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Mot so két qua nghién ciru, ché tao may tién CNC c6 truc chinh
truyen dong bang dong co thuy luc

Results in the development of automatic lathes
with hydraulic spindle drive

Tran Ngoc Héi*, Lé Cung, V6 Nhu Thanh
Trieong Dai hoc Bach khoa, Dai hoc Pa chng
*Email: tnhai@dut.udn.vn

Tel: +84-0511.3842741; Mobile: 0905026649

Tom tit

Tur khoa:

Pong co thuy luc; Diéu khién
Mach3 CNC; Truc chinh may
tién; Toc dd truc chinh.

Hién nay, truyén dong va diéu khién tu dong thuy luc dugc ing dung rong rai
trong nhiéu linh vyc, trong d6 da co6 ung dung trong cac may gia cong cit got
kim loai (cu thé: trong may bao, trong ban may mai, trong ban may phay, kep
phoi, trong chuyén dong chay dao may tién). Tuy nhién, img dung thuy luc
truyen dong truc chinh cua may tién van la huéng nghién ctru img dung hé
truyen dong mdi hién nay. Bai bao nay gidi thiéu tong quan mot so két qua
ché tao may tién tu dong co tryc chinh truyén dong bang dong co thuy lure.
Trong do, cac tac gia tong hop va phén tich cac két qua da dugc cong bd vé
dong luc hoc clia cum truc chinh truyén dong bang thiy luc, xdy dung so do
nguyén 1y va mo hinh héa may tién ty dong c6 truc chinh truyén dong bang
thity lyc va hé tham chiéu 1a dong co dién ba pha. Cac két qua ché tao cum
truc chinh, lip dit ban dao, cac chi tiét chuyen dong cuia may tién ty dong, hé
thong diéu khién va phan mem dleu khlen may duogc trinh bay trong bai bao.
Céc tac gia cling miéu ta ve mot s chi tiét gia cong trén may, so sanh két qua
gia cong va dé xuat mot sd hudng tng dung cua hé thong nay.

Abstract
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Nowadays, hydraulic automatic transmission and control are widely used in
many fields including applications in metal machining (particularly planning
machine, grinding table, milling table, workpiece clamps, lathe turning
motion). However, the application of hydraulic system in controlling the main
shaft of the lathe table is still a new research direction. This paper presents an
overview of some results in developing an automatic lathe with hydraulic
driven system. In particular, the study focused on the published results of the
dynamics of the hydraulic transmission spindle, the principle diagram of
automatic lathes’ hydraulic spindles, and the reference system is a three-phase
electric motor. Here we present results of spindles manufacturing, the
installation of the cutting tools, the moving parts of the automatic lathes, the
control system and the machine control software. We also introduce results of
machining, comparison between machining results and some suggestions for
this application.
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1. TONG QUAN

Céc hé truyén dong truc chinh may CNC trén thi truong thudng tmg dung truyén dong
bang dong co dién mot chidu hodc dong co servo nhung chi phu hop cho nhirng may c6 cong
suat nho va trung binh, con v&i nhitng may co cong suat 16n thi thuong Gng dung truyén dong
bing dong co dién ba pha. Con cac chuyén dong chay dao thuong 1a dong co bude, dong co
servo va bén canh d6 ciing c6 mot sd nghién ciru tmg dung truyen dong bang xilanh thuy lyc nhu
hing san xudt Senday, Fuji [9, 10] vi ¢6 wu diém 13 ning suit gia cong cao, két cAu nho gon cua
cum chap hanh. Tuy nhién, cac chuyén dong nay thuong diéu khién ¢ toc do thap do d6 gan nhu
khong c6 tinh dan hoi ctia dau, qua trinh didu khién d& dat do chinh x4c hon. Con khi yéu cau
diéu khién ¢ tdc do cao thi con gap nhiéu kho khin do do dan hoi, do nhét va su bién ddi nhiét
d6 cuia dau. Tuy nhién, hién nay k¥ thuat diéu khién ty dong da phat trién manh, dic biét trong
giai doan “cudc cach mang cong nghiép 4.0 voi ky thuat diéu khién hién dai (diéu khién t6i vu,
diéu khién thich nghi, diéu khién phi tuyén, diéu khién bén ving) va didu khlen thong minh (diéu
khién logic mo, diéu khién mang noron, thuat toan di truyen) thi viéc 6n dinh téc do cua truc
chinh truyén dong bang dong co thuy lyc co thé diéu khién duoc. Do do, dé xuét nghién ctru ing
dung trén truyén dong truc chinh cac may cit got kim loai 1a hét strc can thiét ma chua dugc cac
nha khoa hoc trong nudc quan tam.

