HOI NGH| KHOA HOC VA CONG NGHE TOAN QUOC VE CO KHi LAN THU V - VCME 2018

Nghién ciru, thiét l‘(é', mo phéng va ché tao bj thay dao tw dong
cia may CNC nhiéu truc

Researching, designing, simulating, and manufacturing automatic knife
changers of multiple-axed CNC machines

Nguyén Xuéan Dat, Nguyén Ngoc Hao, Nguyén Truong Cong Thing,

Nguyén Quang Thanh’, Ngé Kiéu Nhi

PTN Co hoc Ung dung, Pai hoc Bach khoa TPHCM
*Email: nqthanh@hcmut.edu.vn

Tel: +84-838367868; Mobile: 0973 184 199

Tur khoa:

By diéu khién CNC, h¢
thong thay dao tu dong, bd
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Tom tit

May diéu khién CNC ngay cang duoc sir dung rong réi trong cac nha may
cong nghlep, xudng cong nghi¢p & nu’orc ta. Diéu nay giup tang nang suat
cai tién higu qua cong viéc, cai thién miu ma san pham Vi vay, viéc phat
huy hi€u qua s dung, vén hanh va bao dudng may CNC la van de dang
dugc quan tdm. Mudn phat huy hiéu qua su dung cling nhu cai tién may
CNC cho phu hop doi hoi phai co sy hiéu biét sdu sic. Nhu trong qua trinh
van hanh trudc ddy, hau hét mét may chi chay trén mét giao va gia cong
trén cung mot dang san pham néu mudn sir dung nhiéu hon mét loai dao dé
gia cong san pham nhiéu bién dang khac nhau thi qué trinh thay doi giira
cac dao can c6 sy can thigp ctia con ngudi. Vi ly do d6, nhém nghién ctru
dua ra bién phap ché tao hé thong thay dao ty dong cho may CNC dang dao
ding. Két qua tir nghién ctru nay cho thay kha ning tu cha dong trong viéc
thiét ké, ché tao va lép dat hé théng thay dao ty dong tai Viét Nam.
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Abstract

CNC control machines are gradually being widely used in many industrial
factories and workshops in Vietnam. This helps increase productivity,
improving work performance and products’ designs. Therefore, promoting
the effectiveness, operation, and maintenance of CNC machines is attracting
particularly significant attention. Promoting the effectiveness as well as
improving CNC machines accordingly requires much profound knowledge.
As in previous operating process, it is likely that one machine only runs on a
single cutting tool and processes the same product model. If we want to use
more than one type of cutting toolto process products of different patterns,
the changing process among knives requires human’s intervention. Because
of this, the research team has figured out methods for manufacturing
automatic knife changing systems for CNC vertical machines. The findings
show the initiative possibility in designing, manufacturing, and assembling
automatic cutting tool changing systems in Vietnam.
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1. GIOI THIEU VE HE THONG THAY DAO TU PONG

Mot trong nhiing thanh tyu 16n cua tién bo khoa hoc ki thuat 1a tu dong hoa san xuat.
Trong ddy chuyén san xuét linh hoat thi may diéu khién s6 CNC dong mot vai trd rat quan trong.
Méy CNC cho phép giam khdi lugng gia cong chi tiét, nang cao do chinh xdc gia cong va hi¢u
qua kinh té, dong thoi ciing rit ngin duoc chu ky san xuat. Chinh vi v@y hién nay nhiéu nuéc di
va dang ung dung rong rai cac may CNC vao qua trinh san xuét. O Viét Nam ciing vay, cac may
CNC dang dugc sir dung rong rii dé ché tao cac chi tiét co khi dic biét 1a ché tao cac khuon miu
chinh xac. Ngoai ra may CNC con dugc sir dung phd bién trong nghién ctru khoa hoc, dao tao
dai hoc, hoc nghé & cac truong ki thuat. Trude nhirng doi hoi cua thyc té khi yéu cau vé chat
lwong va s lugng khi gia cong. Nhidu may CNC di nang cap nhiing hé thong dé dat duoc hiéu
qua gia cong cao hon. Mot trong nhiing hé thng duoc sir ‘dung do la b6 thay dao ty dong. Thong
thu:(mg, qué trinh gia cong céc chi tiét duoc thyc hién tuan ty bang nhiéu cong doan khac nhau,
moi mdt nguyén cong s€ dugc sur dung mdt loai dao ma tai d6 miii dao la t6i wu nhit voi san
phim gia cong. Do do, trén thiét bi ty dong hoa yéu cau dung cu tuong tng di duoc lip va diéu
chinh sin trong cac dai dao. Viéc g4 dit dung cu vao bo phan cong tac cua may co thé thyuc hién
bang tay hodc thay thé ty dong. Tuy nhién, khi thay thé bang tay, qua trinh diéu chinh va lap dat
dung cu phu nhu chudi con, dai dao dugc t1en hanh tryc tiép trén may, diéu nay tén nhiéu thoi
gian va doi khi gdy ra nhitng sai sot, sai s khong dang c6 trong qua trinh gia cong san pham.
Con khi thay thé bang phuong phap tu dong, viée diéu chinh va lip dit dung cu phu duoc tién
hanh bén ngoai may trudc khi ldp vao may nhd cac dung cu chuyén ding, phuong phip nay
ding phé bién trén cac may diéu khién s6 CNC, bao gdm cac giai doan chinh nhu liwa chon céc
dung cu phu hop, dong thoi lap rap, diéu chinh kich thudc dung cu phuy trén cac thiét bi chuyén
dung. Budc cubdi cung 1 thay thé va kep tu dong va dua n6 vé dai dao [1-6].

