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Tom tat

Trong nghién ctru nay phdn mém ANSYS sé duoc st dung dé gidi bai toan téi wu héa két cau cho may
CNC ba truc AXZ. Muc tiéu ctuia bai toan la thu dwoc mot két cdu cé du dé cing vikng véi khéi long nhé
nhét. Ttr mét mé hinh so bé duoc thiét ké trén co sé so dd bé tri may, két cdu sé duoc thiét ké lai bang
céch bé di phan vét liéu thira tai céc vi tri chiu (g suét nhé. Két cdu maéi sé duroc phén tich dé danh gié vé
do clng va doé bén, gié tri (g suét Ién nhét nam trong giéi han cho phép. N6i cach khac Ia két cadu may
dam bédo dé ciing vitng, ddm bao do bén, tiét kiém vat liéu va tinh céng nghé nhét. Do déc diém may chju
tai trong nhd, nghién ctru nay chi gi6i han trong viéc phan tich tac déng cia tai trong tinh. Két cdu khung
may da duoc ché tao, may da duoc lap réap hoan thién va thir nghiém trong diéu kién lam viéc. Méy dat
duoc cong suét thiét ké, dam bdo do ciing viing véi trong luong téi wu.

T khoa: May CNC, tdi wu héa, két cau
Abstract

In this study ANSYS software will be used to optimize structure of a CNC 3-axis machine. The objective of
this study is to gain the optimal structure for the machine with sufficient stiffness and minimal weight. The
structure then will be redesigned by removing irrelavant material at low-stress areas. Stiffness and strength
of the new structure will be analyzed to guarantee the qualified 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. Giéi thiéu

Tbi wu hoa két cdu 1a mot bai toan duoc dit ra
v6i bat ky mot thiét ké may nao. Boi vi viée tdi uu
hoa két cau khong chi lién quan dén viéc giam chi phi
vt lidu, chi phi gia cong ma con anh huong dén kh01
luong may, thim my ciia may, tham chi 1a cong suét
ctia may. Theo d6 14 rat nhiéu cac chi phi khac s& bi
anh huong nhu chi phi cho bé mdy, chi phi van
chuyen Nhu vay, mot thiét ké may vai két cau duoc
t6i wu s& giup cho viéc giam gi4 thanh, ting thAm my
va tinh canh tranh ciia may. Ngay nay ky thuat CAE -
Computer Aided Engineering dugc timg dung dé giai
hau hét cac bai toan vé ket cau. Véi su tro gitp cia
may tinh, cac bai toan téi uu dugc giai véi chi phi
thdp nhat. Trong nghién ctru nay, k¥ thuat CAE ciing
dugce sir dung dé giai bai toan toi wu héa két cau than
méy phay CNC ba truc AXZ. Phan mém CATIA V5
s€ dugc st dung dé xay dung mo hinh két cau may va
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phan mém ANSYS s€ dugc dung la cong cu dé phan
tich tng sudt, chuyén vi ciia két ciu may.

Nghién ciru vé t6i wu hoa két cdu may da duoc
bét du tir [au. C6 rat nhiéu cong trinh di duoc cong
bd [1-6]. Nghién clru nay s€ tap trung vao viéc Ung
dung phan mém ANSYS dé giai quyét mot truong
hop két cdu may cu thé. Két qua cua nghién ctru la
dua ra mot két cAu than may gon nhe so v6i cac may
cung cong sudt trén thi trudong, tuy nhién két cdu cua
may du do bén, chiu dugce tai sinh ra trong qua trinh
hoat dong ciia may. Thuc té thir nghiém may trong
san xuét da minh ching diéu nay.