Dé ¢ co s¢ Iy thuyét ciing nhu thyc nghiém dé xuét nghién ctru nay thi nghién ctru vé do
on dinh tdc do cua cum van ty I¢ va dong co thuy lyc da dugc cong bd trong cac bai bao trudc,
cu the:

Theo [1], 2014. Céng bd mo hinh nghién ciru ly thuyet cta cum truc chinh may ti¢n, truyen
dong bang dong co thuy luc va cac gia thiét 1a co tinh dén bién dang dan hdi cta bo truyén dai
thang, ma sat va gi tri mémen quan tinh kh6i lugng trén truc chinh va gié tri trén roto ciia dong
co thiry luc. Ung dung luat diéu khién PID cho mé hinh truc chinh may tién, két qua khao sat
dap Gmg qua d6 da thé hién tdc do truc chinh phan tng nhanh, khéng c6 do vuot 16 va sai sd xac
lap nho.

Theo [2], 2016. Cong bb nghién ciru thyc nghiém vé 6n dinh tdc do cua tryc chinh may
tién khi truyén dong bang dong co thuy luc. Két qua khao sat thyc nghiém dg 6 6n dinh téc do cta
truc chinh may tién khi truyén dong bang dong co thuy luc, diéu khién bang van ty 1¢ hoan toan
phi hop vé6i két qua khao sat ly thuyet [1]. Tuy nhién, ching t6i thay rang dap tng cua hé thong
c6 thay d6i sau mot khoang thoi gian hoat dong do nhiét d6 cua dau thay doi.

Tir d6, chung to1 dé xuat mo hinh thyc nghiém 6 6n dinh téc do va vi tri cia cum truc cong
tac truyén dong bing dong co thuy luc va diéu khién bang van ty 1€ [4, 5], 2017. Trong nghién
ctru ndy, tmg dung diéu PID tu diéu chinh md cac thong s6 didu khlen Ky, Kp, K. Két qua cho
thdy dap tng ctia hé thong tot hon khi tng dung bo diéu khién PID ¢ dlen

V6i cac nghién ctru da cong bd, ching t6i hoan toan tin tuong rang c6 thé tmg dung dong
co thuy I truyén dong cho truc chinh tién.

2. NOI DUNG

2.1. Xay dung nguyén ly ciia may ti¢n tw dong

So d6 nguyén 1y cia may dugc thé hién trén hinh la va 1b [3]. Trong d6, hinh la thé hién
so d6 nguyén ly cua may tién co tryc chinh truyén dong bang dong co thuy lyc va hinh 1b thé
hién so d6 nguyén 1y ciia may tién c6 truc chinh truyen dong bang dong co dién 3 pha thuong
duogc tmg dung hién nay véi nhitng may c6 cong suat 1on (ddy 1a hé truyén dong tham chiéu).
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Ban dao nghiéng véi hai truc X, Z dugc truyén dong tir dong co budc qua bd truyén vit me
- dai dc bi, trén ban dao c¢6 6 dao co thé thay dao tw dong. Truyén dong cho U dong chuyén dong
tinh tién ctia dau chéng tdm qua bo truyén vit me - dai ¢ bi (c6 dong co budc didu khién dé
dang). Ngoai ra, trén truc chinh chung toi lip thém thiét bi do toc do 1 tdc ké, toc ké nay dé
kiém soat tc do cua dong co thuy hc.

