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Tdm tat 

Trong nghien cuv nay phan mim ANSYS se dagc so dung de giai bai toan toi au hoa kit ciu cho may 
CNC ba true AXZ. Muc tieu cua bai toan la thu doge mgt kit ciu co du do cung vang vai khii lagng nhd 
nhat To mgt mo hinh sa bo dagc thiet ki tren ca sa so dd bi tri may, kit ciu se dagc thiit ki lai bing 
each bo di phin vat lieu thoa tai cac vj tri chiu img suit nho. Ket ciu mai se dagc phan tich de danh gia vi 
dQ cimg va do bin, gia tn ong suit lan nhat nim trong giOl ban cho phep. Noi each khac ta kit cau may 
dam bao do cang vong, dam bao do bin, tiit kiem vat lieu va tinh cong nghe nhit. Do dac diim may chiu 
til trong nho. nghien cau nay chi giai han trong viec phan tich tac dong cua tai tmng tTnh. Kit ciu khung 
m^y da dagc che tao, may da dagc lip rap hoan thien va tho nghiem trong diiu kien lam viec. ft/lay dat 
dugc cong suit thiit ki, dam bao do cQng vu'ng vai trgng logng til ou. 

Ttr kiida' May CNC, tdi u'u hda, kit cau 

Abstract 

In this study ANSYS software will be used to optimize structure of a CNC 3-axls machine. The objective of 
this study is to gam the optimal structure for the machine with sufficient stiffness and minimal weight The 
structure then will be redesigned by removing irrelevant material at low-stress areas. Stiffness and strength 
of the new structure will be analyzed to guarantee the qualiffed function of the structure with lowest cost of 
material. This study only focuses on static loads because of the working characteristic of the designed 
machine. The optimized structure has been manufactured and the machine has been assembled and tested 
under working conditions. The machine has good enough stiffness and lightweight. 
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1. Gidi thieu 

Tdi uu hda ket cau la radt bdi toan duoc dat ra 
v6i bat ky mdt thiet ke rady nao. Bdi vi viec tdi uu 
hoa ket can khdng chi hen quan den viec giam chi phi 
vat lieu, chi phi gia cdng md con dnh hudng den khdi 
luong mdy, thdra my ciia raay, thdra chi la cdng sudt 
cua may. Theo dd Id rdt nhieu cdc chi phi khac se bi 
anh hudng nhu chi phi cho be mdy, cht phi van 
chuyen... Nhu vay, mdt thidt ke may vdi ket cdu dugc 
toi im se giup cho viec giara gia thanh, tang thara my 
va tinh canh ttanh cua rady. Ngay nay ky thuat CAE -
Computer Aided Engineering dugc ung dung de giai 
hau het cac bai toan vg kdt cdu, Vgi sy trg giiip ciia 
may tinh, cdc bai toan tdi uu dugc gidi vgi chi phi 
Ihap nhat. Trong nghien cuu nay, ky thudt CAE cung 
duoc su dung de gidi bai toan tdi uu hda ket cau thdn 
may phay CNC ba true AXZ, Phdn mdrn CATIA V5 
se dugc sii dung de xdy dyng rad hinh ket cdu rady va 
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phdn mera ANSYS se dugc dung la cdng cu dg phan 
tich ung suat, chuyen vi cua kgt can may. 

Nghien cuu ve tdi tra hda ket can mdy da dugc 
bat ddu tu ldu. Co rdt nhieu cong ttinh da dugc cdng 
bd [1-6], Nghien cihi nay se tap trung vao vigc img 
dung phdn mdm ANSYS de gidi quyet radt trudng 
hgp ket eau may cu the. Ket qud cua nghien ciru Id 
dua ra ragt kdt cdu thdn may ggn nhe so vdi cac rady 
Cling cdng sudt tren thi trudng, tuy nhign ket cau ciia 
rady dli do bdn, chiu duoc tai sinh ra trong qud trinh 
boat ddng cua raay, Thyc te thu nghiem rady trong 
sdn xudt da minh chung dieu nay. 

