uén o va xodn t c6 gid
tri 16n nhat tai ving nay. Ung sudt tuong duong a,4 theo thuyét bén 4 c6

_ 2 2
Ty =4/ +31.|

dang:

trong dé:

280




M KL,
o=—=—
W w

_ T _FL;

wl’} WU

Tir day suy ra:

F |
Sl :m 4L2|+3L%

Ham trang thdi gidi han:

g(X) =0y -~ Gy =0 —%J%i +3L5

Bai todn t8i w: ¢ dang sau:

Xdc dinh gid tri nhé nhit cla ham:
A=ndt

Diéu kién rang budce:

P[c“m —ZFW,ML% +31% zoj >R,

d/t < 100

ad*{  d-20) =d 20
s W=——|1-2"= [T 2|
trong dé 32[ i » 5

Vi du 11.10

M6t gian hai thanh nhu hinh 11.12. C4c thanh ¢6 tiét dién hinh
vanh khdn v6i gi4 tri trung binh dudng kinh d va chiéu day t. Mai thanh
déu ¢6 hai dang héng: uén doc va nén. Pinh dang bai toan x4c dinh gi4
tri trung binh cda d va t d& tim gid tri nhé nhat eba khéi lugng cla gian
thy thudc vao rang budc theo d¢ tin cdy cla thanh theo ubn dec va nén.
Céc dit lidu cba bai toan la: Fy = N(250000, 25000)N; Fy, = N{150000,
15000)N; t = N(t, 0,011) mm; d = N(d, 0,013 ) mm; o = N(210, 21)MPa:
Mbédun dan hdi E = N(2,1.10°% 2,1.10"MPa; B = N(500, 25) mm; H =
Ni(675, 25) mm; p = N(7,9, 0,79).10° kg/mm?® P tin cay t6i thiéu chap
nhén R;;,=0,9973.

Khoang gid tri c6 thé chdp nh4n duge cta d va t la:

25 mm <d < 125 mm
25 mm=t< 25 mm
Giai:

Gid sU rang ing sudt nén va ing suit uén doc trén mdi thanh
tudn theo qui luat phan phdi chudn, &% tin edy t6i thiéu trén méi dang
héng tuong tng véi diém phan vi z, = -3,0 (R=0,9973),
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Luc nén tdc dung 1én thanh bén phai xdc dinh theo céng thue:
I ”'.J'__' T A .
, :\,'(H“+H']“/I-i+ﬂ)

T

" 2 v H B

F
Fy
|
Y - Mat cét A-A
| N
. _ t
H 4 > Y
. 7 7%
AN J )
i/

B | &
Hinh 11.12 Gran hai thanh

Ung sudt nén o, vit udn o, xde dinh theo cong thie sau:

VB ED N By R aTHd e
n e L H OB J YU lndt BT+ HY

trong dé: I 1a médmen qudn tinh mét edt ngang; L 1a chifu dai thanh.
Khéi lugng cua gian duge tinh theo cdng thic saw
W= Zp‘ﬂdl\/g1 +H’
Ta xem cde gid tri Lrung binh d va t 1 cde bién thist k& va gid
tri trung binh khéi luong la ham muc tiéu W, bai togn do tin cay c6 thé
trinh bdy nhu sau-

Tim =’[d|}=<[fli
1(‘2 l[ J
d€ ham f(X)=2pndtVB> + H- dat gid tri nhé nhat.
Cdc rang budc:

B> +H>1 /Iy F
A L. TR PN Y
o mdt +H B

L

7 2 2

e LU

1{%,——‘—: — )20 z R,
L BB~ +H")

26 mm <£d < 125 mm

2hmm <t < 25 mm
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Thiét k& tdivu ...

11.4 TRINH TU THIET KE TOI UU KET CAU TREN CO
SG PO TIN CAY

Cdc bai todn thidl k& t61 uu theo do tin cay théng thudng cdc bién
thiét k& va rang bude lién quan dé&n d6 tin cay. Trong muc nay ching téi
trinh bay cdc phuong phdp chu yéu d& gidi bai todn thidt k& t&i wu theo do
tin cdy.

11.4.1 Phuong phap hai v ong lap

Theo mé hinh hinh 11.13 thi d§ tin cidy cia mdi rang bude dé tin
cdy ¢dn phai udc lugng. va ta goi md hinh nay 1a edng thic d9 tin cdy truc
tiép. Do tinh hiéu qud va chinh xidic ta s dung phuong phdp xdp xi chuéi
Taylor bdc nhat vdi tim difm xdc sudt ldn nhat dé xdc dinh d6 tin cay
truc tiép cho mé hinh nay.

Thict ke ban dau hlt‘t k& toi wu

Toir it Lisa

[ N

. . : Ve
Bi¢n thiét ké L ong lap téi wu

o

Phén tich dd tin cay
Monte Carla

Rang bude dd tin cay

/

FORM
! SORM
Bian Rang buoe Bié'll Rang buar
ngau nhién  tin riy ugml uhien tin C'lv
/

l '\10 hinh mo plumg k\« thudt |

-

.

]\»:111;{ lap phan Uch di im s

Hinh 11.13 Trinhi ty thidt k& theo d6 tin cdy
B tin cay ham rang buge g(d, X, p), i = 1, 2, ., n, duge ude luong
bing xAp xi bac nhat nhu sau.
Bau tién ta chuyén cic bitn ngdu nhidn ti khong gian X sang Uy
va P sang Upp (vdi i 14 rang buje tha i) Ta xde dinh MPP cho mé hinh
sau;

min B -fU (11.25)
Comtlg gt
vdi ditu kién rang buse gid, X, p) = 0 {11.26)



Chuong 11
Bai todn trén o6 thé gidi bing gidi thuat trinh bay chuong 5 hoac
bat ky gidi thuat t8i wu nao. Loi gidi 1a didm MPP (Ux’, Uip ) va chi s6 dd
tin cay:

B=“UiX'UiP“ {1127)

Phin tich d§ tin cdy

e FORML .

Tim kiém MPP
T&i thidu: g = |[U:||

b

Bign thist k& d=d"my=m," U; = (Ui, Uy
Tham s& ngau nhién: P 4V Uy) = 0
Di tin cAy yéu cdu: R Plgi > 0)= ‘DU)ﬁ)
me,P‘R d ¢ My
T8 wn _ Ham Frang t]_]a1 gidi han
{1éc lugng ham mue tidy don dinh g5 { = 1.2, g
va ham rang budc -

Pig,<0), i=1,2;..

gl Ham muc tiéu don dinh
fld,m,m,} v cAc ham
gidi han don dinh
gj(d,m*,mp}<0, j=1,2,...,n.g

Hink 11.14 8o dé gidi bai todn thiét ké 161 uu truc tiép theo dé tin cdy

Khi d¢6 4% tin cdy duge xdc dinh theo cong thie:
R = P{g;(d, X, P)> 0} = [ - d{p;) (11.28)
Cén chd ¥ rdng tim kiém MPP cho mdi rang budc do tin cay va mdi
MPP cho méi rang budce d6 tin ciay ddu khéde nhau,
S dung cong thite dinh gid dé tin cdy truc tidp, ban cin phai ude
lugng 46 tin cay R =Plg;(d.X,P)>0) cho mdi ham trang th4i gidi han
g;td, X, P, so 46 gidi trinh bay trén hinh 11.14. Trong trudng hgp nhidu

ham trang thadi giéi han theo do tin cdy, vai rang budc c6 46 tin cAy rat
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Thiét ké t6i vu ...

cac va khéng bao gi¢ duge nhic dén trong sudt qué trinh 81 uu. Trong vai
trudng hop théa man mét rang bude d5 tin cdy nay s& thod méan vai rang
bude dj tin cdy khac vi chdng cé cing chung cdc bién thigt k& va tham s3
ngdu nhién.

St dung phan tich nguge 44 tin cdy trinh bay muc 5.8 dé€ dua bai
todn t61 uu theo d6 tin cdy vé bai todn t8i uu don dinh.
Tim gid tri ham trang thdi gisi han g" tuong img xdc sudt héng F:
F= P(g(d, X, P <gF)
Hoac: R=P(g(d,X,P)>gF)
Tl cong thide (5.58) ta c6 ham trang thai gidi han méi:
g(d, X, P) = g(d, X, P) - g7 = g(d, X* P¥)

Phén tich dé tin cay

. FORM
Bat diu
Tim kitm MPP
Gid tri max: Gi(d,U,,,U;,)
Bién thigt ké: d=d%my= m° le {U[;"’Ug)_l (R
Tham s& ngau nhién: P ;i”_ _“ o
Do tin cay yéu cAu: R gi = &ldX P
[+]
mx !PIH d! mx I
i T&i wu Ham trang thai gigi han
| Udc lugng ham muyc tidu don dinh g i=1,2,., n,
™ 5 Fa
va ham rang bujc —— | R

Plg, < 0}, i=1,

[ A" MG | d,mx

Ham mue tidu don dinh
Fld,m,,m;} va cAc ham
gidi han don dinh

gld my,m,)<0, j=1,2, .1,

Hinh 11.15 So d6 gidi bat todn thiét k& t5i wu trén co sd¢ phdn tich nguge

dé tin cdy
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Chuang 11
(idi thuat xac dinh g© da trinh bay trén muc 5.8. Sau khi xéc
dinh g thi bai to4n t8i vu tréd thanh:

Ham muc tiédu:

4
d

S

TimX=? (11.20)

d

dé fiX) dat gia tri nhd nhat.
Pidu kién rang budc:
Pg(d, X*, P*)> 0) = R;;j= 1,2, ., n,
hX, m,1=0; k=12, ., n
d'=d;=d"; i=12,.,n
So db gidi bai tedn tai uu st dung phin tich nguge dd tin cay trinh
bay trén hinh 11.15. S dung phuong phap nay giai vi du 11.8 thu duge
két qua B = 42,15mm, H = 56,7 mm.

