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THIET KE TOI YU DA MUC TIEU DONG CO SERVO SU DUNG

THUAT TOAN RANG BUOC-¢

MULTI-TARGET OPTIMAL DESIGN OF SERVO MOTORS BY &-CONSTRAINT ALGORITHM

TOM TAT

Bai béo trinh bay phuong phap thiét ké t6i vu &p dung cho dong co servo.
NGi dung bao cao dwa ra phuong phap thiét ké hién dai st dung thuét toan t6i vu
hoa ngay tlr budc md hinh héa va tinh toan ban dau, nhdm giam céc vong I&p
ché tao mau thit t6n kém vé chi phi va thoi gian clia phuong phép thiét ké méay
dién “truyén thdng”. Bai toan thiét ké t6i tu dong co servo, si dung tdi tu hda da
muc tiéu voi cac rang bude dugc chon dé tim ra két qua thiét ké toi wu. Két qua
Pareto duoc duwa ra véi hai muc tiéu tréi nguoc nhau, circ dai momen va cuc tiéu
khdi lugng dién tlr, nham gidip nguoi thiét k& lra chon dong co phit hop nhat vé
mat chi phi va thoi gian dap (ng cho tng dung yéu cau.

Tir khoa: Dong co servo, thiét ké tdi ru, thuat toan tGi wu, toi wu da muc tiéu,

ABSTRACT

This article presents the optimal design approach for servo motors. Content
of the report proposes a modern design method using optimization algorithms
from the initial modeling step and calculation step, to reduce the costly and
time-consuming prototype fabrication loops of conventional motor design
method. Servo motor optimization design is using multi-target optimization
with constraints to find optimum results. Pareto front has two opposing targets,
maximizing the torque and minimizing the electromagnetic mass to help
designers to choose the most suitable motor in the terms of cost and response
time for the required application.

Keywords: Servomotor, optimal design, optimization algorithms, multi-
objectives optimization.
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1.GIOI THIEU

Pong co servo hoat dong trong mot dai téc do rong -
moémen xo&n cao, dong luc hoc nhanh, dinh vi vai do chinh
X&c cao, thoi gian ting tdc ngén, trong lvong thap, thiét ké
nhé gon. Vi vay, viéc giam thiéu khoi lugng & budc thiét ké
khong chi gitip gidm chi phi san xuét, ma con dé cé mémen
quan tinh nho, trong khi van dé vé nhiét va cac dac tinh yéu
cau k¥ thuat ctia dong co dwgc ddm bao. So do phan loai
dong co servo dugc biéu dién & hinh 1.
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Hinh L. Phén loai ddng co servo

Thiét ké déng co néi chung cling nhu ddng co servo noi
riéng thudng dya vao mé hinh nguyén mau ao dé giam
thoi gian va chi phi san xudt mau thi va thir nghiém, vi du
nhitng nguyén mau duoc tao ra dya vao mé hinh héa bang
phuong phéap phan tir httu han [1]. Tuy nhién dé dat duoc
cac yéu cau k¥ thuat mong mudn, bai toan thiét ké téi vu
vé hinh dang va kich thuéc la cdng viéc khé khan va phic
tap khi lva chon thong s6 téi wu véi cac ham rang budc [1-
3]. Toi vu hoa san pham gdp phan giam thiéu chi phi san
xudt cho cac doanh nghiép [4]. Phurong phéap thiét ké toi wu
dong co servo khdng dong bd (hinh 2) dé xuéat trong [1-8],
thong qua phuwong phéap luan va cac cong cu phan mém,
két hop cac thuat toan t6i ru hda va cac mé hinh da vat ly.

Hinh 2. Bong co servo khdng dong bd

Cac nghién ctru vé cac thuat toan t6i wu co thé xir ly cac
bién lién tuc va roi rac dwoc nghién cru trong [5-7]. Cac bai
toan thiét ké da muc tiéu duwgc tham khao trong [7-9].
Phurong phap thiét ké t6i wvu da muc tiéu yéu cau so lan lap
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lai thi€t ké it hon nhiéu so v6i cac phwong phap thiét ké
truyén thong. Trong thiét ké t6i vu da muc tiéu, co thé lya
chon thuét todn dao ham hay thuét todn ngau nhién dé giai
quyét cac bai toan t6i vu tuyén tinh hodc phi tuyén.

