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Toém tat - Truyén dong va diéu khién tw dong hé thdng thly lwc trong
céc may gia cong cét got kim loai hién nay dang dwoc (rng dung manh
& cac nwdéc cong nghiép. Dac biét, trong cudc “Cach mang cong
nghiép 4.0” da va dang xam nhap vao thi trwdng Viét Nam, tao ra
nhCrng thach thirc khong nhd véi cac nha san xuét va cac nha khoa
hoc & trong nwére. Hién nay, truyén déng cho truc chinh may céng cu
cha yeu Ia hé truyén dong dién ma chua quan tdm tng dung hé truyen
déng béng thay lwc. Bai cao nay trinh bay két qua trng dung hé truyen
déng truc chinh cho may tién bang dong co thuy Iwc, diéu khién téc do
truc chinh bang van ty 1&. Danh gia chét lwong clia hé truyen dong truc
chinh théng qua chi tiéu danh gia d6 nham bé mat cla chi tiét cong,
trong do6 hé truyén déng truc chinh tham chiéu dwoc st dung la déng
co dién ba pha, diéu khién tc do truc chinh bang bd bién tan. Tir dé,
dé xuét kha nang tng dung hé truyén ddng thay Iy trén truc chinh cac
may cdng cu truyén thdng va cac may cdng cu CNC.

Tir khéa - truyén déng thﬂy Iwc; truc chinh may tién; may tién thdy
Iwc; tiéu chudn d6 nham bé mat; Mitutoyo Surftest SJ-301.

1. Pat vin dé

Truyén dong va didu khién ty dong hé thuy luc trong
c4c trang thiét bi cong nghiép 1a mot trong nhitng hudng
phat trién cong nghé cao va la xu thé ung dung & trong
nudc. Trong d6, nghién ciru qua trinh dong luc hoc hé
théng (d6 6n dinh, d6 chinh xac va thoi gian dap tmg,...)
ctia hé diéu khién 1a van dé can quan tam.

Truyc chinh 13 mot trong nhitng cum chi tiét quan trong
trong may cong cu néi chung. D chinh xac, d6 clirng viing
ctia truc chinh s& anh hudng dén chat luong san pham gia
cbng, trong d6 do 6n dinh tdc @6 truc chinh s& anh hudng
dén do nham bé mat chi tiét gia cong. Hién nay, da c6 mot
) nghién ctru dugc cong b6 vé 6n dinh toc do cua truc
chinh may tién.

T.N. Hai [1] cong bb nghién ctru d6 6 6n dinh toc d6 cua
truc chinh méy tién khi truyén dong bang dong co thuy lyc.
Trong d6, nghién ctru da xay dung mé hinh dong luc hoc
clia cum tryc chinh, thiét 1ap cic phuong trinh mé ta toan
hoc ctia hé théng; chon bo didu khién theo P, theo PD va
PID. Ung dung phan mém Matlab khao sit mé phong dap
mg quéa d6 véi 3 bo diéu khién khac nhau va so sanh két
qué di chi ra rang, khi diéu khién bang bo diéu khién PID
thi dap tmg tdc do cuia truc chinh 1a tot nhat.

T.N. Hai va V.N. Thanh [2] d4 cong b nghién ctru d6 6n
dinh tdc d6 ctia truc chinh may tién CNC. Trong do, hé truyén
dong truc chinh 1a dong co dién mot chiéu, tmg dung bo diéu
khién PID va mé phong /dép ung qua do bang phan mém
Matlab. Nghién ciru da tlen hanh so sanh két qua diéu khién
tuong duong véi hé truyén dong bang dong co thuy luc [1].

L. Cung, N.A. Diing va T.N. Hai [3] d& cong bd nghién
cuu thuc nghiém vé 6n dinh tdc d6 cua truc chinh may tién

Abstract - Drive and control of hydraulic systems in metal cutting
machines are now being widely used in industrial countries.
Furthermore, the “Industrial Revolution 4.0” has been entering into
Viethamese market, posing a huge challenge for manufacturers
and scientists. Nowadays, drive systems on universal machines’
spindles are mainly electric drives, not hydraulic ones. This paper
presents the results of the application of spindle speed for turning
lathes by a hydraulic motor that is controlled by proportional valves.
Also, for evaluation of the quality of the spindle drive system
through the sample’s surface roughness, for reference, a three-
phase electric motor is used to control spindle whose speed is
controlled by inverters. From the results, the authors propose the
possibility of applying hydraulic drives on conventional machines’
and CNC’s spindles.

Key words - hydraulic drive; lathe spindle; hydraulic lathe; surface
roughness; Mitutoyo Surftest SJ-301.

khi truyén dong bang dong co thiy lyc. Trén co sé nghién
ctru 1y thuyét duoc cong bd [1], nhom tac gia da tién hanh
lip rap may thuc nghiém, chon bo mach diéu khién
Arduino, viét chuong trinh diéu khién. Két qua cho thiy,
déap ung tdc d6 cua truc chinh hoan toan phu hop véi két
qua 1y thuyét.