Diéu khién vo cép tdc do cua dong co thuy luc truyén dong cho truc chinh 1a van ty 1¢, con
dong co dién ba pha 13 bo bién tan.
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Hinh 1. So d6 nguyén 1y ctia may tién ty dong [3]

2.2. Céc thong so va két cau cia may

Hé truyén dong chay dao theo 2 truc X va truc Z dugc tir dong co budc qua bd truyén vit
me - dai dc¢ bi, v6i cac thong sé chon va tinh toan:
Chon luc doc truc can thiét cho vit me 13 F, = 2KN, khoang cach dich chuyén can thiét
1 =300mm, chon vat li€u vit - thép 45, dai ¢ - sit. Dung ren mot dau mbi, budc ren p = 3h chon
p = 4(mm) va chiéu cao H va sb vong ren cua dai dc:
H= \.|IHd2 =18 (1’1’11’1’1), X = H/p = 8.

Taco: d, > R 9,4(mm), Chon d; = 10 (mm)
V Ty Yglg]

Pong co truyén dong chay dao theo hai phuong X, Z 1a hai dong co budce c6 cong sudt tdi
thiéu 13 5 (W), ¢6 cac thong s6 nhu sau: Pong co don cuc, hai pha c6 dién 4p lam viée 13 5,7 (V).
Sb budc trén mot vong quay 1a 200 bude/vong (1,8°/budc). Dong 16n nhat 1,6 (A), tbe do

tién dao co thé dat dugc 1a v =750 (mm/phut).
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) Hinh 2. Két ciu cum truc X
1- Khép ndi, 2- Ban may, 3- Ray trugt vuong, 4- Vit me bi, 5- Bich, 6- Pong co budc
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) Hinh 3. Két ciu cum truc Z
1- Khép noi, 2- Ban may, 3- Ray trugt vuong, 4- Vit me bi, 5- Bich, 6- Pdng co budc

U dong duogc lp trén song truot bi truyén dong tir dong co budc qua bd truyén vit me bi co
the di truot tw dong hodc diéu khién bang tay qua phan mém tdi vi tri bat ky.
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) Hinh 4. Két cAu cumu d(}ng
1- Mii chong tam, 2- U dong, 3- Ray trugt vudng, 4- Noi truc, 5- Bich, 6- Dong co budc,
7- Ray truot, 8- Vit me bi, 9- Dai 6c

Cum 6 dao vdi 6 vi tri mang dao, c6 thé thay dao tu dong trong qua trinh gia cong.
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i Hinh 5. Két cu cum 6 dao )
1- Dau khoan, 2- Mam dao, 3- Than hdp, 4- Truc, 5- Pong co budc, 6- Khop nodi
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Truc chinh cic may cit got kim loai dong vai trd quan trong trong cac qué trinh gia cong vi
nd cung cap toc do cit cho dao va 1a mot phan cta chudi truyén Iyc giita may va dung cu hoic
chi tiét. Khi ché tao may cong cy, cac nha san xuét da nghién ciru van dé > nay. Tuy nhién, ing voi
m01 may duoc thiét ke ma tryc chinh c¢6 nhitng déc tinh khac nhau. Dan dong truc chinh la co
ciu cung cap va truyén chuyén dong dén truc chinh, bao gom ddng co truyén dong qua bo
truyen. Thong thuong [11], ¢ bdn loai truc chinh phu thudc vao dang dan dong duoc sir dung,
do la truc chinh dan dong dai (hi¢u suét 95%), din dong banh ring (hiéu suat 90%), dan dong
truc tlep va dan dong tich hop (hiéu suét 100%). Trong nghién clru nay, chung t6i chon truyen
chuyen dong tir dong co thiy luc diéu khlen vO cap bang van ty 1€ [4] va dong co dién 3 pha dleu
khlen vO cap bang b bién tan (hé truyén dong tham chleu) thong qua bo truyén dai thang (ty sd
truyén 1:2) nhdam chuyén doi giita hai phuong an truyén dong dugc don gian.
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. Hiph 6. Két cAu cum tryuc chinh )
1, 2, 5- B truyén dai thang; 3- Khdp noi truc; 4a- Bong co thuy luc, 4b- BPdng co dién 3 pha; 6- O bi d0;
7- Truc chinh; 8- Nap 6; 9- Mam cép; 10- Vong phot
Céc thong s6 cum truc chinh va thong s6 k¥ thuat ciia may dugc thé hién trén bang 1.

