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1. Pat van dé

Xe motod (xe may) la phuong tién di chuyén duoc sir dung rat pho bién ¢ nudc ta ciing nhu
nhiéu nuéc khac trén thé giéi. Khung xe 1a bo xuong dé gan dong co, cac thiét bi dién, cac chi
tiét... Thém nira, n6 phai di d6 bén, do cang viing dé chiu tai, kha nang giam chan tét, phan b
hop ly va khéi lugng nhe. Ngoai ra, khung xe con 1a yéu té quan trong tao nén kiéu dang xe phu
hop véi muc dich str dung chinh. C6 rat nhiéu loai khung xe nhung theo tiéu chi vat liéu co:
Khung 6ng thép (khung 6ng) duoc cau tao tir cac dng thép (dudng kinh 16n, nho) han truc tiép
vé6i nhau; Khung thép tam (khung thép dép) str dung cac tam thép dap dinh hinh han hozc tan lai
vé6i nhau; Khung két hop dng thép va thép tim; Khung hop kim nhom duoc dac tir vat liéu nhdm.
Khung dng thép duoc sir dung rong réi vi thuan loi cho viéc stra doi, stra chira, thuan loi cho viéc
thiét ké va gia thanh ré. Hién nay c6 nhiéu phuong phéap cét dng thép sir dung trong cong nghiép
nhu cit bang tia nuéc (AWJ) [1], cit bang tia lazer [2], cat plasma [3], cit cua day kim cuong
[4], cit dng thép bang may thay lyc c6 kiéu cat hanh tinh [5] nhung chi cit dugc cac loai ong
thép dau thang, khdng cit dugc dau cong cua khung xe vi phai quay tron phdi twong déi véi dung
cu Cit (dau cat) nén rat kho xac dinh vi tri qué trinh cét tao ra bién dang médi ghép.

Céc loai xe Drem, Wawe, Sirius... khung thudng ¢6 mét éng chinh 45 mm. Tai cac nha may
san xuat thyc hién cat bang thuy lyc dung ludi cit dinh hinh nhung phan dinh vi kep chat bang
bulong dai ¢, cac lat cat khong ddng déu luc nén bién dang hinh thanh chinh xac khong cao va
tiéu hao ning luong dién nhiéu do cac may dugc ché tao theo kinh nghiém. Chua c6 mot bai toan
cu thé nao ap dung nham téi uu hoa qua trinh 1am viéc va tiét kiém dién nang. Viéc tinh toan
dong luc hoc, nghién ctu cac ton that nham nang cao hiéu suat may cat éng thép D45 phuc vu
viéc ché tao khung xe 4 rat can thiét. Bai bao nay trinh bay két qua tinh toan xi lanh thay luc dé
tao ra luc ¢t cho may cit dng thép D45. Dé xac dinh duoc cac thong s6 dong luc hoc caa may &p
dung céc cong thire tinh todn co ban vé van d& luc hoc, t6n that hé thong, chon dong co... trong
c4c tai lidu uy tin da xuat ban. Cac kién thirc ly thuyét duoc két hop véi thuc nghiém nham hoan
thién may cat 5ng thép D45, sao cho luc cit cia may tao ra vira du nham thuc hién cac lat cat mot
céch chinh xac. Luc cat qua nho s& khdng thuc hién duoc qua trinh cat. Trai lai, luc cat qua lon s
gay mop dau ong. Hanh trinh cua dao duoc tinh toan phu hop dé tao duogc bién dang chuan, dam
bao cho méi ghép ng co thé han chinh xéc theo yéu cau. Két qua thu duoc cho thiy phuong
phap da ap dung c6 nhiéu vu diém hon so véi mot s6 phuong phap da néu nhu thuc hién gia cong
nhanh, cat dwoc dau cong cua 6ng chinh xac, ché tao don gian, kha nang ap dung tu dong hoa gia
cong dé dang.

2. Nguyén ly 1am viéc ciia may cit 6ng D45

Nguyén ly lam viéc cua may cit 6ng D45 dugc trinh bay trén Hinh 1, dugc x&y dung dya trén
cac nguyen ly vé chuyén dong tuong dbi (Hinh 1). Trén Hinh 1, phdi (ong thép D45) dugc dua vao
dinh vi va kep chat nho mot hé thong thay luc (xi lanh ép), dung cu cit gan véi mot hé théng thay
luc khac (xi lanh cét) thuc hién chuyén dong tinh tién dé hoan thanh va két thic qué trinh gia
cong. Bom 1 hoat dong bom dau thity luc qua cac van 3 va 7 qua bd diéu khién diéu chinh xi
lanh 4 ¢ dinh vat cit 6ng D45, khi d dinh vi kep chit dung vi tri s& dong xi lanh cit 8 ¢c6 mang
dau dao thyc hién hanh trinh cat (dao cit c¢6 hinh dang dinh sin phuc vu cac médi ghép gia cong
tiép theo). Két thic hanh trinh cit dao s& dugc diéu khién ty dong rat hanh trinh tinh tién nguoc
tré lai vi tri ban dau, ddng thoi s& mo bd kep trén xi lanh 4 dé théo chi tiét da duoc gia cong ra
(Hinh 1). Goc a la goc diéu chinh thm ciia dao cit voi thm phoi nham tao ra cac goc do theo yéu
cau ky thuat [6].