Tam quan trong va loi ich ciia b thay dao tu dong cho may CNC Ia kha hiéu qua. Bo thay
dao ty dong cho may CNC s& lam cho qua trinh gia cong san phim 14 qué trinh hoan toan khép
kin khong can t6i su can thi€p cua con ngudi. Tranh dugc mot s6 rui ro an toan. Ngoai ra, b
phan thay dao ty dong s& han ché dugc nhiing sai s6 khong can thiét trong gia cong do tac dong
bén ngoai gdy ra. Pong thoi bd phan nay s& giap tiét kiém thoi gian hon nita ngudi van hanh
khong phai ban tay cho viéc thay dao trong mét s6 nguyén cong phure tap va dao s& duoc ga chat
va dai dao trén may CNC. Viéc lam nay rat ngin dugc thoi gian gia cong va ting hiéu suit qua
trinh san xuét.

Hinh 1. B thay dao dang ban ngang

Muc~tiéu C}ia nghién ctru nay la l}g:a chon thiét ké duoc hé théng thay dao tu dong cho may
CNC c6 san, ché tao thanh cong hé thong thay dao tu dong cho may CNC va van hanh m6 hinh
trong thuc té.
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2.CO SO LY THUYET THIET KE HE THONG THAY DAO TU PONG
2.1. Cac thong s ciia h¢ thong ky thuat ciia hé thong
2.1.1. Théng sé ciia khung mdy va truc chinh
Céc thong sd ciia may CCN dé thiét ké hé thdng thay dao ty dong:
Bang 1. Thong so khung may

Théng sb Chiéu dai (mm)

Chiéu cao 1390
Chiéu ngang 1800

Chiéu rong 1100

Bang 2. Thong s6 dong co truc chinh

Pong co truc [ en Hiéu dién Cwong do £ S6 vong quay
chinh Ki higu thé dong dien | KPOTIWONE | o hat
Spindle 1.5kW ZHEN YU ¢ 80*190 220V 4A 4kg 24000rpm
Hinh 2. Spindle truc chinh
Bang 3. Thong sd truc vitme

Truc X Y V4

Puong kinh (mm) 25 16 16

Budc ren (mm) 5 4 4

2.1.2. Théng sé ciia bj thay dao tw djng

B¢ thay dao sir dung spindle NR50-5100 ATC-RS dfmg’dé thay dao. Spindle NR50-5100
ATC-RS dugc gan truc ti€p voi spindle truc chinh va c6 cung toc do véi spindle truc chinh.

Hinh 3. Spindle thay dao duoc gin véi dong co truc chinh
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Bing 4. Thong s6 dong co spindle thay dao

Kihigu | Duong | g | Cwong |6 S5 vong quay 16m Ap suat can
spindle kinh dién thé do dong lwon nhat Sai 54 dé mé dau
thay dao spindle i dién ng arso kep dao
NRS50-
5100 9?50 mm 220V 4A 1,37kg 50000 rpm le®m 0,55-0,6
ATC-RS MPa

Heé thong ban ga dao (Hinh 5) duoc thiét ké theo spindle thay dao nhu Hinh 4.

