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Thiét ké t6i wu dong co nam chiam vinh ciru bé mit
cho wng dung khép robot cong tac
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Abstract

This paper optimized the surface permanent magnet synchronous motor (SPMSM) using genetic algorithm (GA) for collaboration robot arm
joints application. The optimal variables are modeled according to the motor dimensions. The algorithm has significantly improved motor
torque performance, with torque ripple reduced to 2.15% and the torque magnitude increased to 1.81Nm. The evaluation results are analyzed
on Jmag simulation software. With the optimal motor dimensions, the prototype of SPMSM is manufactured, tested with the testing system

including a dynamometer and power analyzers.
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Bai béo tién hanh t6i uu hoa dong co ddng bo nam cham vinh ciru bé
mat (SPMSM) str dung thut toan di truyén (GA) cho tng dung cho
khap céanh tay robot cong tac. Cac bién téi wu dwoc mé hinh héa theo
cac bién khong gian kich thudc cia dong co. Thuat toan da cai thién
dang ké chat lugng md-men dong co, véi do dao dong mo-men giam
tir 14.68% xudng 2.15%; d6 16n md-men ting tir 1.61Nm dén
1.81Nm. Cac két qua danh gia dugc phan tich trén phdn mém mo
phong Jmag. Véi khong gian kich thuéc thi wu, nguyén mau dong co
duoc gia cong ché tao, chay thir nghiém véi hé thir bao gdbm hé
dynamometer va hé phan tich cong suit.

1. Giéi thidu

Robot cong tac (Collaborative robot - cobot) la mét dang cua
robot ty dong hoa, dwoc phét trién dé& dam bao lam viéc an
toan va cong tac vai con nguoi trong khdng gian lam viéc
chung. So vdi hé théng robot cong nghiép hién co, cobot
thuong 1am viéc trong khong gian hep hon, can thu nho. Vi
vay, cobot dugc tao thanh tir cdc mo-dun dugc téi wu vé khong
gian, kich thudc. Tir yéu ciu do, dong co cho khdp cobot ciing
dugc thiét ké theo dang tach roi rotor, stator, hay con goi la
dong co khong khung vo. Xét cac loai dong co thi dong co
ddng bo nam cham vinh ciru (PMSM) duoc vu tién st dung
cho ting dung robot do kich thudc nho, tang ti 16 md-men xoin
Vi quén tinh (Torgue to inertia ratio), mé-men xoan cuc dai
cao va dai toc do rong.

Cho dén nay, mot sé nghién ctru da dwoc thuc hién dé thiét ké
va tdi wu dong co dién dap ung cac yéu cau trén ddi vai tng
dung robot. O. Ocak [1] tap trung vao viéc thiét ké, phan tich

va xac minh thuc nghiém cua mot dong co dong bo nam cham
vinh cuu (PMSM) cho mét ing dung robot di dong voi mot
nd lyc trén viéc cuc tiéu hda mo-men cogging va do dao dong
tu do m6-men xoan. Ngoai ra, tac gia nay ciing trinh bay thiét
ké va phan tich dong co PMSM duoc sir dung cho robot dich
vu [2]. Trong nghién ctu nay, két cau rotor nhé ra (overhang
rotor structure) duge xét dén va mot méd hinh mang tir tro
chdng chat xét dén anh huong cua phan nhé ra trong rotor
dugc dé xuit dé tinh toan nhanh hon so véi phan tich phan tir
hitu han 3 chiéu (3D FEA). Cac phuong phap ti uu hoa dbi
v6i dong co PMSM dugc phan tich va 4p dung trong cac thiét
ké dong co nham cai thién kha ning sinh momen ciia dong co,
t6i thiéu ha su dao dong momen va cai thién hiéu suit dong
co tai cac diém 1am viéc. Bai bao [3] duwa ra phuong phép toi
uu thiét ké dong co déng b6 nam cham vinh ctu (PMSM) sir
dung thuat toan di truyén (GA) két hop phuong phap Taguchi.
Pé ting mat do md-men xoan cua dong co khdp robot hon
nira, S. Zhang [4] da ap dung day nam cham vinh ctru halbach
vao trong dong co PMSM va téi vu thiét ké dyua vao do nhay
da dbi twong (multi-objective sensitivity).