Ali Abdul Mohsin Hassan AL-Assady va cong su [6]
da thiét ké va phan tich diéu khién toc d6 cua dong co thuy
luc bang van ty 18 va bo didu khién PID véi nhidu bo tham
s6 Kp, Ki, Kp, duge tim bang cac phuong phap Trial va
error method; Ziegler va Nichols method; Trial va error
method; Self-turn parameters boi Matlab package V7.1.
Két qua thuc nghiém cho thdy, khi str dung bo diéu khién
PID c6 dién thi chit luvgng dong luc hoc tdt nam trong
pham vi nhiét d6 tir 60 dén 70°C, & toc d6 ciia dong co thuy
luc 14 700 (rpm) v6i qua trinh thay ddi tai trén truc ra cua
dong co thuy luc.

Qua cac bao cao khoa hoc da duoc cong bd, co thé thiy
réng, d0 chinh xac vé tde d6 ctia dong co thuy luc dugce cac
nha khoa hoc hét sirc quan tim. Tuy nhién, ing dung truyén
dong truc chinh may tién béng dong co thuy luc dén hién
nay van la mot huéng nghién ctru méi tai Viét Nam.

2. Két qua nghién ciru va khio sat

Trong bai bao nay, nhom tac gia chi do thong sb nham
Rz, Rz 1a khoang cach giita dinh nham cao nhat va ranh nham
thap nhét trén profin trong pham vi mot chidu dai chuan
[4 - 7]. Thiét bi do st dung 13 may do d6 nham bé mit
Mitutoyo Surftest SJ-301, thé hién trén anh chup (Hinh 1). Két
qua do nham Rz 13 co s& dé so sanh, danh gia nham ng dung
hé truyén dong truc chinh may tién bang dong co thuy Iuc.
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Hinh 1. Anh chup mdy do @6 nham bé mt

2.1. H¢ thong truyén dong va diéu khién
May tién dugc thé hién trén so d6 nguyén 1y nhu Hinh
2 va Hinh 3.
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Hinh 2. So d6 nguyén Iy ciia may tién co truc chinh truyén déng
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Hinh 3. So do nguyén ly cia mdy tién cd truc chinh truyén déng
bang dong co dién 3 pha

Trong d6, cum truc chinh may tién dugc truyén dong
voi hai hé truyén dong. Thi nhat, tr dong co thuy lyc qua
bo truyén dai thang, diéu khién toc dd cia dong co thay luc
truyén dong truc chinh bang van ty 1€ (Hinh 2).

Thir hai, tir d6ng co dién 3 pha qua b truyén dai thang,
di€u khién toc d cua dong co dién 3 pha truyén dong truc
chinh bang bd bién tan (Hinh 3).

Hé thong chay dao hai truc X, Z va | dong duge tmyép
dong tir dong co bude qua b truyen vit me - dai 6¢ bi. Thiét
bi do toc d0 cua tryc chinh dugc st dung la toc ke, toc ké
nhén tin hi¢u toc do cta truc chinh qua bd truyén dai rang.

Board mach diéu khién nhém tac gia sir dung 1a board
Mach 3 VM4 [8], thiét 1ap chuong trinh gia cong trén phan
mém Mach 3 [9].

2.2. Chon phéi, chi tiét gia cong, chon dao va cdc thong
50 cong nghé
Kich thudce phéi gia cong duge thé hién trén Hinh 4 véi

vt liéu 1a thép CT38, chi tiét gia cong thé hién trén Hinh 5.
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Hinh 5. Chi tiét gia cong
Chon dao va thong sO gia cong theo tiéu chuan ciia hing
Mitsubishi, thé hién trén Bang 1.
Bing 1. 86 hiéu dao, cdc thong s6 ciia dao VA théng so cdt
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Bing 2. Céc thong s6 gia cong

H@ truyén dong | Théng sb gia cong Théng sb gia cong

Truc chinh truyén
dong bang dong

co dién 3 pha

Truc chinh truyén

N = 1.400 vong/ph
S =25 mm/ph
t=0,2 mm

N = 1.400 vong/ph
S =35 mm/ph
t=0,2 mm

dong bing dong
co thuy luc

Trén co s& phan tich tir nha san xuat dao (Bang 1),
nhom tac gia thiét 1ap cac thong sé gia cong khi thay doi
lwong chay dao S (mm/ph) dugc thé hién trén Bang 2 twong
g v6i 2 hé truyén dong cho truc chinh, d6 1a truc chinh
truyén dong bang dong co dién 3 pha va tryc chinh truyén
dong bang dong co thiy lyc. Gia cong 3 mau ung V01 mot
hé truyen dong cung voi 1 ché do gia cong, tirc 1a téng sd
12 mau dugc lay.