No6i dung clia bai bao trong phan 2 sé trinh bay phwong
phap thiét ké t6i vu don va da muc tiéu dvoc ap dung dé
téi wu hoa trong thi€t k€ may dién. Cong thirc t6i wu hoa va
két qud thiét ké t6i wu Pareto sé duoc trinh bay chi tiét
trong phan 3 véi thiét ké t6i vu da muc tiéu ap dung cho
dong co servo. Cac két luan duoc dua ra ban luan trong
phan 4.
2.PHUONG PHAP TOI WU BAMUC TIEU
2.1. Ly thuyét toi vu

Viéc t6i vu héa hay tim gié tri cuc dai (hodc cuc tiéu) clia
mot muc tiéu dugc thay bang mé hinh toan hoc clia yéu
cau (muc tiéu) do giap giai quyét mot cach logic hon. N6
phai xac dinh chinh xac bang cac cong thic [10]:

F) = (£,00, £, .., £,(0)

X —{xX,X5, ., Xp} ESERD

Xi € Di —_ {dil’ diZ’ 'diq}' 1 = 1, ey nd (l)
Rang budc:
(X)) =<0, i=1,..,1
g;(X) j @
h(X) =0, k=1,..,m

Cac ham muc tiéu (f,(X), f,(X), ...) Ia mot hoac nhiéu tiéu
chi xac dinh muc tiéu, cé thé la dé giam thiéu chi phi (san
xudt, tiéu hao dién nang,.), gidm thiéu tdc dong moi
trvdng (can kiét tai nguyén thién nhién, khi thai, hiéu tng
nha kinh..) hodc dé t6i da hoa hiéu suat, mémen, céng
sudt...

Céac bién hoac cac tham s6 thiét ké (X = {X, X,, .., X,}) |12
cac dai lvgng dau vao c6 anh huwéng dén hiéu suét, khoi
lvgng, mdmen clia ddng co. Cac thdng s nay sé dwgc thay
d6i trong qué trinh 13p lai cha thiét k& t6i vu. Chang han
nhuv kich thuéc hinh hoc cla stator, rotor, s6 vong day
quan, tinh chat vat liéu,... Viéc lwa chon s6 lvgng cac bién
cling la van dé cla t6i wvu hoa. Co thé thay doi mot sé lugng
I6n cac bién thiét ké dé tang khong gian tim kiém nhung
qua trinh t6i vu hoa sé lau hon va khé hoi tu hon.

Céc rang budc (g;(X), hy(X)) lién quan dén da linh vuc
nhuw co, nhiét, dién tir, diéu khién, duoc thé hién trong cac
thong s ky thuat ctia may. Vi du, hiéu suét ctia déng co
phai cao dé nang cao hiéu qua vé mét nang lvgng, nhiét do
cudn day phai thap hon giéi han tdng nhiét cuta I6p cach
dién, dong dién can thiét dé thuc hién mémen xoan cuc dai
khong vuwgt qua dong dién tdi da cho phép béi bd diéu
khién va cong sudt I6n nhat & tdc do cao phai Ién hon hodc
bang voi yéu cau ky thuat cho déng co servo... Tuong tu,
trong qua trinh tdi vu héa, nguoi thiét ké co6 thé thém
nhiéu rang budc khong dwgc thé hién trong cac théng s
k§ thuat nhung ngam hiéu cho cac chuyén gia dé dam bao
thiét ké tdi wu tinh todn kha thi trong san xuat. Vi du, mot
rang budc nhu 1a hé so l1dp day phai dugc thém vao dé dam
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bao rang day quén khong dugc virot qua ranh stator, mat
dé dong dién Ién nhat dé dam bao vé nhiét cho dong co.
Nhitng rang budc dwgc thém vao dam bao tinh phu hep
clla mo hinh da chon.

