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THIET KE HE THONG DIEU KHIEN VA GIAM SAT TGC DO QUAY
CUA DA MAI TREN MAY TIEN HOT LUNG 16811

DEVELOPMENT OF A CONTROL AND MONITOR SYSTEM OF GRINDING WHEEL SPEED

INTHE 16811 RELIEVING LATHE

TOM TAT

Méy tién hét lung 16811 la loai mdy chuyén dung ¢6 d6 chinh xéc cao. Mdy
duoc st dung d€ gia cong dung cu cat nhu dao phay dia modul, dao phay vdu
modul, dao cat bénh rdng, dao cdt ren,... St dung may tién hét lung 16811, qua
trinh mai ¢6 dd chinh xc cao. Tuy nhién, t6c d6 da mai chua dugc kiém sodt d&
¢6 thé diéu chinh vén toc cat phi hop vdi bai toan t6i uu vé chat lugng bé mat gia
cbng. Mt hé théng diéu khién, giam sat da dugc phat trién dé diéu chinh toc do
clia da khi mai hét lung trén mdy 16811, Hé thdng truyén dong dién méi st dung
inverter va vi diéu khién ARM STM32F103 da dugc thiét ké va thay thé cho hé
thdng truyén dong ci. KEt qua thi nghiém cho thay hé thdng méi o thé diéu
khién va kiém soat toc do cia da mai dp ting yéu cdu cla bai toan t6i uu hoa
chat lugng bé mat chi tiét gia cong.

Tir khod: SVPWM; STM32F103; Inverter dién dp ba pha; mai hét lung.

ABSTRACT

16811 relieving lathe which is a specialized machine with high precision is
manufactured by the Soviet Union. This machine is used to machine the cutting
tools such as the modular disc milling cutters, the modular lug cutters, the gear
cutting cutter, the thread cutting cutters, etc. Using 16811 lathe, the accuracy of
grinding processes are quite high. However, the grinding wheel speed has not
controlled to adjust the cutting speed for optimization problem of the machined
surface quality. A control and monitor system was developed to adjust the
grinding wheel speed in the 16811 lathe. A new electric drive system using an
inverter and an ARM STM32F103 microcontroller was designed to replace the old
drive system. The test results showed that the new drive system can control the
speed of the grinding wheel to meet the requirements for optimization problem
of the machined surface quality.

Keywords: SVPWM; STM32F103; Three-phase Voltage Inverter; relieving
grinding.
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1. GIGI THIEU

Chat lugng bé mat chi tiét gia cong phu thudc rat nhiéu
vao téc do, luc ma sat gitta da mai va chi tiét gia cong. Trén
may tién haét lung 16811 hién tai khéng cé ché dé diéu
khién va kiém soat t6c dé da mai nén chat lugng gia cong
sé phu thudc rat nhiéu vao kinh nghiém van hanh cda
ngudi diing may. DPé dap Uing yéu cau t6i uu hda ché do gia
cdng vaGi tung loai vat liéu, may phai c6 kha nang diéu
chinh va én dinh téc d6 & cac dai khac nhau (khoadng tu
1.000rpm dén 10.000rpm). Trudc yéu cau d6, nhom tac gia
da nghién cuu, xay dung hé théng diéu khién, giam sat téc
dé quay ctia da mai. Hé truyén dong méi st dung inverter
diéu khién theo cdng nghé diéu khién véc to khong cam
bién cho phép diéu khién tinh chinh va én dinh téc do
doéng co da mai. Ngoai ra hé théng con dugc trang bi thém
mach giam sat t6c do, dong dién dé thuan tién trong qua
trinh van hanh may.

2. CAU TRUC HE THONG

Hinh 1 mé ta cdu trdc chuyén dong chinh khi mai trén
may 16811. Hé théng truyén déng gém cac chuyén dong:
1) chuyén déng quay cla chi tiét; 2) chuyén déng tién dao;
3) chuyén ddng quay cGa da mai. Khi mai, chuyén dong
quay cla chi tiét gia cong c6 téc do thap cha yéu dé thay
déi vung gia céng nén van téc cit chi yéu phu thudc vao
téc do vong quay clia da mai. Péng co ba pha khong déng
b6 c6 cong suat 1,1kW, dién ap 220/380V, tan sé 50Hz dugc
ndi truc tiép vai lugi dién, khong cé thiét bi diéu khién téc
dé nén téc dé quay cla da chi thay déi dugc thédng qua hé
théng buly.