Mic du day halbach c6 nhiéu ich lgi nhu mé-men xoén dau ra
cao, cAc ton thit va do dao dong md-men xoin thip nhung
nhiing loi ich nay dan dén viéc gia ting chi phi do nhiing kho
khin trong qué trinh gia cong ché tao. DAi véi cac bai toan toi
wu dong co PMSM, cac phuong phap téi wu thuong gap kho
khin khi bai toan t6i wu phai tinh toan véi nhiéu tham so.
Nhiéu bai bao tap trung nghién ctu cai thién cac phuong phap
t6i uu dong co PMSM. Trong cac bai bao [5-8] nhém tac gia
da dé xuat cac thuat toan va mé hinh két hop phuong phap toi
uu da dbi tugng (Multi objective optimization) nham giam
thiéu khéi luong tinh toan cac tham s, t6i uu hoa thiét ké
dong co PMSM. Bai bao [9] tAc gia dwa ra phuong phép tdi
uu héa dya trén phan tich anh hudéng caa séng hai trong dong
dién va phan bé mat d6 tir théng caa dong co PMSM gitip cai
thién hiéu suat dong co ddng thoi téi thiéu hoa dao dong
momen trong dong co tai tirng ving toc do. Trong [10], cac
tac gia dua ra phuong phép tdi uu thiét ké dong co SPMSM
st dung phuong phap bé mat phan hoi (Response surface
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methodology) va téi vu MOGA (Multi-objective genetic
algorithm) két hop phuong phéap phan tich phan tir hiru han 2
chiéu (2D-FEA). Nhom tac gia toi wu 2 bién anh huong 16n
nhat dén chat luong momen ciia dong co bao gdm do rong cia
rdnh m¢ stator (slot opening) va ti 1é d6 rong cua nam cham
trén 1 cyc (pole pitch) dé giam tac dong cia momen - cogging,
dao dong momen xoan va ton thét 15i trong dong co (core
loss). Trong bai bao [11], nhém tac gia trén ciing dé& xut
phuong 4n téi wu dong co SPM 12 slot - 10 pole sir dung
phuong phap téi wu Multi-objective optimization két hop mo
hinh mach tir twong duong cua dong co, phuong phap tdi wu
cai thién dang ké chat lugng momen cua dong co gitip giam
dao dong momen xoin (Torque ripple) tir 10.9Nm xuéng con
1.59Nm.

Pong co dong bd nam chdm vinh ctu bé mat (Surface
permanent magnet motor - SPM) duoc st dung nhiéu trong
thiét ké co cdu chip hanh théng minh (Smart actuator) cho
robot cong tac. Cac dong san pham robot cong tac cua hang
Universal Robot ciing st dung dong co SPM cho viéc thiét ké
cac co cau chap hanh théng minh [15]. Bdi véi dong co dong
b6 nam cham vinh ciru chim bén trong (Interior Permanent
Magnet Synchronous Motor - IPMSM) duoc sir dung nhiéu
trong cac (ng dung cho xe dién véi dai toc do 1am viéc 16n va
hiéu suat cao. Trén co s¢ cac nghién cau vé tdi uu dong co
ddng bo nam cham vinh ciru, nhém tac gia dé xuét thuat toén
t6i wu di truyén (GA) dé tdi uu hoa thiét ké dong co dong bo
nam cham vinh ctru bé mat (SPM) cho wng dung cho khép
canh tay robot cong téc. Thiét ké t6i uwu dwoc &p dung cho
dong co giup giam su dao ddng momen dau ra ciia dong co va
tang md-men trung binh déng co vai cung mot khéng gian
kich thudc bao caa déng co.

2. Thiét ké dong co co sé cho irng dung khép
canh tay robot cfng tac

2.1. Yéu cau thiét ké dong co

Véi dac tinh cua robot canh tay ndi chung, dong co nam chdm

vinh ctru dang bé mat (SPMSM) thuong duoc lya chon st

dung. Dong co SPMSM dugc d8é xuét trong bai b4o duoc phat
trién cho robot cong tac c6 cau hinh 6 bac tu do, tai trong 5kg.

R,

b v\\
M
Hinh 1: Binh nghia cac khdp cua cobot cong tac (hinh anh robot céng tac
URS5 — Universal robot)
Yéu cau veé toc do, mé-men va cong suat dong co duoc tinh
toan tir bai toan dong hoc, dong luc hoc cua robot cong tac.

Vi tinh toén tai cho khép BASE, yéu ciu ky thuat cho dong
co khap robot cong tac duogc liét ké trong bang 1.