2.2. T6i wu da muc tiéu Pareto

Thong thuong, cac k§ s phai doi mat véi nhiém vu
thiét ké cac rng dung cong nghiép dé dap (ng mot tap
hop cac yéu cau, da muc tiéu. T6i wu héa hai muc tiéu la
mot trwdng hop cu thé trong t6i wu hdéa da muc tiéu, trong
dé c6 thé lwa chon tdi vu kich thudce vat ly gitip chi phi clia
hé théng & murc t6i thi€u déng thoi tdi vu mémen cuc dai
hay hiéu suéat vai tap hop cac rang budc dong thoi [9].

Hinh 3 thé hién t6i vu da hai muc tiéu duoc dinh nghia
bai biéu dé phan b6 Pareto. Diém x"€ X la téi wu Pareto khi
va chi khi khong ton tai diém khac x € X, sao cho f(x") = f(x)
va f(x) < f(x) cho it nhat mot ham muc tiéu.

Vung théa man
(kha thi)

Bién giGi

\[\ Pareto

f;
Hinh 3. Biéu d phén b6 tuong trung ti vu da muc tiéu Pareto
C6 hai ho phuong phép t6i vu héa chinh: phwrong phap
dao ham va phuong phap ngau nhién. Cac phuong phéap
dao ham; thuét toan Simplex Nelder-Mead, SQP-Lap trinh
bac hai tuan ty,... [11]. D& tim gia tri t6i wu, chiing dva trén
huéng tim kiEm dwoc cung cip béi cac dao ham ctia ham
muc tiéu. Phrong phap cho hdi tu nhanh chéng nhung cé
thé 1a hdi tu cuc bd. Cac phuong phap ngau nhién: thuat
toan di truyén (GA), t6i vu héa dong hat (PSO),... dva trén
co ché chuyén d6i ngau nhién va xac suét giap kham pha
khong gian tim kiém mat cach théng minh va c6 thé héi tu
dén tdi wu toan cuc. Ching yéu cau mét sé luvgng Ién cac
danh gia clla ham muc tiéu, do do6, thoi gian tinh toan rat
I&n so v@i cac phrong phap dao ham.

fa
& ﬁf 2 Dy
\ Ay
. \
. Y d
82 \
g o o

fy

Hinh 4. B0 thi twgng trung sk dung thuat toan € -constraint [9]

Mot trong cac phuong phap giai bai toan t6i wu da muc
tiéu hiéu qua la thuét toan e-constraint [9]. Trong phuong
phap nay, mét trong cac ham muc tiéu dwoc chon dé t6i wu
hoa f,(x) trong khi cdc ham khac f,(x), f,(x) dwoc chuyén
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thanh cac rang budc b6 sung bién bai todn da muc tiéu
thanh don muc tiéu, dan dén mét giai phap cé thé dwoc
chitng minh 1a luén t6i wu Pareto. Thay d6i c6 hé thong
céc gia tri ciia ham muc tiéu thanh céc rang budc bo sung
f,(X) < {€,, €,,.., €.} dan dén viéc tao ra mot bién gidi Pareto
phan bd déu. b6 thi twgng trung st dung thuat toan
g-constraint dugc thé hién trong hinh 4.

2.3. Thuat toan t6i wvu don muc tiéu SQP

Thuat toan lap trinh bac hai tuan ty (Sequential
Quadratic Programming-SQP) [12] la m6t trong nhitng
phurong phap tdt nhat dé giai quyét cac bai toan téi vu hoa
don muc tiéu véi rang budc phi tuyén.