2. Tinh toian mé hinh t6i wu bang ANSYS
2.1. Xdc dinh cdc thong sé tii trong

Can cir vao phuong an bd tri thiét b trén than may
dam bao cho may hoat dong ciling nhu thao tac may
dugc thuan loi nhat, hinh dang thiét ké so bo cia
khung may duoc thé hién trén Hinh 1. Cac tai trong
tac dung 1én thin may duoc biéu dién trén Hinh 2,
bao gdm céc tai trong nhu sau:
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- Luc phan b A 14 tai trong do phoi va dd ga
tac dung 1én ban may (Hinh 2). Tai trong A 1a tong
hop cuia trong luc va lyc cit duge tinh trong ché do
cét 1on nhét c6 gia tri twong duong 1 8.3x102 MPA.

- Luyc doc ban may C, D 1a phan lyc do dan
hudng tac dung 1én than may va duogc xac dinh dua
trén ché do cit 16n nhit co gia tri twong duong la
200N.

- Luc vudng goc véi ban may, doc cot E, F 1a
phan luc tadc dung 1én ban may dugc xac dinh dya vao
luc cit va trong lugng cua cum truc Z, hé théng do va
thanh din hudng co gia tri tuong dwong 1a 200N.

- Momen G, H !é phan lyc m6é men do trong
lyc cum truc Z va lyc cdt tac dung 1én than may va co
gia tri tuvong duong 1a 10 Nm.

Tat ca cic tai trong dd bao gdm hé sb an toan.
Véi 1y do 1a luyc cat nho nén cac van dé tai dong
khong dugc phén tich sau, tac gia chi sir dyng hé s6
an toan dé udc lugng yeu t6 nay. Ngoai yéu t6 tng
suét, diéu kién cho chuyén vi 16n nhit cho phép cia
két cAu 14 0,02 mm.

Hinh 1. Hinh déng két cdu than may so bd

2.2. Toi wu héa hinh ding, kich thuéc

Trén co s¢ hinh dang két cdu than may, cdc
thong s tai trong tac dung Ién than may, phan mem
ANSYS duoc st dung dé phan tich mg suit va
chuyén vi.

Bude 1 sé tién hanh t6i uu hoa vé mét’kiclrl thuéde
cua moO hinh. M6 hinh (?Tuqc da duoc thiét ké so bd
(Hinh 1) véi céc thong so6 kich thudc so bd nhu sau:

- Kich thudc ban d5: 1200x100x500, ban nay
deé do chi tiet va u dong.
- Kich thudc 2 cot: 100x100x600, dé cb dinh
cac duong hudng.
- Kich thuéc 4 chan: 50x100x100, dé d& toan
bd khung than may.

Sau khi mé hinh duoc dit cac didu kién tai trong
nhu trén, phan tich chuyén vi va ing suat dugc thuc
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hién dé kiém tra kha nang chiu tai cua két céu so bo.
Sau d6 cac phén vat liéu chiu Gng suit thép duoc luoc
bo nhim tiét kiém vat liéu, don gian hoa két cAu, dat
hinh dang tdi wu. Két cAu méi duoge thiét ké lai béng
phan mém CAD va duogc kiém tra lai bang phan tich
g suét, chuyén vi.

Pé dam bao tinh cong nghé tbi wu, tac gia tién
hanh t&i wu hoa kich thude. Bét dau bing viéc lua
chon hinh dang phoi tiéu chuan cho than may, sau do
sir dung module t6i wu hoa ANSYS MECHANICAL
APDL dé tim ra kich thu6c phdi toi wu. Tir danh sach
kich thudc phoi co san trén thi truong, tac gia chon
kich thudc phu hop cho nghién ctru nay.
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Hinh 2. So db tai trong tac dung 1én két cau than may
3. Két qua va thao luan

Sau khi st dung phan mém ANSYS dé phan tich
chuyén vi cta than may vai tai trong duge dé cap o

trén, két qua cho thdy hai cot than may co sy chuyén
vi 16n nhat (Hinh 3).
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Hinh 3. Phan tich chuyén vi cua két ciu than may