11.4.2 Cic phuong phap khac giai bai toan t6i wu

Ngoai phuong phdp hai vong lap trinh bay & trén, ta con sud dung
cac phuong phap dudi day dé gidi bai tedn thigt k&€ téi uu trén cd sd dp tin
cay.

Phuong phip xAp xi truyén thong (TAM)

Phuong phap nay phat trién vao cdc nam 1980 va hién duge Ung
dung trong cdc phdn mém thiét k& tdi vu két cdu (hinh 11.16). Y tuéng
chinh 14 tinh todn ham s& va dac ham cua ching tai vdng lap ngoal, gidi
bai todn t&i vu x&p xi & vong lap trong va lap dén khi nao hai tu.

Hitm <& va ude
lugng dauo hiim <

oy

Xip s
y

h 4

Toivu

Hinh 11.16 So dé phuong phdp xép xf truyén thong
Mit bién thi€t k& mét vong lap (SLSV)
Phuong phdp nay do Chen dua ra 1A phuong phap higu qui thiét
k& xdc sudt tél vu viao nam 1997, Sau dé Wang va Kodiyalam sir dung
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Thigt ké tdivu ...
phuang phap tuong tir cho cde dai lugng ngdu nhién c6 qui luat phén phéi
khong phdi phan phéi chudn vao nam 2002. Cén chy ¢ ring tinh hiéu qud
cua phuong phdp nay phu thude vao diém chon ban ddu. Sau dé Choi va
Wan (2001) két hop phuong phdp nay v6i phuong phap tim kiém diém xac
sudt 16n nhét (MPP). So db tinh nhu hinh 11.17.

Pl tich wic suat "
Tun 9, -
m Yy
o
AR i el
Tindi ehire bt o ude Vit o
dd, 1
i
i v dan din
Twwgin trinho ulit 1y}

vdi rang bnde Rj:(] BN rr'ili'l n =1, 2., n,
Wt X

|IIS<| s d"

Hinh 11.17 So dé tink cho phuong phdp SLSV
Phudng phap hé sé an toan (SFA)

Nhap vaod

Phin tich xic¢ suat
- - Iy . Sy g 'y 1
T MIPP w2 Design Shift o cho t4t ¢d g

T6i vu din dinh
Tun gid tri nhé ahal [y,

vdiringbude godvl. 0. j= 2 . n,
*srp

!
d < 5"

Hinh 11.18 S0 dé tinh cho phuong phép SFA
Wu va Wang (1998) va sau d6 Wu va cde téc gid khdac (2001) s
dung khai niém “rang bugc don dinh xap xi tuong duong” dé gidi cde bai
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Chuong 11
tosan t61 uu trén co s& 4% tin cdy, V& so¢ dd tinh don gidn va thuc hién
riéng biét hodn tean tinh todn tdi uu va phéan tich do tin cdy (hinh 11.18).
Phucng phép nay ¢6 hai uu diém chinh:

1- K&t hop chat ché vdi khai niém hé s& an toan timg phan dia quen
thude vdi cdc nha thist k&

2- N6 lam nang cao dang k& sy tin tudng vao ban thiét k&€ trong giai
doan ddu tién va gidp nha thigt k& theo doi ban thidt ké cua
minh.

Phudng phap téi vu va danh gia dé tin cdy lién tuc (SORA)

Du va Chen (2002) 48 nghi phudng phap ddnh gia d& tin cay va
tdi wu lién tue (hinh 11,19}, Phuong phdp nay thyc hién vong lap don véi
hang loat danh gid dé tin cdy va t8i wu lién tuc. Trong mdi loat té1 uu va
d4nh gia do tin cdy doc 1ap 14n nhau, khong ¢6 su danh gid d§ tin cay nao
duge yéu cdu trong qud trinh t&i uu va danh gid 4§ tin cdy thue hién sau
khi t8i wu. Y tudng chinh clia phuong phap nay la sy thay déi dudng bao
ctia cde rang bude don dinh bi vi pham.

Nhap vio d

Phan tich xdc suil

e e ‘
Fim MPP vd s=d-N, o (-110__gj

T41 o denaljnh
Tim gid tri nho nhat £y

vii rang buge gjttm\ S0 j=1 2 on,
NINY

dl<dga"

Hinh 11.18 So dé tinh cho phuong phdp SFA

11.5 BAI TAP

11.1 Khdo sdt bai toan xdc dinh xdc sudt lam viéc khéng hong trong giai
doan thiét k&, khi d6 tng suit L va do bén S phan phoéi theo qui luat
chudn lam viée khéng héng ctia méi phan tir R=0,99. Ham chi phi 461
v 04 dai lugng mg, Sg, my, S, ¢d dang saw:
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Thiét k& tHi vu ...

¢img) = 0.0022mE" "% 30000 < my < 75000MPa

8= 800S0 1000 <8¢ < 1N0DMPa
3(m) ) =89997m; 13 10000 <m; <68000MPa
ey (S =3665"" 500 €8, < 7500MPa
Tim cdc dai lugng mg, Sg, my, Sy, d€ chi phi 1a nhd nhat va do tin
cay cda hé thdng vin didm bao.

11.2 Khao sat cdc ham chi phi trinh bay trén bai 11.1. Xac dinh gid tri
cua b6n tham sé nay dé xdc suat lam viée khéng héng 1a 1én nhat vdi
diéu kién rang budc 12 tdng chi phi khéng vugt qua 100 don vi.

11.3 Khdo sat hé thong bao gdm N nhém méc ndi ti€p véi n; cde phén tif
mdc song song trén nhém j; j=1, 2.. . . N. M&i phan ti¥ cia nhém j cé
gia thanh ¢, trong lugng w; va dé tin cay R;.

a) Binh dang bai todn xdc dinh d6 tin ciy cia hé thong la ldn nhat
theo cdc rang bube vé gia thanh va khdi lugng cia hé théng.
h) Gidi bai todn dinh dang trén muc a véi cdc dif lidu trén bang 11.4.

Bdng 11.4

] _Nhém j E; c, W
1 0.9 5 3
2 0,7 6 1

| 3 0,8 8 2

G4 tri 16n nhat cla gid thanh 100. Gid tri 16n nhat cia khéi lugng 50.

11.4 Hé thong gom N hé théng con. Gid st F; 1a xdc sudt lam viéc khong
hong cia hé thong con thi j, j =1, 2, ., N. Khi d6 xdc suat lam vide
khéng hong cia hé théng ¢é dang:

N N
Ry =] JRi =] [r-%»
1= b=

BY6 tin cay cda mdi hé théng con tang 1&n bing cdch dua vao cdc
thanh phan dy tra. Gid st n; s6 cdc thanh phén du tri trong hé théng
con thit j. Nhu th& xde suat hdng cda hé théng phy thij la F; lién quan
dén xdc suit hong cua ting phén td trong hé théng phu nhu sau:

in o+l
F=y,

n oz i

Gia sif ¢; 1a gig thanh cda méi phan td trong hé théng phy thi j, C
- 1a tong chi phi cho phép va W khéi lugng cho phép cda hé théng. Bai
todn toi uu héa nhu sau:

Tim gia tri ldn nh4t cia ham:

N tn;+1})
Ry = n(l— q; .
)=l
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biéu kién rang bude:

n =
cjn}_C

M T

~t

J-EO

= o

trong d6 n; 1a s6 nguyén.
(Gidi bai toan td uu vai di lidu cho trong bdng 11.5.