2. Tinh toan mo hinh tdi UTI bang ANSYS 

2.1. Xdc dinh cdc thong so tdi trgng 

Can cu vdo phuang dn bd tti thidt bi tren than rady 
dam bdo cho may boat dgng cung nhu thao tac rady 
dugc thuan lgi nhdt, hinh dang tbiet ke so bg cua 
khung raay duoc th6 hien tren Hinh 1. Cac tdi trong 
tac dung lgn than mdy duoc bieu dien trgn Hinh 2, 
bao gdra cdc lai ttgng nhu sau. 
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Luc phan bo A la tdi ttgng do phdi va dd gd 
tac dung len ban may (Hrah 2). Tai ttgng A la tdng 
hgp cua b;gng lyc va lyc cdt dugc tinh trong chg dp 
cat ldn nhat cd gia tri ttrcmg duang la 8.3x10"- MPA. 

Lyc dgc ban may C, D la pban luc do ddn 
huong tac dung ldn thdn may va dugc xac dmh dya 
tten che dd cat Idn nhdt cd gia tri tuong duong la 
200N. 

- Lyc vudng gdc vdi ban rady, dgc cdt E, F ia 
phdn lyc tdc dung len ban mdy duac xac dinh dya vao 
lyc cat va ttgng lugng ciia cum true Z, he thdng da vd 
thanh dan hudng cd gid tri raong duong la 200N. 

Moraen G, H la phdn lyc rad raen do trong 
lyc cyra true Z vd iyc cat tdc dung ien than may va cd 
gia tri tucmg duang Id 10 Nra. 

Tat cd cdc tdi trgng da bao gdm hg sd an toan. 
Vdi ly do Id lyc cat nhd nen cdc van de tai ddng 
khdng dugc phdn tich sdu, tac gid chi su dung he sd 
an toan de udc lugng yeu to nay. Ngoai yeu td iing 
suat, dieu kien cho chuyen vi ldn nhat cho phep cua 
ket can la 0,02 mm. 

Hinh 1. Hinh dang ket can than rady so bd 

2.2. Toi uu hda hinh ddng, kich thu&c 

Trgn CO sd hinh ddng ket cdu than mdy, cdc 
thdng so tai ttgng tdc dyng len than may, phan mera 
ANSYS dugc sii dung de phdn tich iing sudt vd 
chuyen vi. 

Budc 1 se tien hanh tdi uu hda ve raat kich thudc 
ciia rad hinh. Md hinh dugc da dugc thidt ke so bg 
(Hinh 1) vdi cdc thdng sd kich thudc so bo nhu sau: 

Kich thudc ban dd: 1200x100x500, bdn nay 
de da chi tiet va u ddng. 

- Kich thudc 2 cgt: 100x100x600, dd cd dinh 
cac dudng hudng. 

Kich thudc 4 chdn: 50x100x100, d6 dd toan 
bg khung thdn may, 

Sau khi md hinh dugc dat cac dieu kien tai trgng 
nhu tren, phan tich chuyen vi va iing suat dugc thyc 

hien dg kidra tra kha nang chiu tai cua ket cau sg bo. 
Sau dd cac phdn vat heu cbiu iing sudt thap dutfc luge 
bd nhara tiet kiera vat lieu, don gidn boa ket cau dat 
hinh dang tdi uu, Kdt cdu radi dugc duet ke lai bang 
phdn ttidra CAD va dugc kidm tta lai bdng phan tich 
ling suat, chuyen vi. 

Dg dara bao tmh cdng nghe tdi uu,̂  tac gia tien 
hanh tdi uu hda kich thudc. Bat dau bing viec lua 
chgn hinh ddng phdi tieu chudn cho thdn may, sau do 
sir dung module tdi uu hda ANSYS MECHANICAL 
APDL dg dra ra kich thudc phdi tdi mi. Tu danh sach 
kich thudc phdi cd s5n tren thi trudng, tdc gia chgn 
kich thude phii hgp cho nghien ciiu nay. 

Hinh 2. So dd tai trgng tdc dung len ket edu than raay 

3. Ket qua va thao luan 

Sau khi sir dyng phan mem ANSYS dd phdn rich 
chuyen vi cua than mdy vdi tdi ttgng dugc de cap d 
tren, kgt qua cho thay hai cdt thdn may cd sy chuygn 
vi lan nhdt (Hinh 3). 