Van dé 1ap trinh phi tuyén;

1) ©)
g].(x) =0 j=1,....m (4)
g].(x)g 0 j=m+1,...,n (5)

Trong do, x la vector clia tham s6 thiét ké, f(x) 1a ham
muc tiéu, m,n la s6 lvgng cac rang budc, la vu diém lén clia
lap trinh bac hai tuan tv la kha nang gidi quyét cac van dé
vGi cac rang budc phi tuyén. Ham rang budc phi tuyén
Lagrangian cho bai toan 1ap trinh phi tuyén dwoc biéu dién
nhuv sau:

LED) =1(x) + XA+ gx) (6)

Y twdng clia phuong phap 1ap trinh bac hai tuan tv 1a
mo hinh hoa bai toan l1ap trinh phi tuyén (3)-(5) & mot giai
phap gan ding nhat dinh, gia sit X bang mot bai toan lap
trinh bac hai. Sau d6 sir dung gidi phap cho bai toan con
nay dé xay dwng mot xap xi tét hon x**. Qua trinh nay duoc
lap lai dé tao ra mot chudi cac xap xi sé hoi tu dén giai phap
t6i vu X

Y twdng chinh cha lap trinh bac hai tuan tv 1a xay dung
bai toan con lap trinh bac hai dya trén mét xap xi bac hai
clia ham Lagrangian L(x, A) cQa (6) va bang cach tuyén tinh
héa cac rang budc phi tuyén ctia (3) va (5).

an f(s) = an[ %sT « Hy + Af(xk)T * 5] (7)
Rang budc:
Ag]-(xk)T xs+ gx (xX)=0v6ij=1...m G

Ag]-(xk)T xs+ gj* (xX) <0 voi j=m+L,...n ©)

Bai toan con lap trinh bac hai (7)-(9) dugc giai bang cach
s dung phuwong thic thiét lap hoat dong Quadratic
Programming. Cac giai phap clia chuong trinh con lap trinh
bac hai tr (7)-(9) sau dé duogc st dung dé tao thanh mot
xap xi mai x*** nhu sau:

XK =xk 4 Ak« (10)

Vi du 1: 4p dung thuét toan SQP cho bai toan don muc
tiéu.
Ham muc tiéu:
0<sx, <7

0<x,<4

min. f,(x)=3x} - 4x2.x,+30 (1)
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Céc rang budc:

0i(X) =x?+x2-13=0 (12)

0,(X)=2.x2+x,x2-80< 0 (13)

Slr dung thuat toan bac hai tuan tv SQP véi diém ban
dau:x,=[2 3.

Két qua thu duwgc sau 6 vong ldp, dwgc trinh bay trong
hinh 5. B&c tinh hoi tu cla cac bién x;, x, duoc thé hién
trong hinh 5(a), 5(b) thé hién dac tinh hoi tu ctia ham muc
tiéu f,(x) va rang budc g,(x).

Gié tri cac bién x;, x,
4.5
—x 1
4 =2
35
.”‘ 3 /
s 25
2 \.\‘
1.5 S - o
1
1 2 3 4 5 6
[taretion
C)
Ham muc tiéu f;(x), rang budc g;(x)
35 0.25
=0 f1(x)
30
=o=¢gl(x) | 0.2
25
2 0.15 _
= e
o 50
> 15 o
10
0.05
5
0 0
1 2 3 4 5 6
Itaretion

Hinh 5. K&t qua hdi tu st dung thuat toan SQP: cac bién x,, X, (hinh a);
clia hamf, (x) varang budc g,(x) (hinh b)

Dbiém ban dau x,=[2 3] thda man rang budc g,(x) va
0,(X), voi gia tri ham muc tiéu f,(x) = 30. Sau vong Idp thi
nhat, gia tri ham muc tiéu f,(x) da gidm 44,69% con 16,59,
tuy rang buéc g,(x) lai tdng nhay vot (tir 0 tang 1én 0,2031),
0,(X) = -57,5547 < 0, trong khi d6 cac bién x;, X, cd xu
huéng hoéi tu dan. Twong tv sau 6 vong lap ham muc tiéu
f,(x) d& gidm dan va hdi tu vé gia tri f,(x)" = 15,4668,
véi rang budc g,(x) hoi tu vé gia tri 0 1a g,(x)" = 3,76e”,
0,(X) = -60,4054 < 0 twong (ng voi gia tri bién x;, x, la
X' =[1,4172 3,3154]".