Bang 1: Thong sb yéu cau ciu thiét ké cua dong co

Théng sb Gia tri
Cbng suét dau ra dinh mirc 300 (W)
(Pmec)
Toc do(%nh murc 2000 (rpm)
Téc d((r)] Ior)1 nhat 3000 (rpm)
M6-men dinh mirc
1 1.6 (Nm
i (Nm)
Hiéu sua(tn()hnh murc 86 (%)

2.2. Thiét ké déng co co sé cho khép robot cong tac

Tir yéu cau thiét ké dong co, khong gian kich thudc caa dong
co duoc tinh toan dya trén cac phuong trinh dién tur theo tai
liéu tham khao [12].
P... =MEI (@)

Trong d6, m 1a s6 pha ctia dong co, E 1a gia tri hiéu dung sut
dién dong cam tng, I 14 gié tri hiéu dung dong dién pha trong
dong co. Gia tri suét dién dong cam wng cua dong co dugc
tinh toan theo gia tri tir thong lién két @ trong dong co, gia

tri hiéu dung suat dién dong cam g trong dong co:
1
E=— N®D 2
\/Ea)kw m
Trong d6 o la téc d6 dinh muc cua dong co, k, 1a hé s6 day

quén, N 1a téng sb vong day trong 1 pha.
Thay phuong trinh (2) vao (1) ta dugc:

P = mia)NkW@ml - iwkwcpm ArD
J2 2 2
1 AzD

D
=—2pank, — B, ——
'\/E pﬂ w2p ) 2

7Z'2

2
Phuong trinh duong kinh stator dong co duoc tinh todn dya
theo phuong trinh:

2P P
D, =3/ m— =5/ e (3)
7K,AB;En  \C &N
Trong d6 D,,| 1a cac gia tri dwong kinh stator va chiéu dai

dong co; A By, Kk, 12 gid tri mat ¢ dong dién, mat do tir théng
tai khe ho khong khi va hé sb day quéan cua dong co; n 1a toc

2
k,AB,D?l.n = ”7 k,AB,D%n=C,_ D%n

. I .

do dinh muac. Heé so ti lé §=H la tham s6 duoc lua chon

S
trong tinh toan khong gian kich thudc cho dong co. Hé s6
C...c thé hién mat d¢ tir thdng va mat do dong dién cua dong
CO' r N r r r
V6i thong so yéu cau thict ke dong co tir bang 1, cac tham so
dau vao duoc lua chon dé tinh toan khong gian kich thudc co
so cho dong co dap tng yéu cau thiét ké. Nhom tac gia lya
chonhésbtile £=0.46 vah¢sd C,.. =68.[12]
Tir céc hé 6 dau vao va phuong trinh (3), khong gian kich
thuéc cua dong co dugc dua ra theo bang 2 dam bdo thong so
ki thuat dau vao cua dong co. [15]
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Bang 2: Thong s6 khong gian kich thudc co ban cua dong co

Thong s6 Gia tri
Puong kinh ngoai stator
(Do) 104 (mm)
Chiéu de(lll)dong co 31 (mm)
DPuong kinh trong stator 66 (mm)
(Dy)
Do rong khe hg khong khi 1 (mm)
(Hg)

Hinh 2: Pong co co so dugc thit ké
Dong co 12 ranh - 10 cuc SPMSM da thiét ké duge md phong,
danh gia bang phuong phap phan tu hitu han trén pham meém
JMAG. Céc tham s6 dong co dugc thé hién trén hinh 3.

Hinh 3: M3t cit dong co va cac tham sb kich thuée dong co

Cac tham s cua doéng co SPMSM 12 ranh -10 cuc dugc thiét
ké chinh la cac tham s ban du cho bai toén téi uu dong co.
Viéc tinh toan co s& chi dua ra dugc mot vai tham sd, cac tham
s6 con lai duoc lya chon va liét ké trong bang 3. Cac két qua
mo phong dugc thé hién trong bang 4.

Pong co duoc xay dung vai 12 tham sb kich thudc, gom co
céc tham s kich thudc cua stator, rotor, nam cham va khe ho
khdng khi. Stator c6 7 tham sé kich thudc bao gom: duong
kinh ngoai stator (Do), duong kinh trong stator (Ds), d6 rong
ring stator (Bg), d6 ma rénh (Bo,), chidu sau ranh (Hs), do day
dé ranh (Hs1), goc dé ranh (Ha). Cac tham sé kich thuéc rotor
bao gom: duong kinh trong rotor (D1), chiéu cao phan chan
nam cham (My). Céc tham s6 vé nam cham bao gom: d¢ day
nam cham (Mg1), chiéu rong nam cham (Mgz). Tham s6 cudi
cuing la chiéu rong khe ho khéng khi (Hy).