Chuyén vi 16n nhét 1a 0,0073 mm, nhé hon gidi
han chuyen vi cho phép 1a 0,02 mm. Két qua phén
tich tmg sudt ciing cho thiy cac gia tri nay deu nam
trong gidi han cho phép, khu vuc co ung suat thap
nim & phan ban may (Hinh 4). Ung suit 16n tap trung
tai chan hai ¢t than may. Ket qua nay la phu hop vi
tai nhirmg vi tri goc, két cau chiu m6 men uon Ion
nhit. Sy phan bd tmg suit khong déu nay dan dén
mot sO vi tri thira bén, gdy tén vat lidu, chi phi gia
cong va tang khdi lugng may.
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Hinh 4. Phan tich tmg suat cta két cdu than may

Sau khi dat diéu kién dé loai bo nhiing vi tri c¢6
trng sudt thap. Tac gia chon 1a 70%, con s6 nay c6 thé
phai chon lai néu két qua cua cac budc sau khong
thoa man. Két qua duoc thé hién trén Hinh 5. Két qua
nay 1a hop 1y, khi hai cot chiu tai uén thi két ciu hop
¢O tinh chéng udn tét nén phén vat liéu giira cot la
khong can thiét. Phan & goc s& chiu mo men 16n hon
do d6 can nhiéu vat liéu hon. Két cdu chit U phia
dudi ban may co tac dung dé gia cimg cho ban may,
han ché d6 vong.

Lissers S Ep e

Hinh 5. Hinh anh khung may sau khi da lugc bd
nhitng phan t& chiu Gng suat thap

Sau khi lugc bo nhing vi tri ¢6 g suét thap,
két cAu than may dugc thiét ké lai dua theo két qua
t6i wu vat liéu thira. Hinh dang két ciu duoc thé hién
trén Hinh 6.

Hinh 6. M6 hinh than may duoc xay dung lai trén co
két qua toi uu vat liéu

Phén tich chuyén vi va tng suat cia két ciu mai
duoc thuc hiép lai va cho két qua nhu trén Hinh 7 va
Hinh 8. Chuyén vi 16n nhat 1a 0,0106 mm, tuy c6 16n

hon so v&i mo hinh co s¢ nhung gi tri ndy van nam
trong gidi han chuyén vi cho phép ctia khung 13 0,02
mm. Nhu vay, két cdu khung tdi wu thu duoc thoa
mén vé do cimg.

Hinh 7. Phan tich chuyén vi v6i mé hinh khung méay
da duoc toi vu

1. tomemrten TFer Form 3 oot Forrn

Hinh 8. Phan tich (mg sut v6i mo hinh khung may
da duogc t0i vu

Hinh 9, Hinh 10 thé hién sy phan bd tmg suit cua
céc phan tir. Cac phan tir trong két céu so b ban dau
¢6 su phan bd ung xuit kém dong déu hon so voi
thiét két cau da luoc bét vat lidu thira. Két clu sau toi
uu cé sy phan bd ung sudt déu hon, thé hién sy ti wu
trong st dung vét li€u trong Kkét céu, nhiing phz‘in co
(g suét nho da giam di rat nhiéu so véi trude khi tdi
vu. Diéu nay thé hién riang két cdu ban dau co do tdi
vu thép, gy lidng phi vat liéu.

Histogram of Equivalent (von-Mises) Stress |
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Hinh 9. Biéu d6 Histogram cho tng suat trudc tdi uu
cua khung
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Hinh 10. Biéu d6 Histogram cho tng suét sau ti uu
cua khung

Tuy nhién, di v6i mot bai toan thiét ké thi yéu
t6 cong nghé 1a hét strc quan trong, né anh hudng rat
16n dén gia thanh ché tao, ddc biét 1a ddi véi cac san
phém don chiéc. Trén co s& két cdu duoc tdi uu, dic
trung hinh hoc ciia cac thanh thép tiéu chuan va so do
bd tri may, két cdu may dugc thiét ké lai nhu Hinh
11. Trong két cAu nay, tat ca cac dam duoc sir dung
déu 1a cac cac loai thép tiéu chuén sin co trén thi
truong. Két cdu nay tiép tuc dugc phan tich dé chon
duoc loai thép thanh tdi wu nhat st dung cho mdi dim
trong két cu ctia than may.