Bang 1. Céc thong s6 cum truc chinh va théng s6 ky thut cia may

Tén goi Pon vi tinh Gia tri
Mam cip 3 chéu tiéu chuan (kha ning cip) mm 7+110
DPuong kinh 16 truc chinh mm 30
, A A . Ty so truyén 1:2
Cum truc chinh va bd truyén dai thang 8 vong quay (vong/phit) 0+ 2400
Bong co thuy luc (4a) I3</W‘ 122’25
(Cong suét, thé tich riéng va ap suat lam viéc va sb Cm Vogg )
vong quay) Kg/cm 150
gquay vong/phut 0+ 1200
Bong co dién 3 pha (4b) Kw 2,2
(Cong suat va s6 vong quay) vong/phut 1450
Hanh trinh truc X mm 300
Hanh trinh truc Z mm 500
Khoang cach chéng tim mm 550
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S dau dao - 6

Kich thudc may (dai x rdng x cao) mm 1340x630x1200
Trong luong may kg 735kg

Bo mach va phan mém diéu khién - Mach 3

2.3. Hé thong diéu Khién

Mach Mach3 VM4 1a mach két ndi gilta phan mém diéu khién (Mach3Turn) trén may tinh
va cac phin tir didu khién nhu driver diéu khién dong co budc, trén bo dugc trang bi cong
Spindle v6i tin hiéu diéu khién 0-10vDC phu hop véi tin hi¢u diéu khién bo bién tin hodc bo
khuéch dai diéu khién van ty 1€ thuy lyc. Ngoai ra con c6 nhi€ém vu nhan tin hi¢u phan hoi tir cac
cam bién va cong tic hanh trinh vé phan mém xir Iy. Bo mach Mach3 VM4 do Viét Nam san
xuat [6].
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Hinh 7. So d6 mach lip rap hé thong diéu khién
1- Cam bién hanh trinh, 2- Nhém dong co budc, 3- Cac Driver TB6600, 4- Bén bao hi¢u, 5- Bo mach Mach3 VM4,
6- Céc ro le tin hiéu, 7- Truc chinh va bién tin Yaskawa V1000, 8- Cong tic diéu khién, 9- Ro le khoi dong,
10- Nguon DC, 11- Loc ngudn

Mot sb dic diém ciia Mach 3 VM4: Mach Mach3 VM4 h tro tdi da diéu khién 6 truc toa
dd, hd tro diéu khién dong co budc va dong co servo. Trén bo mach cé chu thich rd rang vé cac
tin hiéu diéu khién cho tung truc X, Y, Z, A, B, C. V6i mdi truc ta c6 2 tin hi¢u diéu khién, mot
1a tin hiéu xung Step cung cap dén driver dong co dé dleu khién toc do dong co, tin hidu con lai
14 tin hidu Direct diéu khién hudng quay cua dong co. Tat ca cac tin hiéu diéu khién tir Mach3
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VM4 déu phai dua qua driver dong co méi c6 thé didu khién dwoc dong co vi tin hiéu ra chi la
tin hiéu diéu khién voi mirc dién ap 5V, ngoai ra c6 cac dén LED béo trang thai két ndi cong
LPT va trang thai hoat dong ctiia mach. Twong thich véi Windows 2000/XP/Vista/7. So db lip
rap hé thong diéu khién duogc thé hién trén hinh 7.

Pé diéu khién chinh xac tdc do cua truc chinh khi truyén dong bang dong co thiy luc va
dugc didu khién bang van ty 18, ching t6i sir dung thém bo Arduino Uno R3 va tmg dung luat
diéu khién PID ty diéu chinh mo [4].

Phan mém Mach3 [7] 13 mot gbi phin mém chay trén PC (mAy tinh c4 nhan) va duoc xem
la hé diéu khién CNC 2 truc, 3 truc, 4 truc va 5 truc. Mach3 cling bao gém cac tinh nang tich hop
(duoc goi 1a Mach Wizards) cho phép chung ta lap trinh cac chi tiét don gian bang cach nhap céac
doan dir liu, tranh viéc phai sir dung thém mét phin mém CAD/ CAM riéng biét. Mach3 giao
tlep voi may cong cu va cac drivers cia no thong qua mdt (hodc hai) cdng song song hoic mot
cong n01 tiép (COM) sir dung giao thirc ModBus. Cong song song duoc st dung ¢ day la cong
giao tiép may in DB25. Mach3 13 mot chuong trinh c6 cac tinh nang phong phu ciing nhu rat dé
dang st dung. N6 1am vi¢c véi cac chuong trinh khac roi nhan céc tap tin DXF, tao ra G-Code va
hoan toan co thé tuy chinh. Mt khac, ché d6 gia cong ren trén phin mém duoc tich hop trén
cong cu cai dat (hinh 8) cho phép ngudi ding chon cac thong sé ren mong mudn.