Bang 11.5
5& hé théng Gid g Khii luong | Xdc suit khang | Téng che phi
con w; hing R; va khdi lugng
1 11 4,0 0,85
2 2.5 3.8 0,75 C=40
3 3.8 7.5 0,90 W=60
4 4 9,5 0,80

11.5 Khdo sat hé thang bao gdm N nhém méc song song vdi n; cdc phin
t¢ m#c nédi ti€p trén nhém j: j=1, 2,. . ., N. Mdi phan td cta nhém j cé
gid thanh ¢;, trong lugng w; vh d¢ tin cay R;.

a) Pinh dang bai toan xdc dinh d6 tin céy clia hé théng la lén nhat
theo edc rang bude vé gid thanh va khéi lugng cia hé thing.
b) Gia bai todn dinh dang {rén muc a v6i di lidu trén bang 11.6:

Bdng 11.6
Nhom j R, ¢ w;
1 0.9 5 3
2 0,7 6 1
3 0,8 8 2

Gi4 tri 16n nhat cua gid thanh 100. Gi4 tri 16n nhat cha khéi lugng 50.
11.6 Tim l&i giai cho bai toan t8i uu sau day s dung phuong phap d6 thi:
Tim gid tri 16n nhét ciia ham fix;, %) = 3x; + xy.
Véi rang budc:
3x,+2%9 2 6
X+X: < 8
2x,-dx, < 2
- dx+3n, <12
X120 %, >0
11.7 Hé théng mic song song gém hai phin t ¢6 cudng dé héng la 4, va
he duge tdi uwu theo gia thanh nhdé nhat. Gid thanh cde phdn tu 1a
c;=100/), va ¢;=200/%,. Tim cdc gid tri &; va iy dé tdng gid thanh la
nhé nhat va d§ tin cdy cha hé 14 0,99.
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11.8 Ung suit xodn ldn nhét sinh ra trong 13 xo nén (hinh 11.20) dugc xde
dinh theo edng thiic:
_de-1 0615

W&(-lc—4'} C

vdi: ¢ = D/d la chi s6 16 x0; D — dudng kinh trung binh; d- dudng kinh
day; F- luc nén.

B§ cing k cua 16 xo xdc dinh theo céng thuc:
_d'G
8Dn
vi: G - médun dan héi trugt vi n — st vong lam

k

viée cha 1o xo.

14 xo0 duge sit dung trong hé théng c¢6 do
cing k = 2 + 0,04 N/mm. Gidi han chay cdt 16 xo
T = 630 + 70 MPa, khéi lugng riéng p = 7,9
kg/dm®, médun dan héi trust G = 8.10% + 0,35.10*
MPa. Luc nén 16 xo I = 2000 + 500 N. Gii su
rang tat ca cde dai lugng trén tudn theo qui luat
phdn ph&i chudn. Ngoai ra hé s& bién phan cdc
dai lugng a, D va n la 0,1. Pinh dang bai todn

tim d, D va n d& khai lugng trung binh 1a nhé
nhit véi rang bude dé tin cdy R = 0,99 theo dé
bén cing nhu theo d8 cimg cta 1d xo.

Hinh 11.20

11.9 5t dung phuong phdp dé thi gidi bai todn tdi wu 1d xo trén co sd do
tin c4y nhu bai t4p 11.8.

11.10 Trye hinh tru réng dugc thiét ké theo khéi lugng nhd nhét vei rang
bude 48 tin cdy 0,999 v4i mémen xo0dn T = N(100000, 1000) Nm. Gidi
han chdy khi cat 1a 1,= Ni(350, 35) MPa, khi i¢ng suft 1dn nhat sinh ra-

Ty
1
trong d6: ry 12 ban kinh ngoai cta true, J 1& momen qudn tinh déc cuc
cta mit cdt ngang. _

Dung sai c¢h€ tao ban kinh ngoai va trong cta true 1a +0,1mm.
Chidu dai true 1250 + 25 mm va khéi lugng riéng cia vat liéu la
7.9.10°£7,9.10% kg/m®. Binh dang bai todn thiét k€ va gidi ching bing
phudng phdp d6 thi. Gid st rdng gid tri cdc bién phan phdi theo qui
ludt chufin va dung sai chi dinh bing 38.

1111 Lye xiét F; tdc dung trudc trén mdi bulong M6 cda nhém gém 08

buléng cdch déu nhau (hinh 11.21), ¢§ dinh d4u xilanh véi vong dém,
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Chudng 11

cé gid tri 40004400 N. Xilanh, dau xilanh va buldng duge ché tao ti
thép c6 médun dan héi E = 2,1.10° £ 2,1.10° MPa. D6 bén buléng khi
thit nghiém 350 + 35 MPa.
Vong dém cé chiéu day ty vdi mddun dan héi 1750+ 175Pa. Ung
sudt sinh ra trén buléng duge xdc dinh theo cong thie:
F K

a, :
A, A,

i

trong dé: F la lue kéo tic dung lén méi buléng; Fy — la lue xiét tdc
dung 18n mdi buldng; A, lia dién tich tiét dién buléng tinh ung suat
kéo; ¥ - hé 58 ngoail luc.
Hé s8 ngoai lue ¥ duce xd¢ dinh theo cing thie:
&

3k

B 6|1| +61\
trong dé: 8, va &, la d6 mém cia vong dém va buléng duge xdc dinh
theo cong thuc:

] l
Bh - h_ ;6h — m‘
AhP‘h -'\mF-m

vdi: Iy (1,) la chidu dai tinh todn clGa buléng va méi ghép; Ay (A, 1a
dién tich m4t cdt ngang buléng va mdi ghép; Ey, (E,,) 14 madun dan hdi
ctia buléng va méi ghep.

Ap lue bén trong xilanh 3500 % 350 Pa. Dinh dang bai todn tim [,
va (. dé khi lugng ddu xilanh 1a nhé nhdt vdi rang buge dd tin cdy

clia buldng 1a 0,999 va 12.5mm < (1) < 25mm.

ul
O
- 250125 %*
" 2002125 - il
4 o IS IS, @ 7

0 h\--\ __
o Map xilanh &
¥ - o :
Bulong \/___?(ucnh L.'!rl

.

N
150475

§t=t‘:to,?_5 W=t£0,25

Ilinh 11.21
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CHUONG 12

CHUONG TRINH TiNH TOAN THIET KE
VA PHAN TICH HE THONG CO KHIi THEO
PO TIN CAY (RADME)

Trong chuong nay chung téi gigi thiéu két qua tinh toan thiét ké va
phan tich két cdu co khi va cac chi tiét may theo do tin cdy. Trong tinh toan
theo d¢ tin cay ta khao sat kich thude hinh hoc, co tinh vat liéu va tai trong
ngoai nhu la cac d'u lugng ngau nhién va tinh todn theo céc gia tri gidi han.
Trén co s¢ ly thuyét trinh bay cdc chuong truée ching toi xay dung chuong
trinh  RADME (Reliability - based Analysis and Design of Mechanical
system) tinh todn theo do bén va dé cing. Chuong trinh gém 3 phan (hinh
12.1):

- Tinh toan mét s6 két cau co khi.
- Do tin cay céc chi tiét truyén dong: banh rang, truc, § lan.
- D6 tin cay cdc chi tlet méy khac

v toan kel cau co ki T i b e, e w3 bans

Doty ey e b Iﬂ.m;.iin;r_._-“
Cac Dang T Toan

& Twhtan thank chi e Tirh toan thach ches uon " Tinh boan thanh chas won va woan
Tirky s S gheg s Tk tware dam chud | chmugn < Tk buan Sy cha uce: e tob dinh
Tirch toan shandy o dee Tinh shasi i e pruc vap ¢ Tt ko i chd o von 2 bac e dung

& Tk lnan Bk chas ta tong phas b

Tiép Tuc Thodt

Hinh 12.1

Cac chi tiét chu yéu hé théng truyén dong bao gébm: banh ring, truc

va 6 lan (hinh 12.2) Trong muyc nay ta tinh cdc chi tiét hop giam toc 1 cap
cho hé thong truyén dong hinh 12.2 [30]. Céc sé liéu trong bang 12.1.

1- dong co; 2- bo truyén dai; 3- hop gidm téc; 4- bd truyén xich; 5- bang tai
Hinh 12.2 Hé théng truyén déng cho bang tdi
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Bang 12.1 Ddc tinh ky thudt hé théng truyén déng

Chuong 12

True
. Dong co I 1 111
Thong so
Céng suat, (kW) 6,02 5,66 5,43 5
Ty s6 truyén 3,25 2.5 2,56
Moémen xo#én, (Nmm) 592391 181380 434855,4 1001048,2
Sé vong quay, (vg/ph) 968 298 119,2 47,7

12.1 TINH TOAN THIET KE BO TRUYEN BANH RANG

PE& tinh todn thiét ké bo truyén banh riang ta chon nuat Tinh todn
banh rdng, truc va 6 lan (hinh 12.3).