Bang 3: Gia tri ban du cua tham sb dong co

Ky hi¢u Mo ta Pon vi Gia tri
Do Puong kinh ngoai stator mm 104
Ds Duong kinh trong stator mm 66
By Do rong rang stator mm 6
Stator B, D06 mé ranh mm 4
Hy Do day dé ranh mm 1
Hg, Chiéu sau ranh mm 16
Ha Goc dé ranh a6 0
D, Duong kinh trong rotor mm 30
Rotor Chiéu cao chin nam
M cham mm 0
Nam Mg Do day nam cham mm 2
cham Mgz Chiéu rong nam cham do 150
Airgap Hy Khe ho khong khi mm 1

Bang 4: Gia tri mod phong dong co co 6 tai téc do dinh mirc

Bién Giatri
Tbc dd dinh mic 2000 vong/pht
Momen dinh muc 1.6 Nm
Dong dién pha hiéu dung 11A
Cong suét dau vao 382w
Hiéu suat 87.9%
bién cam truc d-q (Ld=Lq) 0.16 mH

3. Toi wu dong co SPMSM cho ing dung khép
robot cOng tac

3.1. Téng quan Vvé tbi wu dong co sir dung thuat toan gen
di truyéen (GA)

Téi uu dong vai tro quan trong trong linh vuc thiét ké dong co
dién, dac biét vai cac dong co co yéu cau cdng nghé cao va
nhiéu tham sé nhu dong co cho xe may dién, 6 to dién, dong
co cho robot,... Duéi day 1a so dd cac budc thiét ké toi wu
trong dong co:

Optimization

Initial Desgin
- Muc tiéu t6i wu

- Cac bién can t8i wu
- Model dong co

- Gia tri t6i wu cla
céc bién
- Gid tri t6i wu cla
muc tiéu

Hinh 4: So db thiét ké ti uwu dong co dién
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Thiét ké t6i wu dong co gdm hai budc:
e Budc 1: Thiét ké co so
Mot cdu hinh dong co co sé dugc thiét ké sao cho
dam bao cac yéu cau co ban vé dic tinh. Céc thong
s6 dong co tai thiét ké co s 1a didu kién ban dau
trong bai toan téi wu. Sau budc nay, ngudi thiét ké
can xéc dinh rd:; Cac bién tbi wu; muc tiéu tdi vu va
md hinh t4i wu.
e Budc 2: Tién hanh ti wu
Vi cac bién tdi wu, muc tiéu tdi vu, mé hinh téi wu
va cac diéu kién ban dau trong budc 1. Nguoi thiét
ké tién hanh t6i wu dé tim dwoc c4u hinh dong co tét
nhét.
Dong co cho tng dung khdp canh tay robot cong tic doi hoi
nhiéu yéu cau khat khe vé ky thuat, d6 1a mat d6 cong sut
cao, mat d6 md-men 16n, trong lwong nhé ddng thoi do dao
dong moé-men can téi thiéu héa nham gidp robot di chuyén
muot ma va dap ung dong hoc tét. C6 hai 16p thuat toan ti
wu chinh. Thir nhat 1a thuét toan tdi vu duva trén gradient voi
cac thuat toan dién hinh nhuv Gradient, Newton - Raphson,
quasi Newton, Gauss Newton,... Thir hai la 16p cac thuat toan
tdi wu hién dai véi cac thuat toan téi wu GA, ED, DEA,
PSO,... Cac thuat toan dua trén gradient duoc phét trién sém
va dang duoc ung dung rong réi. Tuy vay, diém bat loi cua
I6p thuat toan dya trén gradient 1a chdng ta can c6 thong tin
gradient cuia ham muc tiéu. Néu ham muyc tiéu 12 ham khong
kha vi hozc 1a ham khong & (nhw mé hinh FEM trong t6i uu
dong co) thi khong thé lay théng tin vé gradient. Hon nira,
thuat toan gradient 1a thuat toan tim kiém téi uu cuc b, trong
khi chang ta luén muébn tim kiém diém téi wu toan cuc. Lop
cac thuit toan hién dai giai quyét dugc cac van dé trén khi
chdng khéng can thdng tin dang ham muc tiéu (chi can biét
dau vao - dau ra) va lubn tim kiém duoc diém tdi wu toan cuc.
Pong co dién PMSM la md hinh phic tap va phi tuyén. Bé
danh gia can k& va chinh xac céc théng sé dong co, chung ta
thuong st dung md phong phan tir hitu han (FEM). Do dé,
céc thuat toan toi wu hién dai dwoc sir dung trong ti wu dong
co dién [14]. Cu thé, thuat toan duoc sir dung phd bién 12 thi
wu gen di truyén (GA). Luu dd hinh 5 thé hién cac budc trong
thuat toan GA dé tim ra diém tdi vu.