Hinh 4. Spindle NR50-5100 ATC-RS thay dao

240

D28

D22
‘O 00 o
e =

Hinh 5. Kich thudc ban ga dao

2.2. Cac nguyén ly hoat dong ciia bg thay dao tuw dong [10]

Khi chuong trinh gia cong dén dong 1énh thay dao, thi bo phan diéu khién 1ap tuc phat lénh
dimg cac chuyén dong chay dao X, Y va ding dong co truc chinh Z. Pong co din dong truc
chinh quay vé vi tri thay dung cu di duoc xac dinh (vi tri chét cua dao trén tryc chinh ding
hudng véi chot cua gia kep dao). Tryc chinh dung quay. B9 diéu khién phat 1énh diéu khién cho
truc Z di xuong vi tri thay dao (Vi tri ma gia kep giao nim trong g1a d5 kep dao). BO dicu khién
phat 1énh diéu khién bom khi nén vao dong co spindle thay dao, gia kep dao m¢ ra sao cho dai
dao roi khoi truc dong co nam gon trong g1a dd kep dao. Sau do, bd diéu khién phat lénh diéu
khién cho truc Z di 1én rdi di chuyen to1 vi tri dao can thay da dwgc xac dinh trude. Sau do, bd
diéu khién phat 1énh diéu khién cho truc Z di xuong vi tri ldy dao sao cho dau truc dong co
spindle thay dao ngang véi gia kep dao. Bo diéu khién phat 1énh diéu khién ngirng bom khi nén
vao dong co spindle thay dao, gia kep dao dong lai kep chit dai dao, liy dao ra khoi gia d& kep
dao. Truc Z di 1én lay dao ra khoi gia d& kep dao két thiic qua trinh thay thé dao tu dong.
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2.3. So' dd diéu khién

‘ Truc chinh dén diém thay dao

Truc chinh dén diém lay dao

l

l

Khi nén dwgc bom vao spindle
thay dao

Ngtrng bom khi nén vao spindle

thay dao

l

l

‘ Truc chinh nha dao

‘ Truc chinh kep chat dau dao

|

|

‘ Truc chinh di chuyén di lén

l

Hinh 6. So dd thuét toan tra dao

‘ Truc chinh di chuyén vé vi tri

ban dau

Hinh 7. So d6 lay dao méi

3. TINH BEN CHO CO CAU THAY DAO

Cu thé nghién ctru sé tinh bén bd phan kep dao va ban ga dao. Trong d6, tinh toan lyc tac
dung 16n bd phan kep dao va ban ga dao. Do cimg cua 16 xo: k = 2200N/m; Chiéu dai ban dau
cta 10 xo: /p=3cm = 0,03m; chiéu dai 16 xo sau khi bj co ciu truc z tac dung luc nén: / =2cm =
0,02m; Vay d6 bién thién cua 16 xo: 4/ = 0,0lmm. Vay luc dan hdi cua 10 xo: Fg = kAl =
2200.0,01 = 22N. Dé dau kep dao mé ra va co thé léy dao thi luc tac dung cua bd thay dao 1én bd
phén kep dao phai 16n hon luc dan hdi cua cua 10 xo. Trong lyc cua truc Z tac dung 1én by phan
kep dao bao gdm khéi lugng cua spindle truc chinh (4kg), spindle thay dao (1,37kg) va cac bd
phén ga spindle la: P = 58,7 N. Vay dé tinh bén cho bd phan thay dao, chon lyc tac dung 1én bo
phan kep dao va ban ga dao 1a P = 60N. Vi tinh chéat ddi xtng giita cac dao, trong d6 dao 1 va
dao 4 co diéu kién bién gibng nhau khi ¢6 cung vi tri gidng nhau, phan b lyc gidng nhau. Nén
chiing c6 cting phéan b tng suit, chuyén vi va bién dang giong nhau. Tuong tu cho dao 2 va 3.

Biang 5. Bang thong s6 cho bo ga dao.

Théng s Gia tri Pon vi
Modul dan hoi 2,le+11 N/m2
Hé s6 Poisson 0,28 N/A
Khdi lugng riéng 7800 Kg/m3
Gidi han tmg suat 6,204¢+8 N/m2

Hinh 8a. Cau tao ciia b phan thay dao
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Pham mén md phong dugc ding trong nghién ctru nay 1a phin mén ansys workbench. Dic
trung boi cac phuong trinh ma trdn d§ cung va khoi lugng, mé hinh dugc tinh toan bang cach
ghép nhitng ma tran phan tir cung loai lai véi nhau va dugc thé hién bdi cong thirc sau:

[M]{U}+[K]{U} =0

Trong d6 [M] va [K] lan lugt 1a ma tran khéi lwong va ma tran dg cimg tong thé. Ta st
dung phan tir khoi tir dién lam phan tir chu dao cho mo hinh s6 ba chiéu nhu (Hinh 8b).