St dung fmincon la mdt ham tich hop cla thuat toan
SQP trong céng cu Matlab. Hinh 6 la két qua chay ham
fmincon cho vi du & phuong trinh (11)-(13) trong Matlab.
Két qua tinh toan hdi tu tdi wu thu dwgc & hinh 5 hoan toan
toan trung khép voi két qua mé phéng Matlab.

Website: https://tapchikhcn.haui.edu.vn



P-ISSN 1859-3585 | E-ISSN 2615-9619

SCIENCE - TECHNOLOGY

Command Window ®
x0 =

5 1.4172 3.3154  15.4668

Hinh 6. Két qué tinh toan t6i vu md phong Matlab

Vi du 2: 4p dung thuét toan e-constraint cho bai toan da
muc tiéu (hai muc tiéu).

Ham muc tiéu:

min. f,(x)=3xf-4x?x,+ 30
min. f,(x)=2.x2.x, +x,.x5+ 10

Céc rang budc dugc gitt nguyén nhu vi du 1. Ap dung
thuat toan e-constraint, ham muc tiéu f,(x) sé dugc chuyén
thanh thém 1 rang budc phi tuyén g,(x), thuat toan
SQP trong méi truong Matlab duwoc sir dung dé giai bai
toan nay.

0/(X)=x?+x3-13=0

0,(X) =2.x2+x,x5-80< 0

0:(X)=2.x2x, +x,x2+10 < ¢

Hinh 7 la két qua t6i wu Pareto clla ham muc tiéu f;(x) va
f,(x) trong vi du 2. Ham muc tiéu f,(x) dwgc chuyén thanh
rang budc g,(x) voi cac budce nhdy rang budc € thudce [20 :
5 : 55]. Vi moi budc nhay g clia ham muc tiéu f,(x) (hay
rang budc g,(x)), sé cho ra két qua t6i vu twong ng cla
ham muc tiéu f,(x). Tap hop cac két qua trén sé tao ra do thi
t6i wu Pareto. Dua vao dac tinh Pareto, c6 thé chon diém
thda mén cac rang budc va tdi thi€u héa cac ham muc tiéu.

(14)

(15)

Keét qua toi wu Pareto ham muc tiéu f;(x) va f>(x)

60
55
50
45
40

fx)

35
30
25
20
15

10
14 15 16 17 18 19 20 21 22 23 24

f1(x)
Hinh 7. Két qué Pareto hai ham myc tiéu f, (x) va f,(x)
3. 'NG DUNG TOI UU DA MUC TIEU DONG CO SERVO

Bai toan t6i vu hdéa da muc tiéu cta dong co ba pha
servo khéng ddéng bd rotor 16ng s6¢c nhém, téc do t6i da
4000rpm, dugc xay dung nhu sau:
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- 02 ham muc tiéu:

+ Tdi thi€u héa khai lugng dién tir ddong co servo

+ T6i da h6a mémen cuc dai clia dong co @500rpm

- Céc bién thiét ké va rang budc:

+ Buong kinh ngoai/trong clia stator

+ Chiéu dai 16i st stator/rotor

+ S6 vong day quén

+ Hé s6 trugt clia dong co

+ Dién ap day

+ Dong dién cdp cho dong co < 3A.

+ Méat do dong dién < 9A/mm?

+ Hé s6 lap day rdnh < 75%

+ bién 4p day < 380V

Hai muc tiéu mau thuan nhau duoc chon: t6i da hda
momen cuc dai va gidm thiéu khéi lvgng dién tir clia déng
co (mach tir stator/rotor, day quén stator bang dong va
Iong rotor bang nhém). Céc bién thiét ké thay ddi s& anh
huéng tryc ti€p dén khdi lvgng va mémen cuc dai cla
dong co. Viéc thiét k& t6i vu hoa hai muc tiéu nham lya
chon dong co servo phu hgp nhat véi (tng dung yéu cau.