RADME { PHAN TiCH VA THIET KE CO KHi THEO D0 TIN CAY)
Tkt bt v €0 ki ) Tinh toan baoh rang, e, va o lan | Do cay oac che bek may khae
. lnllo;.mba'unmo
 Tiekiosn e
7 T ioan o ln
Tidp Tye Thoat

Hinh 12.3 :
Dua trén trinh tu trinh bay chuong 8 ta tién hanh tinh toén thiét ké
va phan tich banh ring theo dd tin cay. Tinh toan thiét k& banh ring theo
do tin cay duge t

D3 tin cay bé truyén banh rang
Tirk1 1oan then 4 ben tep s g
Tirth wan: vt L vies: kiong Bong ciss bo uyen bann ang
¥ [Tk v e ko b 1 thens e s g
Wz 1 R ik
Tiri ooy Wi cho bt wanen

T traa thaed b bty vang i dio by ooy

&{mun

Tiép Tyc ;

Thoat

Hinh 12.4
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K&t qua tinh todn

Bién thiét k& ngau nhién la d. Cac tham s§ ngiu nhién cho trudc:
gid tri trung binh cdc hé s6 Ka = 1; Kup = 1,15; Kuv = 1,2; Kna = 0,8; hé
s6 bién phan tai trong ngoai vk, = 0,1. Gia tri trung binh va hé sé bién phan
cdc dai lugng khéac: T= N(181385, 18138,5); Zy= N(269,49; 5,68); Z = N(1,76;
0,0838); Z, = N(0,9037; 0,012426); Zg= N(1; 0,003), Zy= N(1,04; 0,0343); K,
= N(0,92; 0,03036); Kxy = N(1,03; 0,0339); Ky = N(1; 0,033); u = N(2,5;
0,125); wya = N(0,4; 0,04). Banh riang dugc ché tao tir thép téi cai thién, gid
tri trung binh va sai léch binh phuong trung binh cia gii han méi
Ottiim = N(625, 45) MPa. Cdc dai lugng khdac xem nhu don dinh. Cho biét Sd
=0,01d va xéc suat lam viéc khong héong R = 0,99. Két qua tinh todn ta thu

duge d = 91,71 mm va S; = 0,917 mm (hinh 12.5a).

83730 tomn thies. e binoly o, cho . ey then tew e bers tiep s
Tinh todn thiét ké theo A6 tin cdy theo tiéu chudn bén tidp xic
Do b g a0
Tl 5 [N K, 5 DT e P
Ky 1115 Ew 02 + 2, fmaE 5. FEw
L o s - fooE
1 CO §, lama
K, P® 8, 00X § fhmm
Koo 11 s, Dom Cos, m
v g, o
e “;a‘ 552 L [—— ot % Doeanbe =g H > BOND
v, 5 R w r B Lacan e mat M on BlIKS
et qua -
S T T T T g a  ewmae
R f Gy O FAINIZNE ey TR

Tinh xdc sudt lam viée khéng hong bd truyén banh rang theo
tiéu chuadn bén tiép xic
& A p— T
B B N2 £ Z. fmse s Ba
Zy L% {00838 . 09T 3“ ooz
2, T s, fiw 2, T
k, b= , & A% | N b oo
};’__ 1 5.." o u “ N S,_ =
d 2 s =
i T A Basnha el H o SOHR
By Py 5 ] OMPa) ¥ Curen e mal H 4 BOHE
Sl s
ny [T AN6ERar v nriEam Wi
T TERTD bR R, M
Kt Gud I Thait |

b)
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Chuaong 12

Bai todn phan tich vdi cdc so liéu nhu trén ta xdc dinh xdc sudt lam
viéc khong héng banh ring theo dd tin ciy theo tiéu chudn bén tiép xic véi d
= N(92; 0,92) mm. K&t qua tinh todn R = 0,99086 nhu hinh 12.5b.

=, Tinh toan thiet ke banh rang theo do tin cay theo tieu chuan ben won

Tinh todn thiét ké banh rang theo df tin cdy
theo tiéu chuan bén un
b < e T e
(45 IAH v, [oo7eszae ' 111
b o
% S T——or
k. R et T - e 0 T
e 1 o o o Y, o B, amz
T e 5 o o f
vy 08 s, lood v, [om
R L] - 1 jine 41 AL SommgZ [
e o L7 ioton ot ) (TR £ - % 2. [ T oy fom
K. i
i+ Tk theo cac gia i s
G s o e Sl §
¥, o s, [fomn T2 D S, [pun
o —
Kl oua %
5 NewsmerzrEs Gy [WEFSOEE 0 v, [0 2omEasasease
O T R v, [oromsessran T Gy [47.0933m43z80278
KatOus | Thoat
a)
=, Tinh xac suat lam viec khong hong cua banh rang theo tieu chuan ben won
Tinh xdc suat 1am viéc khéng héng cla banh rang theo tiéu
chuan bén uén
Du b nhag vao
T 1 5-_5_ 1|ma }.,_- 1 SK,._ ilixk}
. 5, ; v, v
K, I . g oy o (1]
T g e S 1
fe S, P Y, [ by om
O O O T — LR
G i o T e e S
s'lwz i2_U_--“ o
© Ttk -
K, BT S huong mau thu = s el o fose
% Tinh theo cac gia bi sau
T s 5 [oomie B S Sufo
¥, fo s, fowmwm g, 5
L
Kot
oy vy aesnEnye g5, [emss Vi X<
ar  msmiemar g [Z6239i63ro7es R, [03%sea
Kt Qua Thokt ;
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K&t qua tinh todn

Tiép theo ta tinh todn thiét k& banh ring theo do tin cay theo tiéu
chudn bén uén (néu bo truyén dé hé) véi xdc suat khong héng R = 0,99, K
= 1; Hé s bién phan tdi trong ngoai vk, = 0,1; Yg= N(1,065; 0,035145),
Ys= N(1,01; 0,03333); Yx= N(1; 0,03333); Ky, = N(1; 0,033); Kye= ) o i
= N(181385; 18138,5); ypq = N(0,8; 0,08); Kgy = N(1; 0,033); Kgy = N(1,18;
0,103826); Yy = N(3,80: 0,252). C4c dai lugng sau la don dinh: Kr.=1; Y, =1;
Kz = 1; Y; = 1. Banh rang duge ché tao tir thép toi cai thién, gid tri trung
binh va sai léch binh phuong trung binh cia giéi han méi oy, = N(585: 45)
MPa. Céc dai lugng khdc xem nhu don dinh. Cho biét S,=0,01d. K&t qua
tinh todn ta thu duge d = 47,093 mm va Sy = 0,471 mm (hinh 12.6a).

Tiép theo ta tinh todn xdc sudt lam viec khong héng cta banh ring
tru rang thang theo tiéu chudn bén méi uén véi cdc si liéu nhu trén va gid
tri trung binh va sai léch binh phuong trung binh dudng kinh d = 42 mm, S,
= 0,42mm. Két qua tinh todn R = 0,9956 nhu hinh 12.6b.

12.2 TINH TOAN THIET KE VA PHAN TiCH TRUC

Dua trén trinh tu trinh bay chuong 5 ta tién hanh tinh todn thiét k&

va phan tich banh rang theo d¢ tin cay (hinh 12.7). P4u tién ta tinh cho truc
L.

= Thiet ke van phan tich truc

THIET KE VA PHAN TiCH TRyC
THEO BQ TIN CAY
Truang hop 1 . o Trushg hag 1
o [Taving " TavimC |
© Taving ¢ Taivimb K, Far F,
A a | a B l ]
a Fl‘_! e a b ‘
Truong hap 3 " Twong hop 4 i :
TaivitiC O Teweic |
TaiviniD Foafllr TaiviuiD = fi
- " r
= _ a Tu k.. -
c e o
- ! - | i _
1
Tifp Tyc | Thaht '

Hinh 12.7
12.2.1 Tinh truc I
Gia st ta chon truong hop 1 va tai vi tri C (Iyc F,; va F,, nguge chiéu).
Cac thong s6 nhap vao: vat ligu chon c6 gidi han méi m, , = 255MPa, hé s6 bién
phan v, = 0,1. Céc dai lugng ngéu nhién 1a tai trong tac dung:
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Chuong 12

mq = 181385 mm, Sy = 18138 Nmm, mg, = 1180 N, gy = 118 N, mpz = 792 N, Spyy
79,2 N, mpy = 3280 N, S = 328 N. Céc dai lugng ngau nhién la kich thu6e my
=150 mm, S, = 2 mm, m, = 75 mm, S, = Imm, m, = 90 mm, S, = 1,2 mm. Céc dai

luong lién quan gigi han méi: m, = 0,8, S; = 0,02; my = 1, Sy = 0,02; mg, = 2,5; Sko
= 0,03; mg, = 1,1, Sk, = 0,033. Thiét ké v6i do tin cay R = 0,999.
Két qua tinh toan thiét ké nhu hinh 12.8.

w; Tromng hop 1 - Tail vi tri €

TRUGNG HOP 1 F,; vA - NGUQ'C CHIEU - TAI V] TRI €

Tk Laan theat ks : i ; F Tirk tosn =ac sust

4 [Eenoon

Hinh 12.8 Tinh todn thiét ké truc

Sau d6 v6i cac sb lidu nhu trén va ldy dudmg kinh d c6 gia tri trung binh va
sai lech binh phuong trung binh ta tién hanh phan tich do tin cay (hinh 12.9).