P& thuc hién diéu khién tinh chinh dugc t6c d6 da mai,
mo hinh truyén dong ci dugc thay thé bsi mé hinh diéu
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khién s dung inverter nhu hinh 2. C4u trdc ctia hé théng
bao gom:

- Bién tan KE300 lam nhiém vu diéu khién va én dinh téc
do dat truéc cha da mai; cung cép tin hiéu gia tri dong dién
cla déng co cho hé théng vi diéu khién.

- Hé théng hién thi, nhap di liéu, gidm sat va cai dat téc
d6 da mai s dung ARM STM32F103.

- Khéi chiic ndng két néi véi may tinh théng qua céng
truyén théng néi ti€p RS-232.

- Khéi do luding t6c do, kiém soat dong dién.

Hinh 1. Mdy tién hét lung 16811

220/
380V
50Hz
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Hinh 2. So 6 cdu tric khi mach diéu khién gidm sat dong co da mai

Yéu cau diéu chinh/do céc tham s6:

- T6c d6 clia da mai: dai diéu chinh [1.000; 10.000]rpm,
sai s6 do + 5rpm.

- Dong dién cla dong co: dai do [0,5; 2]A, sai s6 + 0,03A.
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Yéu cau vé van hanh: an toan, cé ¢o ché canh béo céc
ché d6 hoat dong bang dén va coi, c6 chiic nang chéng
mat pha, léch pha.

3. THIET KE PHAN CUNG
3.1. Lua chon thiét bj

Pong co kéo da mai co6 cong suat 1,1kW, do vay lua
chon inverter micro KE300-1R5G-T4. Inverter c6 cdng suat
1,5kW, dién ap 380V, tan s6 ngudn 50Hz.

KE300-1R5G-T4 c6 céac chiic nang nhu: tich hgp sdn bd
diéu khién én dinh téc d6 PID, st dung cdng nghé vector
control-sensorless, cai dit ché dé khéi dong mém... thuan
tién cho viéc thié€t ké hé théng.

Mach do ludng téc dé st dung encoder E6B2 cua
OMRON c6 thoéng s6 2000ppr, dién dp ngudn cap 12VDC.

Mach hién thi va gidm sat téc do, dong dién dong co da
mai st dung bd MCU STM32F103C6T8.

3.2. Thiét ké so d6 mach ddng luc
So d6 mach déng luc ctia hé théng thé hién trén hinh 3.
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Hinh 3. M@ hinh hé thdng phan cling

Inverter dugc cai dat & ché do vector control-sensorless,
viéc 8n dinh t6c d6 thong qua bd diéu khién PID bén trong
inverter. Dat téc do6 yéu cau théng qua cdng AD1 (trén
inverter). Tin hiéu analog cho kénh DA1 cla inverter dugc
cap bai bién tré ngoai hoac tin hiéu ti kénh DA2 ctia MCU.
Cac tin hiéu khéa logic thiét 1ap ché& dé va chuyén déi ché
dé van hanh inverter dugc thiét ké trén mat may. Khéi cong
suat c6 chuc nang nhan tin hiéu dat t kénh AD1 cla
inverter, thuc hién diéu khién t6c d6 dong cc da mai én
dinh theo t6c dé dat yéu cau. Ngoai ra mach con co6 chuc
nang bao vé qua tai, mat pha cho déng co da mai.

Mach do ludng t6c d6 st dung encoder E6B2 cua
OMRON cé théng s6 2000ppr, dién ap nguén cap 12VDC.
S dung mach cach ly quang 6N137 (hinh 4) d€ ha bién do
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dién ap xung t& 12VDC xuéng muc dién ap 3,3VDC cla
MCU. Thai gian tré mé va tré déng ctia mach vao khoang
100ns, vGi encoder c6 d& phan gidi 2000ppr thi c6 thé do
duoc téc do téi 20000rpm.

+24V VgC

R1
3K3

2 :
Edir
ENCODER 3
Encoder eNt37i_ L]
output
signals ol
_____ le=75mA
Input |z ====-=-c---codo---. Iz =3.75 mA
0mA

Output Vg

=t = 100ns
Input | = ENCODER, Output Vo = QEI
Hinh 4. Mach ghép néi Encoder vdi MCU qua mach céch ly quang 6N137

Mach chuyén déi muc dién ap analog tir 0 - 3,3V sang 0 -
10V hodc nguac lai d& ghép ndi kénh analog gitta MCU va
inverter thé hién trén hinh 5. Mach bao gém 2 khau khuéch
dai ddo. Ty s6 chuyén ddi dién ap clia mach la R2/R1.

c1 R5 10K

AN RETIMI L3
AN TRTIMI ETH

Hinh 6. Mach 13i chip ARM STM32F103RCT6

Website: https://jst-haui.vn

Mach hién thi va giam sat t6c do, dong dién déng co da
mai st dung bé MCU STM32F103C6T8. bay la mét MCU 32-
bit c6 nhiéu tinh ndng manh. So d6 mach bao gém cac khéi
thiét ké: man hinh hién thi stt dung GLCD-12864 ghép néi
qua céng PortC, khéi phim nhin nhap di liéu va diéu
khién, khéi mach do ludng t6c d6 qua kénh cta Timer1
(TIM1_CH1, TIM1_CH2), khéi do ludng dong dién qua kénh
ADCO, khoi giao ti€p mdy tinh RS232 qua UART2. So d6
mach thé hién trén hinh 6.