Vv

Hinh 8b. Phan tir tr dién ctia phdm mén ansys workbench

3.1. Tinh bén cho dao 1 va dao 4

Luyc tac dung vao bo ga dao chu yéu 1a trong luc cua spindle truc chinh va spindle thay dao
tac dung khoang 60N.

von Mises (N/m*2) URES (mm)

672404001 2.895¢-009

l 81844001 )
L 5804001 (-
_ S043enC01

. 21716009
428364001

. 1.8306-009
392364001

 1.68%-009
| 336204001
. 2.802e+001 L 1447009
L 224164001 L 1.206e-009
e L 968010

L 1237010

112164001
560464000
68426008

4525010
I 2412010
— b Vield strength: £:204e+005 1.0002-030

Hinh 9. Két qua tinh bén ting sut theo Von Mises 16 dao 1 Hinh 10. Két qua chuyén vi 15 dao 1

ESTRN
1896010
l 17386010
L 1.530e-010
. 14226010
- 1.264e-010
_ 11066010
| 9480e-011
L 7.900:-011
L 630601

_ 470601

3160011
I 15806011
£047e-018

Hinh 11. Két qua bién dang 15 dao 1
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Ta thdy tng suét 16n nhét ciia khdi thay dao ty dong nidy voi ome, = 6,724e” N/m” bé hon
rat nhiu Ung suat cua thep la [o] = 6,204¢™ N/m*. Ngoai ra, ta thay chuyén vi l16n nhat la
2,895¢™ (mm) va bién dang 16n nhét 1a 1,896¢'° (mm). Cac gia tri déu rat nho nén bd ga dao
thoa bén.

3.2. Tinh bén cho dao 2 va dao 3

von Mises (\mA2) UURES (mm]
£.63%+001

l £.085 +001

L 5.532e+001

2,900::009

l 2.858¢-009

L 2417008
. A97%-+001
. 2175009
- 4d2ee+001
- 1933009
. 38724001
_ 16926009
L 331%+001
| 1450:.009
. 276fe+001
| 1,206 009
L 2213+001

. 1.6e0e+001 _ 96676010

1,106e+001
5.532+000
16736006

—b Yield strength: 6.204e+008

L 1,250 010
4833010

I L417e:010
10006030

Hinh 12. Két qua tinh bén tmg suat theo Von Mises 16 dao 2 Hinh 13. Két qua chuyén vi 15 dao 2

ESTRN
18766010
l 1715010
. 1563010
- ldore 0o
. 12506010
. 10%4e00
L 93T8e0N
L T81501
L 6252011

L 4f%011

312601
I 1563011
2635016

Hinh 14. Két qua bién dang 15 dao 2

Twong ty nhu két qua mo phong tir 16 dao 1, két qua md phong tir 16 dao 2 nhu Hinh 12,
13, 14. Ung suit 16n nhat ctia vat nay 1a 6,639¢”" N/m® bé hon rat nhiéu tmg suét cia thép la
6,204¢™ N/nr’. Ta thiy chuyén vi 16n nhit 1a 2,9¢” (mm) va bién dang 16n nhat 1a 1.876¢°
(mm). Céc gia tri déu rat nho nén bo ga dao thoa bén.

3.3. Tinh bén cho b phén kep dao

Luc tac dung 1én b6 phén kep dao chu yéu ciing 1a trong lyc cua 2 spindle truc z c6 gia tri
khoang 60N, ta thay u:ng suét 16n nhat cta vat nay la 7 59¢"! N/m’bé hon rat nhiéu mg suét cua
thép la 6,204¢"™® N/m?, chuyen vi 16n nhit 1a 5,141¢” (mm) va bién dang 16n nhat 1a 2,706¢"°
(mm). Céc gia tri déu rat nho nén bo ga dao thoa bén.
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URES (mm)
wvon Mises [Mfm™2)
5.141e-009

. 4.712e-009

_ 42848009

7.590e+001

. 5,957e+001

. £.325e+001
_ 5.692e+001 _ 3.856e-09
_ 5.080e+001 _ 3427eDa

| 4427e+001 _ 2,999e-009
| 3.795e+001 . 2.570e-C09
L 3.162e+007 . 21428009
_ 2.530e+001 L 1.71de-003

| 1.859Te+001

1.265e+001
l £.325e+000
36422004

— Yield strength: 6,204 +008

_ 1.285e-009
8.565e-010

l 4. 254e-010
1.000e-050

Hinh 15. Két qué tinh bén tmg suit bd phan kep dao Hinh 16. Két qua chuyén vi bd phan kep dao

ESTRM
2.706e-010
. 2.450e-010
_ 2.255e-010
- 2.02%e-0M0
1604010
_ 1.578e-010
_ 1.353e-010
L 1z7e-0i0
. 5.015011

- B.765e-011
4.510e-011

l 2.255e-011
9.374e-016

Hinh 17. Két qua bién dang bo phan kep dao

4. KET LUAN

Nghién ctru da lwa chon trong thiét ké duoc hé thong thay dao ty dong cho may CNC c6
san, cha dong ché tao trong didu kién lam viéc trong nuoc. Ché tao hé théng thay dao ty dong va
da van hanh trong moi truong thyc té. Cac két qua tir nghién ciru cho thay hau hét cac chi tiét
trong bd thay dao ty dong thda diéu khién bén tuy nhién vi¢c lép dat con nhiéu han ché.
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