3.2. Muc tiéu tdi wu, bién téi wu va rang budc
3.2.1. Muc tiéu téi wu

Dé dam bao sy dap wng nhanh va chinh xéc cua robot, dong
co can dat mat d6 md-men xodn I6n. Mat khéc, dong co cho
g dung khdp robot cong tac doi hoi yéu cau cao vé chat
lwong mo-men dé robot c6 thé hoat dong bén bi va tron tru.
Do d6, dam bao su dao dong mb-men nhé cho dong co cling
rat quan trong. Trong cong b nay, nhém tac gia thuc hién téi
wu dong thoi hai muc tiéu trén: toi da hoa kha nang sinh mo-
men va t6i thiéu hoa d6 dao dong md-men. Do dao dong mo-
men trong dong co bi tac dong boi hai thanh phan: mo-men
“cogging” va mé-men “ripple”. Mdé-men “cogging” la md
men xoin khong ddng déu do su tuong tac tir truong giira nam
ch@m vinh ctru trén rotor va rang stator. M6-men “ripple” la
mo men xoin khong ddng déu do sy léch pha giita dang séng
dién &p cam ung nguoc (back-emf) va dang song dong dién
pha [13]. Hai hién twong lam giam hiéu suat, giam d6 muot
ma, tang rung dong va tiéng dn trong qua trinh 1am viéc cua
dong co. Trong IMAG, mé men tic thoi dugc tinh toén tai

nhiéu thoi diém trong khoang thoi gian mot chu ky dién. Tap
hop lién tiép cac mo-men tic thoi, ching ta c6 di liéu va hinh
anh vé md-men dong co (hinh 6), tir d6 nguoi thiét ké co thé
danh gia chét lwong mé-men cia dong co.

Bét dau: dat van dé

!

Tao quan thé ban dau

v

Danh gid quan thé (fitness)

Chon loc (Selection)

!

Sinh san (Crossover)

!

Dot bign (Mutation)

et

|
|
|
|
|
]
|
|
|
4:_
|
|
|
|
|
|
|
|

Danh gid quan thé (fitness)

Qua trinh GA
taoraquan
thé méi

Thdéa man diéu kién?

Hinh 5: Luu d6 thuat toén gen di truyén (GA)

Torque

o T T T T T 1
0 0.001 0.002 0.003 0.004 0.005 0.006
Time, s

Hinh 6: M&-men tuc thoi caa dong co trong mét chu ky dién

Mo6-men dong co 1a muc tiéu toi wu hda trong bai bao nay
chinh la md-men trung binh cua cac mé-men tic thoi trong
mét chu ky dién, tén bién ctia md-men trung binh dong co 1a
Tave [3]

:T1+T2;L...+Ti @)
V6i T,,T,,..., T, 1a cac mo-men tuc thoi tai céc thoi diém. Do
dao d6ng md men duoc tinh toan theo ty I8¢ gitra hiéu sé gitra

T

ave
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mo6 men tirc thoi 16n nhit va md men tic thoi nho nhét cho
gié tri md men trung binh (phuong trinh (5)). Trong nghién
clru nay, gié tri dao dong moé men dugc trich xuat tir dit liéu
md men tuc thoi cia dong co trong mét chu ky dién vai tén
bién T, [4]
T, = T =Toin 90004 (5)
T

ave
3.2.2. Bién tbi wu

M6-men ddng co bi anh huéng boi nhidu yéu té. Cac yéu td
quan trong nhat can ké dén d6 1a kich thudc dong co (chiéu
dai, dudng kinh dong co); khe ho khéng khi; bién dang nam
cham; do rong rang va chiéu sau rénh stator. Vi chiéu dai va
duong kinh dong co, bai bao gitr nguyén vai kich thude co
ban, muc tiéu 12 t5i da hda mé-men trong mot khong gian kich
thudc bao khong ddi. Vai khe ha khong khi, khi khe ho khéng
khi cang nhé, mb-men sinh ra cang I6n. Tuy nhién, khe ho

khéng khi khong thé qua nho do gidi han vé kha ning gia cong.