4. THIET KE PHAN MEM
4.1. Luu d6 thuat toan hé théng

Luu d6 thuat todn cla hé théng thé hién trén hinh 7.
Cau truc hé thong st dung hai chuong trinh ngat va mét
chuang trinh x{ ly tai ham chinh. Chuong trinh ngat thu
nhat 1a ngat cda Timer6 véi thai gian ¢ dinh sit dung cho
muc dich doc t6c dé theo chu ky tir encoder. Chuong trinh
ngat thu hai la ngt clia céng UART2 st dung cho muc dich
doc 1énh va truyén di liéu 1én thiét bi may tinh. Chuong
trinh chinh (ham main) xr ly cac van dé doc AD, xuat tin
hiéu DA, xtt ly phim, hién thi d liéu 1én man hinh.

Main

START

System setup
Clock, ADC, Timer, UART,
ADM, Port, Interrupt...

Y ‘E N
|

Timer6 Interrupt

<o 15>

Clear FLAG
Calculate speed

| Read key A 2
Process KEY
¥
Read AD (current) UART2 Interrupt
Export DA (setpoint)
Display GLCD
v
| Delay(200ms) | @
Clear FLAG
Process UART

Hinh 7. Luu d6 thudt toan

4.2, Ky thuat do luéng téc dé véi STM32F103
C6 hai gidi phap ky thuat do toc do bang encoder la
dém sé xung trong khoang thai gian ¢6 dinh va do dé rong
xung cla encoder. Trong hé théng nay st dung phuang
phap dém s6 xung la hé théng kiém soat t6c dd nén
khoang thai gian trich mau khéng yéu cau qua nhé. Theo
thiét ké sai s6 tuyét doi ctia phép do téc dé la e = +5rpm.
Biét théng s6 cla encoder la n. = 2000ppr, téc d6 quay cla
truc encoder la n. Gia st s6 xung do encoder phat ra trong
khoang thdgi gian gian AT la ny thi:
_ N AT
X 60

xn (M
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Dé 56 xung dé€m duoc bing chinh sd vong/phut cha téc
dd can do thi lua chon n.AT = 60. Khi d6 khodng thai gian
AT = 60/n. = 30ms. S dung 2 Timer trong qua trinh do t6c
do tur encoder trén hé th6ng nhing STM32F la Timer3 va
Timer6. Timer3 hoat dong & ché d6 ENCODER. Xung cla
encoder dugc két ndi vao hai kénh TIM3_CH1 va TIM3_CH2
cha Timer3. Timer6 dugc cai dat & ché do ngat dé dat sau
khoang thai gian AT = 30ms nham muc dich tao chu ky lay
mau. Qua trinh cai dit cac Timer3, Timer6 can luu y dén
nguon xung, chia xung cla timer, cac ché do hoat dong,
khoang thai gian ngat, chu ky, tham sé bo loc...

L AT=30ms N

100000N0NNANNN s

Timer3

=4 I B N

Timer6 I_I I_I
INT INT
Read ny Read n, Read ny

Hinh 8. Mo ta gian do hoat ddng ctia Timer3 va Time6

STM32F103 hoat déng & tan s6 72MHz. Tan s6 xung
nhip CK_PSC bang v&i tan sé xung nhip hé théng CK_PSC =
CK_INT. Timer3 cai dat & ché do: PSC =0, dém lén, chu ky
ngat I6n nhat (Period = OXxFFFF), hé s6 bo loc la 5. Timer6
cai dat PSC = 71, khi dé xung dém cutia Time6 c6 tan s6 la
1MHz. Chu ky ngét 30ms, do d6 Period clia Timer6 sé c6 gia
tri 13 30000.

5. KET QUA THUC HIEN
5.1. M4 hinh thiét bi

San pham hoan thién |a mét hé théng diéu khién truyén
déng da mai c6 thé tinh chinh téc d6 (hinh 9, 10). Téc d6 ‘ S
quay ctia da mai dugc 6n dinh nhd vao hé théng bién tan Hinh 9. T diéu khién
tich hgp sdn bé PID. Hé théng kiém soét dong dién, téc do
st dung hé théng nhing STM32F103 hoat déng & tan sé
xung nhip 72MHz. Tham s6 va chiic nang cta hé nhu sau:

- Céng nghé diéu khién: diéu khién véc to khong cam
bién.