2.3. Do nhdm bé mt

Po 12 miu chi tiét gia cong trén may do Mitutoyo
Surftest SJ-301, qua trinh do dugc thé hién trén anh chup
(Hinh 6).
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Hinh 6. Anh chup qua trinh do
Két qua do ma nhom téc gid thé hién (Bang 3 dén Bang
6) va (Hinh 7 dén Hinh 10) tuong trng véi 2 hé truyén dong
truc chinh.
2.3.1. Truc chinh truyén dong bang déng co dién 3 pha
Bing 3. Két qud do Rz véi 3 mdu 1, 2 va 3

) _ | Ponhdmbé | Gidtri | Cép
Théng s6 gia cong | Mau | mattheo | trung binh | do
Rz (um) Rz (um) | nham
ne=1.400vong/ph | 1 27,105
S =25 mm/ph 2 27,568 26,5353 ~5
T=0,2mm 3 24,933
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0870372012
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Hinh 7. Anh chup gid tri Rz va biéu do profin
Bing 4. Két qua do Rz véi 3 mau 4,5va 6

Ponhambé | Giatri | Cip
Thong s6 gia cong | Miu | mattheo | trung binh | do
Rz (um) Rz (um) | nhdm
M= 1.400 vong/ph |4 21,385
S =35 mm/ph 5 21,427 21,8706 ~5
T=0,2mm 6 22,8
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Hinh 8. Anh chup gid tri Rz va biéu dé profin

2.3.2. Truc chinh truyén dong bang dong co thiy hec
Bing 5. Két qua do Rz véi 3 mau 7,8 va 9

) | Ponhdambé | Giati | Cép
Thong s6 gia cong | Mau | mat theo | trung binh | do
Rz (um) Rz (um) | nhdm
Nt = 1.400 vong/ph |7 15,056
S =25 mm/ph 8 17,229 17,65967 | ~5
T=02mm 9 20,694
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Hinh 9. Anh chup gid tri Rz va biéu dé profin

Bing 6. Két qua do Rz véi 3 mau 10,11 va 12

) | Ponhambé | Gidtri | Cép
Théng s6 gia cong | Mau | madttheo | trung binh | d6
Rz (um) Rz (um) | nhdm
Nt = 1.400 vong/ph |10 23,572
S =35 mm/ph 11 13,045 16,6723 | ~5
T=0,2mm 12 134
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Hinh 10. Anh chup gid tri Rz va biéu dé profin

Két qua tong hop va so sanh gia tri trung binh Rz véi 2
phuong an truyén dong truc chinh dugc thé hién trén Bang 7.
Bing 7. Két qua tong hop do @ nham bé mdt Rz

PONG COPIEN | PONG CO THUY
3 PHA LUC Gia tri sai léch
. . vOi 2 phuong
. Gia tri BZ . Gia tri }{z an truyén dong
Mau | trung binh | Mau | trung binh (%)
(um) (Hm)
1 7
2 26,5353 8 17,6597 0,088
3 9
4 10
5 21,8706 11 16,6723 0,0519
6 12

3. Ban luén
3.1. H¢ truyén dgng truc chinh bang dpng co di¢n 3 pha

Trén Bang 3, vi thong s6 gia cong nee = 1.400 vong/ph,
S=25mm/phvat=02 mm, ta thy rang 3 mau gia cong
¢6 d6 nham twong ddi giéng nhau va tri s6 trung binh 1a
26,5353 um. Mit khéc, tri s6 profin trén anh chup (Hinh 7)
ting miu do tuong d6i ddong déu. Tir co s¢ do, tra bang tidu
chuan tuong tmg cip d6 nham 1a 5.

Trén Béang 4 cung véi thong sb gia cong ne = 1.400
vong/ph, S =35 mm/ph va t = 0.2 mm, ta thay ring 3 mau
gia cong c6 do nham ciing tuong ddi glong nhau va trj sb
trung binh la 25,8706 pum. Mat khac, tri s6 profin trén dnh
chup (Hinh 8) tmg mau do cling tuong d6i dong déu. Tra
bang tiéu chuén tuong Gmg cip do nham 1a 5.

3.2. H¢ truyén dpng truc chinh bang dpng co thliy luc

Tuong tu, tren Bang 5 cung voi thong so gia cong
(Bang 3), ta thy rang 3 mau gia cong ¢6 trj s nham trung
binh Ia 17,65967 um. Tri so profin trén anh chup (Hinh 9)
timg mau do tuong dbi gidng (Hinh 7) va twong tng cép
do nhamla 5

Trén Bang 6 cung véi thong sb gia cong (Bang 4), 2
mau gia cong 7, 8 ¢6 d6 nham tuong ddi giong nhau, con
méu 9 gi tri d6 nham cao hon 0,1 % (sai léch niy vin nim
trong pham vi cho phép, sai lech nay c6 thé do mon dao
hoac sai s6 do gay ra) va tri sO trung binh 1a 16,6723 pm.
Tri sb profin trén anh chyp (Hinh 10) timg mau do c6 khac
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nhau vé bién d6 nhung khong dang ké. Tra bang tiéu chuan
tuong ing cap d6 nham 14 5.