Trong cong bd nay, d6 rong khe ha khong khi dwoc ¢ dinh
gi4 tri 12 Imm. Po dao dong md-men bi anh huong bai hau
hét cac tham sé dac biét 1a cac tham sb lién quan dén bién
dang rang, ranh va bién dang nam cham.

Bing 5: Bién ti uu

L Khoang t6i wu
Bién t0i wu - .
Gia tri nho nhat Gia tri 16n nhat
By (mm) 4 10
B, (mm) 2 9
Hs (mm) 0.5 2
Hs> (mm) 8 18
Ha (d9) 0 40
Mg; (mm) 1 5
Mg (°E) 90 160
M (mm) 0 5

Tong hop cac bién téi wu trong bai toan duogc thé hién trong
bang 5. Gia tri ban dau va gia tri bién cua céc bién dugc thé
hién trong bang 5.

Luu y: Chiéu rong nam cham (Mg2) duoc quy d6i vé do rong
theo goc dién (°E). Chiéu rong téi da cua nam cham la 180°E,
trong tng khi nam cham rong bao tram hét mot cuc cua dong
co (hinh 7). Vét liéu nam chdm dwoc sir dung la N35UH, véi
vat liéu nam cham nay cho phép nhiét do 1am viéc cao nhat
180°C .

Nam chdm

L4 thép
Rotor

Hinh 7: Nam cham khi dat chiéu rong 180°E

3.2.3. Rang bujc

a) Rang bugc dién tich ranh
Trong bai toan téi wu nay, cac thong sb kich thudce ring va
rinh thay ddi c6 thé dan dén dién tich ranh chua day quan to
ra hodc nho bat. Tuy vay, dién tich rdnh phai cé gia tri can
dudi do sé lwong day quan trong mot ranh da dwoc ¢b dinh.
Néu dién tich ranh quan day qua nho, day quan s& khong thé
di qua. Diéu kién rang budc dién tich ranh dugc tinh toan theo
diéu kién rang bugc caa mat o dong dién [12]. Do d6, rang
bugc trong bai toan téi uu la:

S, = l; J <65

J
=1.69<S, )
Sslot_total = ﬂ
O

= Sslol_total > 116 (mm2)
Trong d6 S, 1a gia tri di¢n tich 1 day dan, Nc 1a s6 day dan
trong 1 ranh, véi cach quin day thiét ké cho dong co sé day
dan trong mdi ranh 12 24. o 1a hé s6 lap day cua day dan trong
1 rénh, dya theo tai liéu [12] nhdm tac gia chon hé sb lap day
140.4. J la mat @6 dong dién trong 1 day dan, khoang gia tri
mat d6 dong dién duogc tinh toén theo tai liéu tham khao [12],
I 1a gia tri hiéu dung dong dién pha.

8

Single Entity | Clear

@EEEan

Face:
Area: 93.7295871341746

S —

Hinh 8: Dién tich mot ntra cua ranh
b) Rang bugc dién dp dau vao
Dé dam bao dic tinh téc d6 dong co, do 16n cua dién &p cam
ung nguoc (Back EMF) khong duoc vuot qué gidi han dién
4p mot chiéu cap cho dong co (Vdc). Can rang budc gié tri
dién &p cam tmg nguoc tai tdc do 16n nhat (3000 rpm) khéng
vuot qua gié tri dién &p cap. V&i phuong phap didu ché PWM,
dién &4p mot chiéu cip vao dong co 1a 48V, dién &p pha lén
nhat cua dong co la:

Vv 8os~220v) (@

phase_ peak _max

545

Trong d6, « 13 hé s6 diéu ché, rang bugc cua bai toan la:
\Y, -22<0 (8)

phase _ peak
4. Két qua

4.1. Két qua toi wu

Vi sb lwong quan thé trong bai toan tbi wu 1a 50, tong s6
lugng cé thé trong tat ca cac quan thé 1a 2506 tuong ng Voi
2506 c4u hinh dong co khac nhau da dugc mé phong va phan
tich (mdi ca thé tuong tng véi mot Case). Két qua t6i wu hai
muc tiéu duogc thé hién hinh 9.
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Hinh 9: Két qua hai ham muyc tiéu T,

va T, cua bai toan téi uu

Sau qua trinh téi uru hoa, ¢6 nhitng cAu hinh do dao dong mo-
men gidm Xxuong dusi 1%, mo-men trung binh 16n nhat c6 the
Ien den 2Nm. Thuat toan toi wu giup tang m6-men trung binh
va giam dang ké do dao dong md men. Ket qua cua bai toan
toi wu da muc tiéu 13 duong Pareto mau do trong hinh 9. Cu
thé, hai myc tiéu: Téi thiéu héa T, va téi da hoa T, 6 su
mau thudn véi nhau: Bé T,
tang thi T
tri trén dudng Pareto déu c6 thé dugc chap nhan va tly thuge
vao nguoi thiét ké lya chon.