Xi lanh ép 4 va xi lanh cit 8 dwoc chon gidng nhau nham déap tng cac van dé lap 1an, thuan
tién diéu chinh &p suit cho céac van. Viéc cb dinh da duoc xac dinh trén bo do ga chuyén ding
nén ta chi can tinh toan, lua chon cho xi lanh cit 8.
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(@ (b)
Hinh 1. My cat ong thép D45: (a) So d6 nguyén Iy may va (b) 4Anh chup may
1. Bom thiy luc; 2. Van tran; 3.7. Van giam ap; 4. Xi lanh ép; 5. Vt cat; 8. Xi lanh cat

3. Tinh toan xy lanh tao luc cat
3.1. Xdc dinh lyc cit
Phuong phap dua vao luc cat don vi va dién tich tiét dién phoi sat, theo [7]:
’ P=pq [N] )
Trong d6: p la luc cat don vi, 1a hang so phu thudc vao vat li¢u gia cong.
q la dién tich tiét dién phoi sat.
Luc cét don vi pco thé biéu dién gé”m dang voi mbi quan h¢ vé dd bén o, cua vat liéu hodc
d6 cting HB cuia vat lidu. Thuc té khi cit voi dao mot ludi cat ta c6, theo [8]:
p = (2,5 - 4,5) 0, ddi véi vat liéu déo.
g =(0,5 — 1) HB dbi véi vat liéu don.
Ap dung cong thirc:
p=(25-45)a, 2)
Véi o, = (380 +490) N/mm, chon o, =450 N/mm.
Thay vao (2) ta dugc: P =(2,5+4,5).450 =1125 =+ 2025N, chon P =2000N

3.2. Tinh toan xi lanh

* Tiét dién cua piston, theo [9]:

P
F = M (3)
Py
Trong d6: B, 1a luc cong tac can thiét h¢ Piston- xi lanh thuy luc phai tao ra.
p,, 1a4p suat lam viéc caa xi lanh.
P 2000
Véi: P =—=5""22000 (N)
Xylanh 1 1
N
P, =16bar=1,6(—)
mm
2000
Thay vao (3) ta duoc: F= ? =1250(mm?)
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* Puong kinh trong cta xi lanh la:

F = 7r—:>D \/7 /125 ~40(mm 4)

* Puong kinh can thiét cia plston.

d
D= « chon K =0,5s 5)
Thay vao (5) ta dugc: d =0,5.40 = 20(mm)

* Luu luong lam viéc cta xi lanh, theo [7]:
Qxl Fpt Vc (6)
Trong d6: V, 1a van téc dau dao khi & hanh trinh cat. Véi luc cat P = 2000(N) < 20(MN)nén
=(5-+100)mm/s chon V, =50mm/s
F,, latiét dign piston, F, =1250(mm)

Thay vao (6) ta dwoc: Q 4 =1250.50 = 62500(mm°/s) = 0,0625 (dm/s) = 3,75(lit/phit)
* Cong sudt cat cia may: N =Py (N) @)
Trong d6: P 1a luc dé cat éng thép P = 2000(N)

V & van toc khi & hanh trinh cat (m/s), v =50(mm/s) = 0,05(m/s)
Thay vao (7) ta dugc: N =2000*0,05 = 100(W) =0,1(KW)
* Tinh so bd chiéu dai than xi lanh (Hinh 2)
Xéc dinh so bd chiéu dai xi lanh tao lyc cat: . Trong qua trinh cat do chiu phan luc cit nén van
toc cit thay d6i giy va dap cho may, vi vay can phai giam chan cho dao cét. i véi hé thong
dung xi lanh thuy luc, nguoi ta giam chan bang cach tao mét 16p dau con lai trong xi lanh ¢ dau
hanh trinh ciing nhu cudi hanh trinh caa piston, nhd su bién dang dan hoi cua I16p dau nay s&
khong 1am thay d6i dot ngot vé luc ciing nhu van tc cua can piston. Chon chiéu day cua I6p dau
ma khi thiét ké xi lanh dé giam chan cho hanh trinh piston cat va rdt dao Ia h, = h, = 25(mm) [10].
L

s
s A
N
h2| | H c o |t

(@ (b)
Hinh 2. Xy lanh thiy liec: (a) So do kich thude xi lanh va (b) Anh chup thiét bi