Ttr cac két qua trén, nhom tac gia thiy réng, v6&i pham
vi thay d6i lugng chay dao S = 25 - 35 mm/ph cing mot
van tdc truc chinh 14 1.400 vong/ph truyén dong tir dong co
thiy Iuc thi @6 nham bé mat thay d6i khdng dang ké va van
nam trong mot cdp d6 nham (cép 5).

3.3. 8o sanh d¢ nhdm véi 2 hé truyén dpng truc chinh

Trén Bang 7 la két qua tong hop cac gia tri d6 nham Rz
trung binh tuong tmg véi cing ché do gia cong trén 2 hé
truyén dong truc chinh, d6 1a hé truyén dong bang dong co
dién 3 pha va h¢ truyén dong bang dong co thiy luc.

Vi thong s6 gia cong ne = 1.400 vong/ph, S=25 mm/ph
vat=0,2 mm, ta thiy rang gié tri trung binh khi truyén dong
bang dong co thiy lyc 1a 17,6597 pm, thap hon gié tri trung
binh khi truyén dong bang dong co dién 3 pha la 26,5353
pm. Gia tri sai 1éch giira 2 hé truyén dong 1a 0,088 %.

Vi théng sb gia cong nie = 1.400 vong/ph, S = 35 mm/ph
vat =02 mm, ta thiy rang gia trj trung binh khi truyén dong
bang dong co thuy luc 13 16,6723 um ciing thap hon gia tri
trung binh khi truyén dong bang dong co dién 3 pha 14 21,8706
pm. Gié tri sai 16ch gitra 2 hé truyén dong 13 0,0519 %.

Qua so sanh trén (Bang 7), sai 1énh d0 nham giira 2 hé
truyén dong rat nho, két qua do d6 nham hoan toan phu hop
v6i co so Iy thuyét. Vi két qua nay, c6 thé img dung hé truyén
dong bang dong co thay luc cho truc chinh may tién cong cu
¢6 cong suat 16n hodc trong cac may tién CNC chuyén dung.

4. Két luan

Bai bao da:

Phan tich mot s cong trinh khoa hoc da dugc cong bd
trén céc tap chi, hoi nghi trong va ngoai nuge. Do la co s¢
deé nghién ctru ing dung hé truyén dong thuy luc trén truc
chinh may tién.

Gidi thiéu nguyén 1y véi hai truyén dong truc chinh
may tién, chon phoi gia cong, vat lieu gia cong la thép
CT38 (la vat liéu kho dat dé nham bé mat), chi tict gia cong,
chon dao va céac thong so gia cong trén may. Gia cong chi
tiét trén hai hé truyén dong truc chinh va do nham bé mat
(Rz) trén may do Mitutoyo Surftest SJ-301.

Qua cac két qua va nhan xét trén ta thdy rang, voi cling

van toc truc chinh, chidu siu cit ¢ 2 hé truyén dong truc
chinh khi thay ddi lwong chay dao S thi d6 nham bé mit
cling nam trong mot cp nham (cap 5). Voi cac bé mat gia
cdng c6 cung profin séng sin, bién do nhip nho trong mot
ché d¢ cat v6i 2 phuong an truyén dong truc chinh twong
dbi giéng nhau va gia tri bién do nho. Tuy nhién, luong
chay dao cang nho thi d6 nham Rz & 2 phuong 4n truyén
dong truc chinh ting, diéu nay hoan toan phu hop véi
nghién ctru 1y thuyét (vi xay hién tugng truot ciia mili dao
trén bé mat gia cong).

Qua két qua thyc nghiém, nhom tac gia thiy rang co thé
mg dung hé truyén dong va diéu khién dong co thuy luc
cho tryc chinh may tién van nang, vi c6 mdt so uu diém n01
bat 1a két cAu nho gon, diéu khién toc dd truc chinh vo cap
v6i thao tac don gian ma khong can phai c¢6 hop tde do [3].

C6 thé phat trién két qua nghién ctru dé ing dung hé
truyén dong va diéu khién thuy lyc cho truc chinh cic may
cong cu van nang cling nhu cac may CNC chuyén dung c6
cong suat 16n. Pay 1a hudng nghién ctiru img dung mai va
can thiét dé phat trién linh vuc thiét ké, ché tao may cong
cu trong nuéce.
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