Ap dung thuat toan e-constraint véi ham muc tiéu cuc
dai héa mdémen dong co servo dugc dua thanh rang budc
{10,... 21} N.m két hop thuat toan téi wu SQP va md hinh giai
tich déng co trong moi truong Matlab. KEt qua phan b6 toi
wu Pareto theo h~ai ham muc tiéu khéi lvgng va mdémen cuc
dai dwoc biéu dién & hinh 8.

Trén d6 thi déc tinh phan bd téi wu Pareto, diém (¢) la
diém lya chon thiét ké téi vu déng co servo khdng dong
bd. Vat liéu st dung thép M800-50A, day dan bang déng va
I6ng s6¢c nhdm, lya chon tét nhat Pareto gilra hai ham muc
tieu: momen cuc dai bién thién tr 10 + 2IN.m v6i khoi
lwvong dién tir déng co thay déi tir 7,81 + 12,53kg.

To1 uu Pareto

14 Piém lya chon
13 thiét ke toi wu
12 dongco

S

Khéiluvgng dién tir (kg)

9 10 11 12 13 14 15 16 17 18 19 20 21 22

Mo men cuc dai (Nm)

Hinh 8. Dac tinh phan b tdi (fu Pareto theo hai ham muyc tiéu

Hinh 9 thé hién thiét ké clia dong co toi vu () duoc
chon & d&c tinh tdi wu Pareto trong hinh 8. Hinh 9(a) thé
hién kich thuéc stator va rotor clia dong co, hinh 9(b) biéu
dién so dd day quan dién hinh. Cac gia tri ham muc tiéu va
cac thong s6 thiét ké chinh ctia dong co nay duwgc trinh bay
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chi tiét trong bang 1. Bong co dwgc chon cé mdémen cuc
dai 1a 15,0Nm véi khoi lugng dién tir t6i thi€éu hop ly la
9,52kg.

Bang 1. Két qua mdt s6 thong s6 chinh clia thiét ké t6i uu dong co servo
khong dong bd

T Thong s6 Ponvi Giatri
3 Momen cuc dai N.m 15,0
S | Knoi Irgng phan dién ti kg 9,52
% Mach tlr stator/rotor kg 4,52,8
- Day quan dong/long soc nhom kg 1,9/0,3
Buing kinh ngoai/trong stator mm 140,4/83,2
é 56 rénh clia stator/rotor - 36/48
2 S0 cuc - 6
2 | Chidudaimachti mm 90,1
z-% 56 vong déy quén - 105
j§ Dién &p day ddt vao dong co servo 350,7
Dong dién pha stator A 2,99

Pha B

Hinh 9. Thiét ké t6i uu kich thudc mach tir stator/rotor (a); So o déy quay
cla thiét ké tdi vu (b)
4. KET LUAN

Bai bao da trinh bay mét phuong phap méi thiét ké
dong co st dung cac thuat toan téi wu trén co sé tdi wu cac
thong so ki€ém soat ndng lvgng, tng dung cho dong co
servo. Bac tinh Pareto dua ra phwong an lya chon t6t nhat

30 | Tap chi KHOAHOC VA CONG NGHE ® Tap 56 - S6 6 (12/2020)

gita khoi lugng dién tir va mémen cuc dai sau khi danh gia
mo hinh bang thuat toan e-constraint k&t hop thuat toan
lap trinh bac hai tuan ty (SQP) trong Matlab. Mot thiét ké
téi wu duoc lya chon trén dac tinh phan b6 téi wu Pareto
v6i khoi lwvgng dién tir 1a 9,52kg, mdmen cuc dai dat duoc la
15,0Nm. Mot thiét ké khac cé thé lam tdng mémen cuc dai
nhuwng véi khéi lvgng Ién hon. K&t qua thiét ké téi uu
Pareto c6 thé gilp lwa chon thiét ké tot nhat phd hop voi
chi phi va mémen cuc dai cling nhu thoi gian dap rng cho
cac yéu cau tring dung.
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