Hinh 3. Phdn tich chuyin vi cua kdt cdu dian may 

Chuydn vi ldn nhdt la 0,0073 mm, nhd hon gidi 
ban chuyenv! cho phep la 0,02 ram. Kgt qua phdn 
tich img sudt cung cho thay cac gid tri nay ddu nSm 
trpng giai ban cho phep, khu vuc cd img suit diip 
nara o phdn ban may (Hinh 4), LTng sudt ldn tap trung 
tai chan hai cdt than raay. Kgt qua nay la phii hop vi 
t^i^nhung vi tti gdc, kgt cdu chiu md men u6n ldn 
nhat Su phan bd ung sudt khdng dgu nay ddn ddn 
mpt so V, tn thua ben, gdy ton vdi ligu, chi phi gia 
cong ' a tang khdi lugng rady. ^ 
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Hinh 4. Phan tich iing suat ciia ket cdu thdn mdy 

Sau khi dat dieu kien de loai bd nhiing vi tti cd 
img sudt thdp. Tdc gia chgn la 70%, con so nay cd the 
phai chgn lai neu kdt qua cua cac budc sau khong 
thoa mdn, Kgt qua dugc the hien tren Huih 5. Kdt qua 
nay la hgp ly, khi hai cdt chiu tai udn thi ket eau hgp 
CO tinh chdng udn tdt nen phan vdt lieu giira cgt la 
khdng cdn thiSt. Phan d gdc se chiu md raen Idn hon 
do do cdn nhieu vdt lieu ban. Ket cdu chii U phia 
dudi ban mdy cd tac dyng de gia ciing cho ban may, 
ban chS dfi vong. 

Hinh 5. Hmh anh khung mdy sau khi da luge bd 
nhihig phdn tir chiu iing sudt thap 

Sau khi luge bd nhirng vi tti cd ting sudt thdp, 
ket cau thdn may dugc thidt kd lai dua theo kdt qua 
toi im vdt lieu thira. Hmh dang kgt can dugc the hien 
Iren Hmh 6. 

Hinh 6. Mo hmh thdn mdy dugc xdy dyng lai tren co 
kfit qua tdi uu vdt lieu 

Phdn tich chuygn vi vd iing sudt cua ket cau mdi 
'lu'gfc thyc hien iai va cho kdt qua nhu tten Hinh 7 vd 
Hinh 8. Chuydn vi ldn nhdt la 0,0106 ram, tuy co ldn 

hon so vgi rad hinh co sd nhung gid tri ndy vdn ndra 
ttong gidi ban chuydn vi cho phep ciia khung Id 0,02 
mm. Nhu vdy, kdt c lu khung tdi uu thu duge thda 
man ve do ciing. 

Hinh 7. Phan tt'ch chuyen vi vdi rao hinh khung mdy 
da dugc tdi uu 

Hinh 8. Phdn tich ung suat vdi mo hinh khung rady 
da dugc toi uu 

Hinh 9, Hinh 10 the hien sy phdn bd ung sudt ciia 
cac phan tu, Cac phan tii ttong ket cau so bg ban ddu 
cd sy phan bd iing xudt kem ddng dgu hon so vdi 
thiet kgt cdu da luge bdt vat lieu thira. Kdt can sau tdi 
tm cd sy phan bo ung sudt deu ban, the hien sy tdi iru 
ttong sii dung vdt lieu ttong ket cau, nhQng phan cd 
ung suat nhd da gidra di rdt nhieu so vdi trudc khi tdi 
tra. Dieu nay the hien rang ket cdu ban dau co do tdi 
uu thdp, gay lang phi vdt lieu. 

HM^UKI DF Ei|uiv9l«il (von Mlm) Slmt < ' 

Hinh 9. Bidu dd Histograra cho iing sudt trudc tdi ira 
cua kliung 



Hinh 10, Bieu do Histograra cho ung suat sau tdi uu 
ciia khung 

Tuy nhien, ddi vdi ragt bai toan thiet ke thi ygu 
to cong nghe la hgt sue quan ttgng, nd anh hudng rat 
ldn dgn gid thdnh che tao, dac biet la ddi vdi cac sdn 
phdm don chiec. Tren co sd ket cdu dugc tdi uu, dac 
trung hinh hoc cua cdc thanh thep dgu chuan va so dd 
bd tri may, kgt cdu raay dugc thiet ke lai nhu Hinh 
11, Trong kgt cau nay, tdt cd cdc ddra dugc sir dung 
dgu Id cac cac loai thep tieu chudn san cd tten thi 
trudng, Kgt cau nay ngp tue dugc phdn tich de chgn 
dugc loai thep thanh tdi uu nhdt su dung cho radi dam 
trong ket cdu ciia than may. 