Do d6, tong chiéu dai xilanh duoc tinh:
L=H+h +h,+cC (8)
Trong d6: H la hanh trinh ciia dao cét, chon H = 60(mm)
C la chiéu day piston, chon ¢ = 40(mm)
Thay vao (8) ta dugc: L =60 +25 + 25 + 40 = 150(mm)
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4. Tinh cAc ton thét trong hé thong
4.1. Tén thit dp suit trén hé thong

Ton that ap suat 1a su giam ap suét do stc can trén duong di cua dau tir bom dén co cau chap
hanh (xi lanh thuy luc). Suc can nay chu yeu duoc hinh thanh do chiéu dai ong dan, sy thay doi
tict dién ong dan, thay doi huéng chuyén dong ciing nhu sy thay doi cua van toc chuyen dong va
do nhat cua dau gay nén. Vi vay ton that &p suat cé thé xay ra ¢ nhiéu bd phan trong hé thong
thuy lyc.

Goi P, la &p suit bom cung cip vao hé théng, p, I &p suat do tai bung cong tac cia co cau
chap hanh, thi ton that 4p suat hé thong duoc biéu thi & dang hiéu suat » [7]:

- V|
p=Po—P_ZP (©)
Po Po
Xeét vé mat két cau cua hé thong thuy luc thi ton that ap suat cé thé quy ve hai dang:
* Ton that 4p suat qua van Ap,
Bang thuc nghiém ton that ap suat ta ¢6 [7]:
+ Ton that &p suat qua van dao chieu: 2 (KG/cm?)
+T0n that ap suat qua van an toan: 2‘(KG/cm2)
+ Ton that ap suat qua van tiet luu dieu chinh: 3 (KG/cm?)
~+Ton that ap suat qua van giam ap: 3 (KG/cm?)
Tong ton that 4p suat trong van sé la:
Ap, =2+2+3+3=10(KG/cnf) = 10(bar)= 1(N/mnf )
* Ton that 4p suét trong 6ng dan Ap,

_ Ton that &p suét trong ong dan c6 ton that duong dai va ton that cuc bo. Xét vé chieu dai ong
dan trong h¢ thong thuy luc cua may c6 the coi la kha ngan nén ta c6 thé bo qua ton that ap suat
do chi¢u dai ong. D¢ don gian trong qua trinh thict k&, co the lay gia tri ton that ap suat cuc bo
trong ong dan theo cong thirc sau day [7]:

Ap, =0,05.p, (10)

Trong d6: p, & &p suét ciia co cau chap hanh. p, = p  =16(KG/em %)
X

Thay vao (10) ta duoc: 4p, =0,05.16=0,8 (KG/cm*) = 0,785 (bar)

Tong tdn tht ap suét trong hé théng: 4p=10+0,8=10,8 (KG/cm?) =10,8 (bar)
Ta c6, hiéu suit co khi:

N = % .100% =67,5%
ck 16

4.2. Tén thit thé tich trén h¢ thong
Tén that thé tich trong hé thdng thay lyc duoc tinh theo cong thirc sau [7]:

Say =odp < [Ty ] (11)
Trong d6: o |4 tri s6 ton that thé tich (cm?s)
o0=0,+0,+0, (12)

o, latri s ton that thé tich ddi véi bom, ¢,=0,6.10"° (cm?s).

o, la trj s6 ton that thé tich d6i véi van dao chiéu, ¢,=0,25.10"° (cm?s).
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a4 1 tri s6 t6n thét thé tich ddi véi xilanh, o, = 0,015 (cm¥s).
Va dp 1a Ton that &p suat trén hé thong:
‘ o [{119 = Apy + Apy + Aps + Apy + Aps + Aps ] (13)
Bang th}rc nghiém ton that thé tich ‘trén hé thong ta co [7]:
Ap, la ton that ap suat cua bo loc dau, 4p, =1,5 bar
Ap, 12 ton that &p suat cua bo van tran, 4p, = 2,5 bar
Ap, 12 ton that 4p sut cua van tiét luu diéu chinh duoc, Ap, = 4 bar.
Ap, 12 ton that ap suat cia van dao chiéu, 4p, = 2 bar
Ap, 1A ton that &p suét cua van 1 chiéu, Ap, =1,5bar.
Apg 12 ton that &p suét trén duong 6ng dan dau, Ap, = 4,35 bar.
>q, =(0,6+0,025+0,015/10°(1,5+2,5+4+2+1,5+4,35)
~10,144*10° (I/phY [Zq | = 0.5(1/ph]
Ta co, hiéu suét thé tich:

=100 —0’—55.100 =86,7%

U,

5. Tinh toan lya chon céc thong so ciia bom

5.1. Cong sudt can thiét ciia dpng co dién lam quay bom dau

Net™" (14)

V6i: 7 l1a hiéu suat ciia bom dau,
n=y,n,=67.586,7=585225%

100

" 58,5225

Do vay can phai chon dong co dung dé quay bom dau thich hop vira dam bao du céng suat
cho yéu ciu cua qua trinh cat, vira phai c6 tinh ning lam viéc phd hop véi yéu cau truyén dong
cho bom, phit hop v&i méi truong bén ngoai, van hanh duoc an toan va on dinh. Hon nira, chon
cong suat dong co phai phi hop dé dam bao tinh kinh té, ha gia thanh cua san pham, ting hiéu
sut ciia dong co va két cau khong cong kénh.

Tu nhitng yéu cau can thiét dat ra, can chon dong co c6 cong suat: N, > N_,. Do vay, chon
loai dong co ddng bo, che kin, c6 quat gi6 loai DK42-4 ¢6 cong suat 1,75 kw, s6 vong quay 1000
(v/ph).

5.2. Chon bom diu cho hé thong

Thay vao (14) ta dugc: =170,8(W) = 1,708(KW)

Ton that cua hé thong la: X gy = 0,5(1/ph)
Luu lugng can thiét cho xilanh kep chit: Q,, =Q, = 3,75(I/ph
Luu Iugng can thiét bom phai cung cap cho hé théng la:
Q, =2.Q, +0,5=2.3,75+0,5=8(l/ph
Ap suat can thiét bom phai cung cap:
P, = Py +4p =16 +10,8 = 26,8(bar)
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Hé thong thity luc dau ép thuong dang loai bom thé tich dé bién d6i ning lugng bing céch
thay ddi thé tich budng lam viéc (khi thé tich budng lam viéc ting, bom hut dau va khi thé tich
budng 1am viéc giam, bom nén dau). Néu trén duong, dau bi day ra, ta dat mot vat can, dau bi
chan s& tao nén mot ap suét nhat dinh phy thude vao do 16n cia sic can va két cau cia bom. Tuy
thudc vao lugng dau do bom day ra trong mét chu ky 1am viéc, ta phan biét dugc bom thé tich 6
luu lugng ¢ dinh va diéu chinh dugc.

Bom thé tich c6 ba loai banh ring, piston va canh gat (don, kép) véi nhitng wu nhugc diém
riéng. Bom banh ring c6 han ché 1a khong diéu chinh luu lwong duoc nén tao ra lyc cat khong
déu. Bom piston c6 luu luong khong déng bo, kich thude va cong suét 16n. Bom canh gat don két
thic mot chu ki quay thuc hién dugc mot chu ky day (hat) nén hiéu suat thip, con bom canh gat
kép thuc hién dugc ca hut va day nén tao ra hiéu suat cao, pham vi lam viéc nho diéu chinh mo
rong duoc, két chu don gian, d& ché tao cho &p suat va luu lugng I6n.

Tur cac thong sé tinh toan va phan tich trén, chon loai bom canh gat kep véi ap suat 30 (bar),
luu lwong 10 (I/ph) s& dam bao luu lwong, &4p suat va yéu cau 1am viéc hiéu suat cao nhat.

6. Két luan

- Nghién ctru nay xay dung dugc nguyén Iy (Hinh 1) c6 hé thdng thay lyc dinh vi va kep chat
phuc vu qua trinh cat cua may cit éng thép D45. Bén canh do ciing luan gidi mot s6 tinh nang co
ban khi sir dung may nhu cach thay ddi goc a tao ra cac goc cat khac nhau phu hop yéu cau ky
thuat, bién dang lat cit phu thudc vao bién dang dao, st dung hai xilanh c6 thé tich nhu nhau
nham dam bao tinh lap lan.

- Nghién cttu ndy xac dinh duogc lyc cit, xac dinh cac théng sé cho xilanh cat va kep chat
phoi. Bong thoi ciing chi ra cac ton thit cua hé thdng thily lyc theo hiéu suit co khi va hiéu suat
thé tich dé tir d6 ta c6 cach xac dinh chinh xac cong suat dong co can sir dung cho bom nhim
nang cao tong hiéu suat cho méy cat ong thép D45.

- Két qua nghién cuu c6 thé cung cép dit liéu cong ngh¢ quan trong cho cong tac thiét ké thiét
bi may cét dng thuy luc co duong kinh khac theo yéu cau ngudi st dung.
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