- Cong suat, dién ap, tan so: 1,5kW; 220/380VAC; 50Hz

- Dai t6c d6 diéu khién va do ludng: 1.000 - 10.000rpm

- Strdung Encoder do t6c d6 c6 dé phan giai 2000ppr

- Do ludng dong dién tu tin hiéu analog dau ra cua
inverter.

- Hién thi man hinh: GLCD 12864 pixel

- K&t ndi véi may tinh théng qua cng RS232, t6c d6
mac dinh 19200 baud

- Hé théng c6 chuc nang: bao vé qua tai, bao vé ngén Hinh 10. Lép ddt két ndi ta diéu khién véi mdy 16811
mach, bao vé mat pha. Bang 1. Két qua thuc nghiém do toc do sau khi hiéu chinh

) KIICh thudc: 800x600x250mm. Técdo quay| Két qua do téc d6 quay ctia da mai bing thiét | Saisé
5.2. Két qua thuc nghiém 7y cai dat trén bi EXTECH 461825 (rpm) tuyét

S dung may do t6c EXTECH 461825 (sai s6 1rpm khi t6c héthdng | N N N A déi
d6 do > 1000rpm) va ampe kim Hioki 3288 (sai s6 1,5%) dé (pm) |lan1|lan2 | lan3 |lan4 | Lan5 | T8 |0

can chinh va thi nghiém hé théng, két qua do thé hién
trong bang 1 va 2.

—_

1000 999 | 1002 | 1001 | 999 | 1002 | 1000,6 | 0,6
2 2000 2001 | 2002 | 2002 | 1998 | 2003 | 20012 | 1,2
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3 3000 3005 | 3006 | 3001 | 2998 | 3002 | 30024 | 24
4 5000 4998 | 5003 | 5003 | 4998 | 5004 | 50012 | 1,2
5 7000 7002 | 7001 | 6998 | 7000 | 7003 | 70008 | 0,8
6| 10000 |10003| 10002 | 9998 | 10004 | 10000 | 10001,4| 1,4

Nhu vay sai s6 tuyét doi toc do da mai 16n nhat la
2,4rpm < 5rpm dam bao yéu cau dé ra.
Bang 2. Két qué thuc nghiém do dong dién sau khi hiéu chinh

Dong dién | Két qua do dong dién bang thiét bi chuan Sai'sé
hién thi Hioki 3288 (A) A
T PN tuyét
trén he 2 2 2 A A doi (R)
théing (A) Lan1| Lan2 [Lan3| Lan4 | Lan5 | TB
1 0,51 0,56 | 049 | 055 053 | 0,51 |{0,528| 0,018
2 1,23 1,25 | 1,25 | 1,26 | 1,24 | 1,25 [1,25| 0,02
3 1,51 1,51 | 1,53 | 1,56 | 1,55 | 1,53 |1.536] 0,026
4 1,75 1,75 | 1,78 | 1,65| 1,76 | 1,71 | 1,73 | 0,02
5 1,89 1,88 | 1,92 1193 | 191 | 1,92 |1912] 0,022

Nhu vay sai sO tuyét déi dong dién I6n nhat 1a 0,026(A)
< 0,03(A) ddm bao yéu cau dé ra.
6. KET LUAN

Bai bao trinh bay két qua xay dung hé théng diéu khién
téc d6 dong co, giam sat téc dd da mai khi mai hét lung
trén may 16811, hé théng cho phép diéu chinh t6c d6 quay
cla da mai tir d6 thay déi van téc cat theo yéu cau.

St dung hé théng diéu khién giup xay dung dugc biéu
dé t6c do, ché dd van hanh t6i uu clia may 16811 khi gia
céng chi tiét. K&t qua thuc nghiém cho thady hé théng cé
thé diéu khién, do t6c d6 va dong dién cé dd chinh xac cao.
Sai s6 tuyét doi Ién nhat ctia phép do toc do, dong dién khi
st dung hé théng so vai thiét bi do téc EXTECH 461825 va
do dong dién Hioki 3288 lan luot la +2,4rpm va 0,026A; két
qua dap ung dugc cac yéu cau vé diéu khién va giam sat
toc do/dong dién dong co trén may 16811 dé t6i uu hoa
théng s6 ché d6 cat nham dat dugc chat lugng bé mat chi
tiét gia cong.
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