Hinh 11. Kdt cdu khung mdy dugc thigt kg lai tten co 
sd ket qua tdi uu cd tinh den yeu td cdng nghe 

Vdn dd dgp theo can thyc hien la lya chgn kich 
thudc phdi kdt cau tigu chudn tdi uu. Module ANSYS 
MECHANICAL APDL dugc su dung dd tdi uu kich 
thudc phoi tieu chudn. Trinh ty cdc budc thuc hien 
ttong ANSYS MECHANICAL APDL la. (1) khai 
bdo ban ddu, (2) xdy dyng rao hinh; (3) sinh ludi; (4) 
dat didu kien bidn; (5) dnh toan chuyen vi iing sudt; 
(6) lira ki t qua: (7) lua chgn vd rang buoc cdc bien; 
(8) dua vdo kgt qud tinh todn vd rang buoc cdc bien 
de tdi uu; (9) dua ra ket qua, 

Cac kfch thudc phdi dugc dat bien nhu trgn Hinh 
12, Cdc bign nay cd gidi han tren va gidi han dudi, 
cimg gia tn budc nhay (step) de tao cdc gia tn rdi rac. 

Vdi hdra muc tieu Id img sudt tren thdn rady 
khdng vugt qua gidi han cho phep, ket qua cudi cimg 
thu dugc la kich thudc tdi uu cua phdi. Hinh 13 the 
hien mgt giai doan ttong qua trinh sir dyng ANSYS 

MECHANICAL APDL dd tinh toan kicH thudc^phoi 
tdi uu vdi phdn ni la tir dien cd canh tu 2.3 den lu 

Hinh 12. Cdc bign kich thudc phdi va gia tri ban dau 

Vi dy, vdi trudng hop thep hop vudng thi gia trj 

tdi uu cua cac biSn la: Dayl ^ 0.9ram, Rongl^= 

24ram, Dail s 28nnn, Dya vdo kich thudc phdi tieu 

chudn tdc gia chgn: Dayl ^ 

Dail =30mra. 

'- 1.8mm, Rongl = 30mm, 

Hinh 13. Qud trinh diyc hien tten ANSYS 
MECHANICAL APDL 

Hinh 14. Khung may dugc chg tao (mdt sd thanh 
thep dugc bd sung de ga lap v6 rady) 
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Hinh IS. May hoan thien dugc dua vao thu nghiera 

4. K t̂ luan 

Bang cdch dp dung cac module ciia ANSYS de 
giai quyet bai todn tdi uu hda ket cdu bang cdch lan 
lugt thuc hien tdi uu hoa hinh dang va tdi uu hda kich 
thudc, nghien ciiu nay da giat quygt duoc bai todn tdi 
mi hda kgt cau cho ket cau thdn may phay CNC ba 
true AXZ. Phuang phdp ket hgp tdi uu hda hinh dang 
vdi toi tm hda kich thudc dugc su dung trong nghien 
Cliu nay cho kdt qua co tinh ung dyng thyc tidn cao. 
Phuang phdp nay cd the dugc dp dung dg giai quygt 
nhung bdi toan tdi uu hda ket cdu phirc tap han. Tuy 
nhien vdi nhirng trudng hgp thdn rady lara viec trong 
dieu kign khac nghigt nhu chiu tai ttgng ddng va va 
dap thi cdn phdi phdn tich ky anh nhimg tdc ddng dd 
dgn khd nang chiu radi ciia than raay, 

Ket qud phan tich cua nghien cuu ngay da dugc 
sii dung de die tao mdt mdy CNC 3 true nhu thg hien 
tren Hinh 14, 15. Kdt qua thir nghiem cho thdy thdn 
may dap iing dugc yen cdu lam viee, thdn may era, it 
rung ddng va sdn phdra do may tao ra dat yeu cdu ve 
ky thudt nhu do bdng, do sac net ciia cdc gdc canh. 

Do ban che ve quy rad de tai ngn tac gia da 
khfing cd dieu kien dg thyc hien cac phuang phap 

kiem nghiem kha nang lam viec ciia than may mdt 
cdch thau ddo hon, chang ban nhu su dung thigt bi do 
do rung, do bien dang than may trong digu kien lara 
viee. 
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