= Truong hop 1 - Tai vi tri € |'5-—l

: [ aa] e
Hinh 12.9 Tinh todn phéan tich doé tin cay

Ung dung chuong trinh trén ta khao sat anh huéng cac dai lugng ngau nhién
dén do tin cay va kich thudc thigt k&. Giéi han méi c_, anh huéng 16n nhat, vi du
khi céc gia tri hé s bién phan v, 1a 0,01; 0,1 va0,2 thi kich thuéc dudng kinh d
tang dang ké tuong tng 30,7218, 32,6711 va 39,5186 mm va do tin cay giam dan
0,999971; 0,997744 va 0,96327. Do chinh xéc kich thuée it anh huéng dén do tin
cay. Do d6 trong mot 8 bai todn ta c6 thé bo qua su &nh huéng nay.
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K&t qua tinh todn

12.2.2 Tinh truc II
D& tinh toan cho truc I1 ta tién hanh tuong tu. Gia st ta chon truong hop 2
va tai vi tri C (luc F,y va F,, ngugc chiéu).

= Tivied foe v phian tich, troe

THIET K& VA PHAN TiCH TRUC
. THEO B0 TIN CAY

Hinh 12.10

Céc thong s6 nhap vao nhu truc I (chi khac luc F,, tac dung truc ca b truyén

xich): vat lieu chon c6 gigi han méi m,, ; = 255MPa, hé s bién phan v, , = 0,1. Cac

dai lugng ngau nhién la tai trong tdc dung: mp = 434855,4 Nmm, S; = 43485 54

Nmm, mg,; = 1180 N, Sg; = 118 N, myy, = 5160,74 N, Spyz = 516,074 N, myy; = 3280

N, Spa = 328 N. Cac dai luong ngau nhién la kich thuéc my = 150 mm, S, = 2 mm,

m, = 75 mm, S, = Imm, my, = 90 mm, S, = 1,2 mm. Céc dai lugng lién quan giéi han

moi: m, = 0,8, S, = 0,02; my = 1, Sg = 0,02; mg, = 2,5; Sk, = 0,03; my, = 1,1, Sk,
= 0,033. Thiét ké v6i do tin cay R = 0,999.

Két qua tinh toan thiét k& nhu hinh 12.11 v6i d = 42,54 mm.

o Truonghop 2. taivitiC

TRUGNG HOP 2 Fy va Fr; CUNG CHIEU - TAI V] TRi €
Tinh toan thist ke R Tinh toan xexs st

T JusissEd s, SRS g e s & o
E [siéan 5 e F BT s,
P S .
b @ 5 E 1 [l s, i
R o ¥ v, b k) )
e jis s, i g fom
K, 7 5, gt & R
) - o - S — - -

5 24410 281540 M » 111921 3489087

5, (708 weaase {3t

o R L 6 SRR
, (1107 & e armie v, A 4 azsaveees Theit

Hinh 12.11
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Chudng 12
12.3 CHON VA PANH GIA PO TIN CAY O LAN

Theo trinh tu trinh bay trong chuong 8 ta ¢6 thé chon & lan theo do
tin cay cho truéc hoac xac dinh xac suit lam viéc khong hong 6 lan. Ta chon
6 cho truc I va II. DAu tién chon nit 6 lan trén hinh 12.3, sé xudt hién hop
thoai nhu hinh 12.12.

-
CHON & LAN C VA TINH TOAN £ TINCAYR
% Trorg bog 1 W7 Teng hep 2
F, F
A a r { -
e
- = n’.; i &
Frcsg g Truong hop 4
! A,
. . .
i 3 | A Py lll Il 5
[» E s 1
L ‘, !
- rl
- 1 . . : .
1 .Tiﬁp T\:r :I Thoht

Hinh 12.12

Chon nut Truong hop 1 dé chon 6 cho truc I. Nhap cac s6 liéu vao
nhu phan tinh truc, néu tudi tho 1a 8000 h va n = 298 vg/ph va do tin cay 6 R
= 0,99 véi tudi tho nhu trén ta c6 két qua nhu hinh 12.13.

TRUGNG HOP 1 VOI Fy VA F NGUQC CHIEU
Chan o lan € 1 TrhdmemF
D bou rhag v
L. i _— ¥ s,
F, i &, Inaz F, |3 £
F. o % o a 1B s [T |
b [m 5 1 fiw [ |
R P = |
Chaan- i
4 N t |
D dua m |
- ! - |
i
S, b E S, ek 90U
s, Ao S, (Tes @A
&, 4B NEEN & 1161 50 THG
5 o lnureesse o 27106093
e S m247wITaSEE KétOus | Thoat |

Hinh 12.13
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K&t qua tinh todn

Ta thu duge C= 18247,98 N, theo bang tra ta chon 6 306 véi d= 30

Tuong tu ta chon & cho truc 2 véi Ly, = 4000 h, n = 119,2 vg/ph. Két
qua ta c6 C =49308,47 N (hinh 12.14) theo bang ta chon & 408.

L, ox . F, [ S i |
F. s LW T . ] 5 (ow |
oo 5, i , I <

b W S, L]

B £l P2 i3

e o, i i
16t 8, 167 eadiE
165755141

2 72322765

LS E e Ths | K&t Qua Thoat

Hinh 12.14
Vi céc loai 6 vita chon ta tinh todn lai do tin cay cia & khi chon nit
Tinh do tin cay R.

12.4 KET LUAN
Tir két qua tinh toan thiét k& va phan tich trén ta c6 cac két luan:

- St dung chuong trinh RADME thuén tién phan tich va thiét k& mot
s0 két cau may va chi tiét may.

- Phuong phép tinh toan thiét ké xac suat cho ta két qua chinh xac
hon, dam bao chat lugng, do tin cdy va an toan san pham phu thudc
vao su thay doi cac dai lugng ngiu nhién.

- Co tinh vat liéu anh hudng 16n nhat dén dé tin cay hodc kich thudc
thiét k& bo truyén banh ring, do phéan tén tai trong cing anh huéng
16n dén do tin cay hoic kich thuéc thiét ké.

- Su thay d6i cac dai luong kich thugc it anh huéng dén do tin cay va
trong mét sé truong hop cé thé bé qua.

Ta c¢6 thé s dung chuong trinh RADME dé tinh todn thiét k& va phan
tich cum chi tiét may trén co sd dd tin cay: hop téc do, hop gidm toc va cdc hé
théng truyén dong khac cho may..

12.5 BAI TAP
12.1 Tinh todn cac chi tiét banh ring, truc va 6 lan cho hé thong truyén
dong nhu hinh 12.15 véi cdc sé liéu cho trong bang 12.2.
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Chuong 12

_ 4
5
Hinh 12,15

Bang 12.2

Truc
Thing 55 Béng co 1 11 {1
Céng sudt, (kW) 5,95 5.71 5.48 5
Ty s truyén 3,25 2.5 2.5
Mamen xodn, (Nmm} 58701 182988 439044 10010482
So vong quay, (ug/ph) 968 298 119.2 47,7

12.2 Tinh todn cédc chi tiét bdnh rang, truc va 4 lan che hé théng truyén déng

nhu hinh 9.12. Cdc thong s8 ducge xdc dinh tir dd thi sé vbng quay hinh
12.16.

{5-6)
T=73993
=968

) ne=1219, T=568757, u=0,79 (8-7)
T=73992 ]
n,=968

n.=968, T=73993, u=0,79 (8-7)

n, =767, T=93393, u=0,79 (8-7)

n=768 n,=609, T=117610, u=1,58 (10-9
u=126
(1-2) n,=484, T=147985, u=1,58 (10-9,
T=117610
n=609 n,=384, T=186523, u=1,58 (10-9)
u=1,58