Hinh 11. Két cu khung may duoc thiét ké lai trén co
s& két qua toi uu co tinh dén yeu t6 cong nghé.

Vén dé tiép theo can thuc hién 1a lua chon kich
thudc phoi két cau tiéu chuan tdi vu. Module ANSYS
MECHANICAL APDL duoc sir dung dé t6i wu kich
thudc phoi tiéu chuén. Trinh tu cac budc thuc hién
trong ANSYS MECHANICAL APDL la: (1) khai
béo ban déu; (2) xay dung mé hinh; (3) sinh luéi; (4)
dat diéu kién bién; (5) tinh toan chuyén vi Gng sut;
(6) Tuu két qua; (7) lua chon va rang budc cac bién;
(8) dua vao két qua tinh toan va rang budc cac bién
dé t6i wu; (9) dua ra két qua.

Céc kich thudc phoi duge dit bién nhu trén Hinh
12. Céc bién nay c6 giéi han trén va giéi han dudi,
cling gié tri budc nhay (step) dé tao cac gia tri rdi rac.

V6i ham muc tiéu 1a éng sudt trén thdn may
khong vuot quéa gidi han cho phép, két qua cudi cung
thu duoc 1a kich thu6e t6i wu cua phoi. Hinh 13 thé
hién mot giai doan trong qua trinh st dung ANSYS

MECHANICAL APDL dé tinh toan kich thudc phoi
toi wu voi phan tir 1a t&r dién cd canh tir 2,5 dén 10
mm.

Dai2 = 100mm
| Day1=2mm = -
1 )
v ) Day s - - 21\
‘ |
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Hinh 12. Cac bién kich thudc phoi va gi4 tri ban dau

Vi duy, véi truong hop thép hop vuong thi gia tri
tdi uu ciia cac bién la: Dayl = 0.9mm, Rongl =
24mm, Dail = 28mm. Dya vao kich thudc phoi tiéu
chuin tac gia chon: Dayl = 1.8mm, Rongl = 30mm,
Dail = 30mm.

" ELEMENTS

Hinh 13. Qua trinh thyc hién trén ANSYS
MECHANICAL APDL

Hinh 14. Khung may dgqc ché tao (mot s6 thanh
thép dugc bo sung dé ga lap vo may)
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Hinh 15. May hoan thién dugc dua vao thir nghiém
4. Két luan

Béng cach 4p dung cac module ciia ANSYS dé
giai quyét bai toan téi wu hoa két cau bang cach lan
luot thyc hién téi wu hoa hinh dang va t6i wru hoa kich
thudce, nghién ciru nay da giai quyét dugc bai toan t6i
vu hoa két cu cho két cau than may phay CNC ba
truc AXZ. Phuong phép két hop tdi vu hoa hinh dang
v6i toi wu hoa kich thude duge st dung trong nghién
ctru nay cho két qua co tinh img dung thyc tién cao.
Phuong phép nay c6 thé dugc ap dung dé giai quyét
nhitng bai toan toi wu hoa két cau phirc tap hon. Tuy
nhién v6i nhitng trrong hop than may lam viéc trong
diéu kién khic nghiét nhu chiu tai trong dong va va
dap thi can phai phan tich k¥ anh nhing tic dong do
dén kha nang chiu moi cta than may.

Két qua phén tich cua nghién ciru ngay da dugc
sir dung dé ché tao mot may CNC 3 truc nhu thé hién
trén Hinh 14, 15. Két qua thir nghiém cho thdy than
mdy dap ing dugc yéu cau lam viée, than may ém, it
rung dong va san pham do  may tao ra dat yéu cau vé
k¥ thuat nhu d¢ bong, do séc nét cua cac gbc canh.

Do han ché vé quy mo dé tai nén tic gia da
khong co dieu kién dé thuc hién cac phuong phap
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kiém nghiém kha ning lam viéc cta thin may mot
cach thau déo hon, chang han nhu sir dung thiét bi do
dd rung, do bién dang than may trong dicéu kién lam
viéc.
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