giam thi T,

ciing phai giam va

nguoc lai, dé T,

ve cling phai tang. Do d0, cac gia

T_rip vs Case

0 500 1000 1500 2000 2500
Case
Hinh 10: Sy thay ddi cua muc tiéu T,,, khi tién hanh ti uu
Hinh 10 va 11 thé hién rd hon sy thay d6i cua cac ham muyc
tieu T, va T, trong qué trinh t6i wu. Ta c6 thé thdy, thuat

toan tdi wu gitp tim dugc cac cau hinh ¢6 do dao dong mo-
men giam dan va md-men trung binh ting dan. Bén canh do,
thuét toan cling dam bao céc rang budc dugc thoa man.

Hinh 12 va 13 thé hién sy thay ddi cua cac rang budc khi tién
hanh téi wu. Tai thoi diém bt dau tdi wu, cac ciu hinh dong
co chua hoan toan dam bao cac rang budc. Tuy vay, theo tién
trinh t8i wu, thuét toan tim dwoc cac cau hinh théa man cac
rang budc, ddng thoi dap tng muc tiéu t6i wu.

T_ave vs Case

o
8

1000 1500 2000 2500
Case

Hinh 11: Sy thay di ciia muc tiéu T, khi tién hanh t6i uu

Rang bugc dién tich rdnh theo Case

Rang buge dién tich ranh (mm2}

Case
Hinh 12: Sy thay ddi rang bugc dién tich ranh khi tién hanh ti uu

Rang budc dién ap theo Case

Rang hugc digénap (V)

Case

Hinh 13: Su thay déi rang budc dién ap khi tién hanh tbi wu
4.2. So sanh ddng co tdi wu va dong co co ban

Qua qué trinh téi wu, céu hinh dong co t6i wu duoc chon va
thé hién trong hinh 14. Bang 6 thé hién sy thay d6i cac tham
s6 dong co trudc va sau toi wu. Ngoai trir bién Hsy, cac bién
t6i wu déu thay dbi so vai gia tri ban dau.
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Hinh 14: Hinh anh dong co sau téi uu

Béng 6: CAc gia tri bién t5i uu va muc tiéu t6i uu

Tham sb Gia tri ban dau Gia tri t6i wu
By (mm) 6 8
B, (mm) 4 6.5
Hg (mm) 1 1
. Hs, (mm) 16 15
Bién toi uu
Ha (d0) 0 14
Mg (mm) 2 3
Mg (E) 150 130
M, (mm) 0 2
Muc tiéu Toip (%) 14.68 2.15
t6i uu Tae (NM) 161 181

Pong co sau tdi wu c6 mé-men duoc cai thién dang ké vé chat
lwong véi mo-men dao dong giam tir 14.68% xudng con
2.15%; md-men trung binh tang tir 1.61Nm 1én 1.81Nm. Hinh
15 thé hién hinh anh md-men cua dong co co so va dong co

t61 wu trong mot chu ki dién.

13

18 e AN T N e T N —

17

16
E
215

g
2
<13

12

11

50

Mé-men déng co co s& va dong co tdi vu

B6ng co téi uu

150 200 250
Goc (do dign)

Déngco co s&

300 350

Hinh 15: Mé-men déng co co s6 va dong co t6i uu

5. MB® hinh ddng co thue té

5.1. Pong co thuc té

Duya trén két qua ti wu, nhom nghién ciru da ché tao nguyén
mau dong co SPMSM cho khép robot cong téc. M6 hinh dong

co duoc ché tao theo dang dong co khdng khung vé bao gom:
Stator, rotor va b ga chay thur nghiém déng co nhu trong hinh
16. Céc két qua chay thir nghiém dong co dugc phan tich va
so sanh véi két qua md phong.

Hinh 17: Lép rap dong co hoan chinh

Pong co duoc lap dit va tha nghiém trén hé Dynamometer
HD-715 ciaa Magtrol. Hé théng thar nghiém dugc van hanh tai
Phong thi nghiém Dién tir thuge Vién Khoa hoc va Cong Nghé
Viét Nam - Han Qudc.