Hinh 12.16
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PHU LUC 1

HAM PHAN PHOI CHUAN

’ bl
Gid tri cia ®(z), véi  Pz) = ! Ie_" "24x
var Y
z 00 01 02 03 04 05 06 07 08 .09 J
0 50000 50309 50798 51187 51595 5194 52382 52790 53168 53586
A 53983 54280 54776 55172 55567 55962 56358 56749 57142 57534
2 57926 58317 58706 59095 53483 59871 B0257 G642 61026 B1409
3 £1791 £2172 62552 62930 63307 63683 64058 £4431 64803 65173
4 65542 65910 BE2TE 66640 67003 B7364 67724 6A082 68439 58793
5 69146 59497 69647 70194 70540 70884 71226 71566 71840 72240
5 72575 72907 Ja237 .73565 73891 74215 74537 74857 78175 75430
7 75804 76115 76424 7BT30 77035 77337 77637 77835 78230 78524
8 78814 79103 79389 79673 79955 80234 80510 80785 B1057 B1327
9 81594 81858 8211 82381 82633 82894 83147 83308 53646 B3sm
1.0 | B4134 84375 84614 £4843 85083 85314 85543 B5769 85392 86214
1.1 | .BA433 86650 86864 87076 B7286 87493 87698 B7900 88100 88298
12 | 88493 38688 88877 89065 89251 89435 89616 89796 89973 50147
1.3 | 50320 0490 00658 90824 90998 91149 91309 91486 91621 91774
1.4 | 91824 92073 92220 92384 92507 52647 92785 52922 93056 93189
1.5 {93319 93448 93574 53699 93822 92943 34062 54179 94295 94408
1.6 | 94520 94630 94738 84845 94950 .95053 45154 95254 95352 95449
1.7 | 95543 05637 05728 95818 95907 45994 96080 96164 96246 06327
1.8 | 96407 96485 56562 96638 96712 96784 06856 96925 96895 97062
1.5 | 97128 97183 97257 497320 97381 97444 87500 87558 97615 §7670
20 | 67725 97778 97831 97882 097932 97982 98030 96077 8124 98169
21 | 88214 98257 98300 .98341 98382 984722 98451 98500 085237 08574
22 | 98610 98645 98679 98713 (98745 98778 98800 98840 98870 98899
23 1 .98928 98556 98983 90007 | %0358 | .9%0613 | 90863 | 971108 | .6%13da | 1575
2.4 | 9%1802 Ge024 | 52240 | 92451 92656 | #2857 | o%053 | 9'1oaa | 9Pm3 S3613
25 | g%7s0 3963 | 94132 | 4297 | 9457 | 94614 | 9%756 | 94915 | 95080 | 98201
268 | 51339 95473 | .9%5604 557 975855 | 95975 | ¢%B0%3 | 9%207 | .9%6319 | O7p4nT
27 | 9%533 9’6635 | 9%6738 | .9%833 | .9%6028 | 7072 | 97110 | 197 | 97282 | 97365
28 | 87445 7523 | 97509 | 97673 | .9f77ad | 9'78va | 978E2 | 977948 | %012 58074
29 | 981 8193 | 9%Ba50 | %8305 | 9%8350 | o%8411 | @867 | o8si1 528550 | 478805
3.0 | 9%8850 8694 | 98736 | 9%8777 | 9’8817 | .o%8856 | 978893 | Pm930 | .9°B965 | °ma9g
3.1 .9°0324 90846 _{ 9%0957 | @%1260 | 991553 | oMg3e | %112 | 999378 | 092636 | 99886
3.2 | g9 93363 | 9%3590 | 93810 | 9%024 | 94230 | 94429 | 9%423 | 9%4810 _9%4991
3.3 | 9%5166 9%5335 9’5499 | 95858 | 9%5814 9%5959 | %103 | .9%242 | %36 | 9%505
3.4 | 9%631 J9%752 | .O%BAY | 5%982 [ .9%7091 87197 | 9%7299 | &%ams | #%ram3 | 9'7ses
35 | 97674 97759 | 9%7842 | 97922 | 9%7590 | 9’8074 | .9%mide 98215 | .8%8282 | .9%347
36 | 5409 98469 | 9%8527 | 9%s82 | o%eear | o'wesg | 98739 | 98787 | g9'ag3a %8879
a7 | g'%8o22 5*B964 9'0033 | 9'0426 | g'7on | 941158 | g1spa | s'isag 92153 §*2568
38 | 9'2res .9'3052 9'as27 93503 | 9'3848 | s'aoss | .g%aam 94558 | 9%777 | .9%4088
39 1 9%190 9'5385 | 8%573 | 9'5753 | 9%926 | 9%092 | 9%253 | 9%406 | 9'5554 | 9'6696
4.0 | 9*s833 9'6964 57090 g2 87327 | 97439 | 97546 | 87649 | .9'7748 | o784
41 | 9'7934 9'8022 | 9'8106 | 9'6186 | 9'8263 | 983386 | 9'B408 | 9'8477 | 98542 | 98605
4.2 | g'8865 9723 | o's778 | o%832 | o'ssaz | o9'som | 9'8978 | 9°0225 | .9°0655 51066
4.3 | 51480 91837 | 9°2199 | 92545 | 92876 | .9°3183 | oadov | ofaves | 9v40es | 9odam
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PHU LUC 2
HAM PHAN PHOI STUDENT
Gia trit,. , . N ) )
P [ eeos o o0 Toos oo oot 0ous | 0025 | Goot 00005 |
: w=08 05 02 ;01 o0 D02 0.01 0.005 0 002 0oot_ |
Lol 03 1000 | 3078 | 6344 | 1270c | 31821 | 63857 | 12737 | 31831 | 63662 |
[ 2 7 o9 0616 | 1886 | 2920 | 4303 | 6.065 9.925 14089 | 22327 | 31598 |
’73 c2rr ] ies | 1638 | 2353 [ 382 4541 5.841 7453 10.214 [ 12024
4 271 Fa1 1933 | 2132 | 2778 3747 4604 5.508 7173 8.610
[ 5 | 077 0727 | 1476 ' 2015 ! 2571 3.365 4032 4.773 5,493 6.869
'a 265 718 10 | 1943 | 2447 3143 | 3707 4317 5.208 5859
|7 263 711 | 1145 | 1895 | 2365 2.998 3.499 4.029 4.785 5.408
8 262 706 | 1397 | 1860 | 2.308 2.895 3.355 3833 4,501 5.041
9 261 703 1 1.383 | 1833 | 2260 2 821 3.250 3690 4.297 4781
10 | 0.260 0700 | 1372 | 1.812 | 2228 2.764 3.169 3.581 4144 4587
1 260 £97 | 1363 | 1.796 | 2201 2718 3.106 3497 4,025 4437 |
12 | 258 695 | 1356 | 1782 [ 2179 2 681 3055 3.428 3.930 4.318
| 33 | 258 694 | 1350 [ 1771 | 2160 2650 3012 3372 3.582 4291
C 14 258 £92 : 1345 | 1781 [ 2145 ! 2524 2977 3.3%6 3787 4140
15 10258 | 0691 | 1.341 | 1758 ; 2131 | 2502 2.947 3.286 3.733 1037 |
18 258 690 | 1337 | 1748 | 2120 | 2.683 2971 3252 3686 4015
T 669 | 1333 | 1740 | 2110 | 2567 2.895 3222 3646 3965 |
16 | 257 ;688 | 1.330 | 1734 | 2401 2552 2878 3197 3610 3922 |
19 | 257 688 | 1328 | 1729 | 2093 2539 2 861 3,174 3579 3883
[P0 10257 | UBBT | 1995 1725 | 2086 | 2528 2.845 3153 3562 3850 |
|21 I/ 686 | 1923 | 1721 | 2080 | 2518 2 831 3135 3527 3819
La2 | o6 886 | 1321 | 1717 | 2074 2.508 2819 3119 3505 [ 37m
23 | 2% B85 1319 | 1.714 | 2.089 2.500 2.807 3104 3485 3767 |
24 | 258 B85 [ 118 [ 1711 | 2064 2 492 2797 3.091 3.467 3745 |
25 | 0256 | 0684 | 1316 [ 1708 [ 2060 | 2.485 2.787 3.078 3.450 3725 |
P28 256 684 | 1315 | 1706 | 2056 | 2479 2779 3067 3435 3707 |
c 27 | s 884 | 1314 | 1703 | 2.052 2473 2771 3.057 3421 3.690
28 25 . oea 1313 | 1701 | 2088 . 2467 2763 3.047 3408 3674
29 | 2% 683 | 1311 | 1699 | 2.045 2.462 2.756 3.038 3.396 3.659
30 | 02% 0683 | 1310 | 1697 | 2042 2457 2.750 3.030 3.385 3648
| 40 | 755 881 | 1303 [ 1684 | 2021 2422 2704 2.971 3.307 3.551
B0 | 954 679 | 1296 | 1671 | 2.000 2390 2.660 2.915 3202 | 3460
o120 | 284 ¢ 677 1289 | 1658 | 1.980 2 358 2617 2.860 3.160 1373
w | 251 | 674 | 1282 | 1545 | 1960 7.326 2576 2,807 3000 32w

305



I’huy luc

PHU LUC 3

HAM PHAN PHOI y2

l

]