Jy Maxchid N Control Application
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Hinh 8. Giao dién moéi truong thiét 1ap chuc nang gia cong trong Mach3Turn

3. KET QUA VA THAO LUAN
3.1. Hinh dnh may ché tao

Hinh 9. Cum ban dao va cum truc chinh
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Pong co dién
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M

Pong co thuy luc

Hinh 10. May ché tao, lap rap hoan chinh

3.2. Gia cong mdt sb chi tiét gia cong
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Céc thong sb gia cong: ve = 113 mm/ph, lrong chay dao sq = 0,05 mm/vong, chiéu sau cit
t=0,3mm, sé vong quay truc chinh n, = 1000 - 1200 vong/ph.

Chung t61 da gia cong mot s6 bién dang véi cac vat liéu khac nhau do 1a thép CT38, C45,
dong hop kim, nhém hop kim (hinh 12). Qua thue nghiém, cac chuyén dong tao hinh dung voi
chu trinh gia cong duoc thiét 1ap trén phan mém Mach3Turn, anh chyp chi tiét gia cong c6 kich
thudc dung véi kich thude ban ve. V& so sanh chét luong bé mit chi tiét g1a cong gitra 2 hé
truyén dong ching t6i do d6 nham be mét, da dugc cong b6 [3] véi vat liéu gia cong CT38, sai
1énh d6 nham bé mit giita 2 hé truyén dong twong dbi gidng nhau, két qua do do nham ciing mot

00
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Hinh 12. Anh chup chi tiét gia cong

cap nham (cép 5).

4. KET LUAN

Bai bao da trinh bay mot s két qua vé may tién ty dong co truc chinh truyén dong bang

dong co thuy lyc, cu thé:

Thiét lap cac thong sb dong hoc, mot s6 ban v& két cAu cta cum ban dao nghiéng X, Z,

cum tryc chinh, u dao va u dong; Thiét bi diéu khién c6 sin trén thi truong Viét Nam.
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May ché tao v6i cum truc chinh truyén dong bing dong co thiy luc c¢6 két cdu nho gon.
Tuy nhién c6 nhuge diém vé bd ngudn, cac phan tir didu chinh va didu khién cong kénh.

Véi mot sb két qua ban dau 1a gia cong duoc cac bién dang khac nhau ding voi chuong
trinh duoc thiét 1ap, so sanh d6 nham bé mat [3] voi hé truyén dong truc chinh bing dong co dién
3 pha. Tir cac két qua nghién ctru nay tiép tuc ing dung hé truyén dong va diéu khién thuy luc
cho tryc chinh cac may cong cu cét got kim loai van ning ciing nhu cac may CNC chuyén dung.

Céc chi tidu chat lugng khac nhu sai s6 hinh dang hinh hoc nhim dé danh gia chit lwong
may ché tao sé trinh bay trong mdt cong bd toi.

LOI CAM ON

Nhoém téc gid chan thanh cdm on cac nhan vién thudc Vién cong ngh¢ co khi va tu dong
hoéa, khoa Co khi, truong Pai hoc Bach khoa, Pai hoc Pa Nang da tao moi diéu ki¢n va trg gitip
trong thoi gian thuc hién nghién clru nay.

DANH MUC DANH PHAP/KY HIEU

d> : Puong kinh trung binh cuia ren; h: Chiéu cao profin ren (1mm)
WVH : Hé s6 chiéu cao dai 6c (1,8 dai oc nguyén);  d: Pudng kinh ngoai (11mm)

Wh : Hé 5O 5:hiéu cao ren thang (0,5); d;: Buong kinh trong (9mm)

ql : Ap suat cho phép (8 Mpa); H: Chiéu cao ren; x: SO vong ren
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