Hé phan tich cong suat
B

Hinh 18: Nguyén miu dong co SPMSM trén hé thdng thir nghiém
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5.2. Két qua chay thuc nghiém

Hé thtt nghiém Dynamometer HD-715 c6 kha nang tao tai,
doc va hién thi tic thoi cac thong sb: mo-men, dién &p, dong
dién, cong suat dau vao, cong suat dau ra va hiéu suat. Tuy
vay, kha ning do tirc thoi md-men cua thiét bi chwa di nhanh
dé thé hién duong mé-men theo thoi gian trong mot chu ky
dién. Nhdm nghién cuiu thuc hién cac do dac va so sanh cac
thong sé vé dang song dién &p cam tng, md-men trung binh,
dong dién va hiéu suat. Hinh 19 so sanh bién dang dién &p
cam 1ng tai ciing mot toc do gitra nguyén mau dong co thyuc
té va dong co md phong. Ta cd thé thay, khdng cd su khac biét
dang ké vé hinh dang va bién d¢ giira hai dang song.

Dién ap cam (rng trong 1/2 chu ki tai 499rpm

Dién dp (V)

0 6 12 18 24 30 26 42 48 54 60 66 72 78 84 90 96 102108114120126132138144150156162168174180
G6c dign

Thre té M8 phéng téi uu M6 phang co s&

Hinh 19: Bién &p cam Gng trong ¥ chu ky dién tai tdc do 499 rpm

Hinh 20, hinh 21 thé hién két qua do thong sb du ra dong co
va két qua do dong dién pha dong co trén may hién song tai
diém lam viéc dinh mirc véi tbe do 2000 vong/phit va momen
1.6Nm. Théng sb do chay kiém nghiém dong co tai diém lam
viéc dinh mirc dwgc so séanh vai két qua mé phong thé hién
trong bang 7.

Hinh 20: Két qua do thong sé du ra dong co tai diém dinh mirc
o=@

Y - .|

Sampling Points
20 Ms/s 10000000

Recording time Mode

B

sing files. 6/28/2024 6/28/2024
~
. @Wﬂimﬂﬂéi i 10:41:20

ﬁ g

Hinh 21: Két qua do dong dién tai diém lam viéc dinh murc

Bang 7: So sanh céc thong sb tai diém lam viéc dinh mirc

Dong di¢n pha Cong suat dau

Céc truong hop \ Hiéu suit
thyc nghiém r(m; 21\7\/0) (%)

Mom | e | Mo | ThC | g | Thue | g | Thuc
en do phong nghi¢ phong nghi¢ phong nghi¢

(Nm) (v/p ) m m m

1.6 2000 10.1 10.5 376 385 89.3 87.4

18 2000 115 117 425 432.6 88.9 87.15

Pong co thyc nghiém dugc gia cdng ché tao dam bao khdng
gian kich thudc gidng véi mé hinh dong co duoc thiét ké toi
wu. Cac két qua do duoc tir thuc nghiém cho thay tai diém 1am
viéc dinh muc cua dong co (tai diém mo-men 1.6 Nm va téc
d6 2000 v/p), cac gia tri dong dién va cong suat dau vao cua
déng co thuc nghiém lén hon so vai tinh toan trong mé phong.
Su sai khéc giira két qua thuc nghiém va két qua md phong
mot phan do ton thét co khi cta ca hé do, tuy nhién nhu tong
hop ¢ bang 7, su sai léch giira két qua thuc nghiém va két qua
mod phong khong 1én.

6. Kétluin

Cong b da trinh bay qua trinh thiét ké, t6i wu dong co cho
tng dung khép robot cong tac. Cau hinh dong co thudc loai
SPMSM khéng khung vé. Thuat toén téi wu giup ting mat do
mo-men va giam dang ké dao dong moé-men trong dong co.
Céu hinh dong co t6i wu d6 da dugc nhém nghién ciu gia
cong, ché tao nguyén mau thanh céng. Két qua kiém nghiém
nguyén mau cho thay céc théng sb ky thuat cua dong co
nguyén mau khong sai khac dang ké voi dong co tbi wu trong
mod phong. Tir d6 cho thay, dong co dugc nhdm nghién ciu
thiét ké hoan toan c6 thé &p dung vao thuc tién cho tng dung
khaop cénh tay robot.
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