Gié t«ri Cﬁa X: = X|:n_“, Vclfi =1 —Ff_. = 2'”'3 T Je -!;:th;h ']d){
1 EJI
0.995 0.990 0.975 0.950 0.900 0 750 0.500
n [
: 35270410 ° 1 1657088107 9B206910% | 39321410 | 0.0157908 | 0.0105308 | 0.454936
2 0.0100251 i 00201007 | 00506356 | 0.102587 0210721 | 0578364 | 1.38699
1 0.071/218 0114832 0215792 | 0351846 0584374 | 1.212534 | 2 36597
4 0.206989 0257109 0484419 - 0.710723 10653623 | 1.92256 135669
5 0.411742 I} 554298 0831212, 1145476 | 161031 2 67460 4735146
6 0.675727 D 872080 123734 ; 153538 2 20413 3 45460 534812
7 0.969256 1239043 1.68987 216735 283311 425485 6.34561
B 134441 164650 217973 273264 3.48954 5 07064 7.34412
o | 173493 2.08790 2.70039 3 32511 416516 5.59883 830283
10 2 15586 7.55821 3.24697 1.54530 4.66518 6.73720 9.34182
" 2 60322 3.06348 3.81575 457481 557778 758414 10.3410
12 3.07382 3 57057 4.40379 5.22603 6. 30380 8 43842 11,3403
13 156503 410892 500875 " 539186 7.04150 9.29907 12,3308
14 4.07467 4 66043 5.62873 | 557063 7.78953 101653 133393
BE 460092 5.22635 6.26214 726064 3.54676 11,0365 14,3389
16 5.14221 5.81221 5.09766 795165 531224 119122 15,3385
17 560702 6.40776 756418 | 867176 10.0852 12.7919 16,3382
18 6.26480 7.01491 8 23075 9.39046 10,8649 13.6753 17.3379
W9 | 684397 763273 8.90652 10,1170 11,6508 14,5620 18.3377
70 7 13384 § 76040 9.56078 L 10.8508 12,4426 154518 19,3374
i 21 8.03365 8.59720 10.28293 | 115913 13.2396 16.3444 203372
Voo 864277 9 54249 109823 _ _ 12.3380 140415 17 2396 21.3370
23 5.26043 10 19567 11,6586 13.0905 +4.8480 18,1373 92 3369
24 4 88673 10.8564 124012 13,8484 156587 | 190373 23.3367
Can [ 105197 115240 131197 14,6114 16,4734 19.9393 24.3366
26 | 11,1602 12,1981 13.5439 15 3792 17,2919 20.8434 25.3365
77 | 11.8076 12 8785 145734 16.1514 181139 21.7494 26 3363
28 | 124612 . 135647 15 3075 16.9279 15.9392 22.6572 27.3382
29 131211 14 2565 16.0471 17.7084 19,7677 23.5666 28 3361
30 | 13.7867 14.9535 167908 __ i 18.4927 205932 24,4776 29.3360
40 | 20.7065 22 1643 54,4330 {26.5093 29.0505 336603 | 303383
no | 27.9807 29,7067 32,3574 34 7643 37 6886 42 9421 49.3349
T B0 | 355345 17,4849 40,487 431880 46,4569 57 2938 59.3347
70 | 432752 45 4417 48.7576 51.7393 55.1280 £1.6983 £9.3345
B0 | 811719 53.5401 571532 | 03915 54.2778 71.1445 79.3343
190 591963 61 7541 65 6466 69.1260 73.2011 80.6247 89.3347
100 | 67.3276 70.0649 74.2219 77.9219 £0.3581 50,1332 99.3341

306




Phy lue

u 0250 100 0.050 U025 0.010 0.005 fn.om
|0
i 1.32330 2.70554 3.84145 5.02389 5.53490 7.87944 10828
2 277258 { 4.60517 5.99146 737776 921034 10.5966 13.816
3 4.10834 £ 25130 7.81473 9.34840 11.3449 12,8362 16 266
1 5.38527 ¢ 77944 9.45773 11433 13.2767 14.8603 18.457
5 £.62568 § 23636 110705 2 8325 15.0863 16.7496 20.515
£ | 7 84080 10 6446 12 5916 134494 16.8119 18.5476 22 458
| ? 403715 J12D170 ) 140671 | 16028 18,4753 202777 24.322
5 10 2169 13,3616 15.5073 17 5345 20 0902 21.9550 260125 |
g 113888 14.6837 16.9190 190228 2106660 23,5804 27 877
10 12.5489 15 9872 18.3070 204832 23.2083 25.1882 29588 |
|11 13.7007 17 2750 19.6751 219200 24.7250 28.7568 31.264
| 12 14 8454 15 5493 210261 21 3367 26.2170 28 2995 32.909
|13 15.9839 19.8119 223620 74.7356 27 6862 298195 34528
14 171169 21.0641 23.6848 26.1189 29 142 31.3154 36.123
'}L 18 2451 22.3071 24.9958 17 4884 30.5779 32.8013 37.697
I 15 3582 235418 26,2067 8 8454 31.9999 534 2672 39 252
| 17 204887 24,7640 27 5871 301910 334087 35.7185 40.790
18 216049 259394 208693 41 5264 34.8053 371565 42 312
L . 227178 27.2036 301435 12 8523 36.1909 38.5823 43.820
a0 23827/ 28.4120 31.4104 34 1696 37.5662 35.9988 45.315
| 21 249348 296161 32.6706 36 4789 38.9322 41.4011 46.797
22 26.0393 30.8133 23,9244 36.7807 40.2894 42 7957 48.268
| 23 201413 32.0069 35.1725 38 0756 41.6384 44.1813 49.778
L 25.2412 [ 331962 36.4150 34.3641 42.9798 45.5685 51.179
|25 29,3389 34.3816 37,6525 40 6465 44 3141 46.9279 52618
26 30.1336 355632 36,8851 41.9232 45.6417 48.2899 54.062
|27 i 315284 36 7412 40.1133 43 1944 46.0629 49.6449 55.47
i 3¢ 6204 379159 41.3371 vt 4608 48.2782 50 0934 56 852
Log 337109 39 0875 42 5570 5 7223 495879 52.3356 58301 |
| 30 34 7997 41,256 437730 46.9792 50 8922 53.6720 59.703
| 40 45.6160 51.8051 55.7585 59.3417 3.6907 66.7660 73.402
| 50 56.3336 §3.1671 675048 | 71.4202 76,1539 79.4400 B6.661
50 66 9814 743970 79.0819 832977 88,3794 91.9517 99,607
i 775767 | 865270 90 5312 95 0232 100..215 104 245 1237 |
| 80 £6.1303 56,5782 101.879 105.629 112.329 118..321 124839 |
96 98,6459 107 565 113.145 115,136 124.116 128.909 137,208
100 109.141 118.498 124,342 *29.561 135.807 140..169 149,449

307



10.
11.

12.
13,
14,

15.

TAI LIEU THAM KHAO

Amago T. Response Surface Methodology and Its Application to
Automotive Suspension Designs. Toyota Central R&D Labs, 2000,

Bin Su. Reliability-Based Optinization of Anisotropic Cylinders with
Response Surface Approximation of Axial Buckling Load. Master
Thesis. Mississippi State University, 2001.

Browse J. Probabilistic design. Swinburne University of Technology,
Australia, 2001.

Carter A. D. 8. Mechanical Reliability. John Wiley & Sons. New
York. 1999.

Choi K. K., Youn B.D. The Probabilistic Approaches for Reliability-
Based Design Optimization. University of Iowa, 2002.

Creveling C.M. Tolerance Design. Addison-Wesley, 1997

Crowe D, Finberg A., Design for reliability, CRC Press, 2001.
Devore J. L. Probability and Statistics for Engineering and the
Seiences. Brooks/Cole Publishing Company. 1887,

Dhillon B.S., Design reliability. CRC Press, 1999, John Wiley &
Sons. 2001.

Dieter G. E. Engineering Design. McGraw-Hill. 2000.

Du X. Probabilistic Engineering Design. University of Missouri. 08-
2004,

Du X.,, Chen W. A most probable point-based method for efficient
uncertainty analysis. Design Manufacturing 4-2001. pp. 47-66.
Ebeling C. E. An introduction to Reliability and Maintainnability
Engineering. McGraw-Hill. 1297,

Fowlkes W. Y., Creveling C. M. Engincering Methods for Robust
Design. Addison Wesley. 1997

Gnedenko B. V, Beliaev Iu. K, Xoloviev A. D. Nhimg phuong phap
todn hoc d¢ tin cdy. NXB Khoa hoc k¥ thuat 1981 (Ban dich tif tiéng
Nga nam 1965).



Tai}iév tham khao

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Goldman L., Campbell C. Crystal ball and design for six sigma.
Proceedings of 2004 Winter Simulation Conference, USA, 2004.

Hahn G.T., Kanninen M. F. Fast fracture ang crack arrest. ASTM.
1976.
Hamrock B. .J., Jacobson B., Schmid 8. R. Fundamenials of
Machine Elements. McGraw-Hill. 1999
Harish Agarwal. Reliability-Based Optimization: Formulations and
Methodologies. Doctoral thesis, University of Notre Dam, 2004,
Hattangadi A. A. Failure of plant and machinery. Tata McGraw-Hill.
New Deihi, 2004. :
Hou G. J.-H. A most probable point-based method for reliability
analysis, sensitivity analysis and design optimization. NASA/CR-2004-
213002, 2004.
Hou G. J.-H., Gumbert C.R, Newman P. A. A most probable point-
bused method for reliability analysis, sensitivity analysis and design
optunization. 9" ASCE  Speciality Conference on Probabilistic
Mechanies and Structural Relinhility, 2004,
Huibin Liu, Wei Chen, Agus Sudjianto. Probalistic sensitivity
analysis methods for design under uncert(‘xinty. ATAA, 2001.
Juvinall R. C, Marshek K. M. Fundaementals of machine component
design. John Wiley & Sons, 2003.
Kapur K. C., Lamberson L. R. Reliability in Engineering Design.
John Wiley & Sons. 1977. _
Kaymaz Irfan, McMahon Chris, Meng Xianyi. Reliability-Based
Structural Optimization Using The Response Surface Method and
Montc Carlo Simulation. 8" International Machine design and
Production Conference, Ankara, 1998,
Khamanda G., El-Hami A., Makhloufi A., Bakir M., Alakla A.
Probabilistic distribution variability — based optimum design. 2004,
Kreiner J. H., Putcha C. 8. A computer aided technique for shaft
design through Monte Carlo simulation. Computer & Structure Vol.
52. pp. 367-372.
Mackaldener M. Tooth Interior fatigue fracture and robustness of
gears. Ph.D thesis. Royal Institute of Technology, Stockholm, Sweden,
2002.
Mott R. L. Machine Elements in Mechanical Design. Prentice-Hall
Inc. 1999,
Nguyén Hitu Loc, D§ tin cdy trong thiéi ké ky thudt, NXB DH Quée
gia TP Hé Chi Minh, 2002.

309



Tai liéu tham khao

32.

33.

34.

35.

36.

37.

38.

40.

41.

42,

43.

44,

46.
47.
48,

Nguyén Hiu Léc, Co sc thiét ké mdy, NXB BH Qubc gia TP Ho Chi Minh,
2004.

Nguyén Hiru Lic, Phdn tich va thiét ké chi tiét mdy bing phuong phdp
tim diém xdec sudt lon nhdt va moémen thich hop. Ky yéu HNKH
trugng DPHBK TP HS Chi Minh 1an 9, 2005.

Nguvén Hiu Loc, Reliability-based design and robust design of
machine elements. The 2003 international symposium on advanced
engineering, Pusan, Korea, 2003.

Nam Ho Kim. Design apiimization. The CRC handbook of
Mechanical engineering. 2004.

Nowak A. 8., Collins K. R. Reliability of Structures. McGraw-Hill.
2000,

Padmanabhan D, Agarwal H., Renaud J. E., Batill 8. M. Monte
Carlo  Simulation in  Reliability-Based  Optimization  Using
Approximation Concepis. Proceedings of the Fourth International
Symposium on Uncertainty Modeling and Analysis, 2003.

Pennel J. A., Gear Reliability, A servey of the current state of the
art British Gear Association, 1989,

9. Phan Van Khéi. Co sd danh gid do tin cdy. NXB Khea hoe ky thuit.

2001.

Qu X. Reliability ~ based structural optimization using response
surface approximations and probabilistic sufficiency factor. Doctoral
Thesis, University of Florida, 2004,

Qu X.,, Haftka R. T. Reliability-Based Design Optimization Using
Response Surface Approximations, 2002,

Rao 8. S. Reliability- Baesd Design. McGraw-Hill. 1992.

Rao 8. 8., Tjandra Muljadra. Reliability- based design of
automotive transmission systems. Reliability Engineering and System
Safety. 46, 1994, p. 159 — 169.

Shigley J. E., Mischke C. R. Mechanical Engineering Design.
McGraw-Hill. 2001.

. Spotts M. F., Shoup. T. E. Design of Machine Elements. Prentice

Halll. 1998.
Suresh 8. Fatigue of Materials. Cambridge University Press. 1998.
Ullman D. G., The mechanical Design Process, McGraw-Hill, 2003.

Wei Wang, Wu J., Lust R.V. Deterministic design, reliability-based
design and robust design. 2001,

310



Tailiéu tham khio

49,

50.

al.
n2.

53.

Wilson C. E. Computer Integrated Machine Design. Prentice Halll.
1997.

Zhang Y. M. Practical reliability-based design of gear pairs, ASME
Journal of Mechanical design, 2003.
Peweros 1.H., Hemam yvawun. Mockea, Mauimnoctpoenne, 1992,

Kawes B.B. w ap, [Mwcwnocmu  swwan: (MamsocTpoeHue
nekoneaua ). Mocksa, Mawnnocrpeenue, 2001,

Pemeros J.H., Ueanos A.C., ®aneeB B.3. Haoesxcnocmu saumin. Mockea,
MawuHocTpoerue, 1988.

n



TS. NGUYEN HOU LOC

THIET KE VA PHAN TiCH HE THONG CO KHi
THEO PO TIN CAY

Chiu trdch nhiém xuit bdn : GS. TS. Té Pang Hai

Bién tdp : Trinh Quang Trung
Sifa bdn in : Poan Thanh Bién
Trinh bay : Hitu Lac

Bia : Ngoc Minh Design

NHA XUAT BAN KHOA HOC VA KY THUAT
70 Tran Hung Pao, Ha Nai

CHI NHANH NHA XUAT BAN KHOA HOC KY THUAT
28, Dong Khdi, Quan I, TP Hb Chi Minh.
PT: 8225062 - 8296628

6C5
78 -39/ KHKT

72-2005/CXB

In 1000 cudn, khd 16x24 cm tai: Cong ty Xuat nhap khdu nganh in TP
Hé Chi Minh,

S6 gidy phép: 72-2005/CXB ¢dp ngay: 7/11/2005.

In xong va ndp luu chidu: thang 01/2006.



Téac gi4 sach “Thiét ké va phan tich hé théng co khi theo dé tin cay”,
TS. Nguyén Hiiu Léc, dang céng tac taibd mén Thiét KE may, Trudng Dai
hoc Bach khoa TP H& ChiMinh. s

Né6i dung sach trinh bay vé mét trong nhiing van dé cod ban cla
phuang phap thiét ké xac sudt la thiét ké trén co sé do tin cay. Phuong
phap nay xét dén dac tinh ngau nhién cac dai lugng thiét ké véi muc dich
nang cao dé tincdy, an toan va chatlugng cho san pham.

Sach bao gém 12 chuadng:

Chuodng 1Téng quan

Chuodng 2 Ham phan phéi cac dailugng ngau nhién

Chuong 3 Cac dailugng ngdu nhién trong thiétké

Chuong 4 Ham sé clia cac dai lugng ngau nhién

Chudng 5 Phan tich va thiét ké theo do tin cay bang cac phuong phap

xap xi
Chuong 6 Phan tich theo db tin cay béng phuong phap moé phdng va
bé matdap ting

Chuong 7 Thiétké va phan tich kétcautheo do tin cay

Chuong 8 Cad s6 phan tich va thiétké chitiét may theo do tin cay

Chudng 9 Phan tich may thanh hé théng

Chudng 10Phan tich va phan ph&idé tin cay hé thong

Chuigng 11 Thiét ké t8i uu theo dé tin cay

Chuong 12 Chuong trinh tinh toan thiét k& va phan tich hé théng co

; khitheo do tin cay(Radme)

Sach phuc vu cho cong tac dao tao va nghién ctiu cho sinh vién cac

nganh ky thuat, hoc vién cao hoc, can b gidng day va nghién ctiu.

[

Gia: 35.000 dong




	THIẾT KẾ VÀ PHÂN TÍCH HỆ THỐNG CƠ KHÍ THEO ĐỘ TIN CẬY
	MỤC LỤC
	CHƯƠNG 1. TỔNG QUAN
	CHƯƠNG 2. HÀM PHÂN PHỐI CÁC ĐẠI LƯỢNG NGẪU NHIÊN
	CHƯƠNG 3. CÁC ĐẠI LƯỢNG NGẪU NHIEENTRONG TINH TOÁN
	CHƯƠNG 4. HÀM SỐ CỦA CÁC ĐẠI LƯỢNG NGẪU NHIÊN
	CHƯƠNG 5. THIẾT KẾ VÀ PHÂN TÍCH THEO ĐỘTIN CẬY BẰNG PHƯƠNG PHÁP PHÂN TÍCH XẤP XỈ
	CHƯƠNG 6. PHÂN TÍCH THEO ĐỘ TIN CẬY BẰNG PHƯƠNG PHÁP MÔ PHỎNG VÀ BỀ MẶT ĐÁP ỨNG
	CHƯƠNG 7. THIẾT KẾ VÀ PHÂN TÍCH KẾT CẤU THEO ĐỘ TIN CẬY
	CHƯƠNG 8. CƠ SỞ PHÂN TÍCH VÀ THIẾT KẾ CHI TIẾT MÁY THEO ĐỘ TIN CẬY
	CHƯƠNG 9. PHÂN TÍCH MÁY THÀNH HỆ THỐNG
	CHƯƠNG 10. PHÂN TÍCH VÀ PHÂN PHÓI ĐỘ TIN CẬY HỆ THỐNG
	CHƯƠNG 11. THIẾT KẾ TỐI ƯU THEO ĐỘ TIN CẬY
	CHƯƠNG 12. CHƯƠNG TRÌNH TÍNH TOÁN THIẾT KẾ VÀ PHÂN TÍCH HỆ THỐNG CƠ KHÍ THEO ĐỘ TIN CẬY
	TÀI LIỆU THAM KHẢO



