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TOM TAT

Dong co dong b nam cham vinh ciu (Permanent Magnet Synchronous
Motor - PMSM) stt dung nam cham vinh c(fu nén ¢6 khdi lugng nhé, moémen quan
tinh thap gidp cho dap ting mdmen nhanh han, cutng dd tir trudng |on, thé tich
gidm nén PMSM c6 hiéu sudt cao giam chi phi va kich thudc bién tan. Ngoai ra,
rotor PMSM khang sinh nhiét, gidip qud trinh tan nhiét trong dong co tot han, mot
50 PMSM dugc thém mdmen tir trg trong dai diéu khién gidm tir thong nén ¢4 déi
cong sudt rong. Bai bao nay tap trung nghién c(iu giai phap thiét ké bo bién tan
cho hé truyén ddng toc do cao dung dong co PMSM gdm cac ndi dung: Cau tric
bién tan, gidi phap diéu ché, danh gia chat lugng dién ap, phan tich lva chon phéan
cling, danh gid ton hao va hiéu nang ca bién tan khi lam viéc & tan s6 cao.

Tirkhoa: Dong ca dong bo, PMSM, bién tdn, truyén dong dién tdc g cao.

ABSTRACT

Permanent Magnet Synchronous Motor (PMSM) uses permanent magnets,
s0 it has small mass, low moment of inertia for faster torque response, large
magnetic field strength, and reduced volume, so PMSM has high performance
reduces the cost and size of the inverter. In addition, the PMSM rotor does not
generate heat, which helps to dissipate heat in the motor better, some PMSMs
have added reluctance torque in the flux reduction control range, so they have a
wide power range. This paper focuses on researching solutions to design inverters
for high-speed electric driver system using PMSM motors, including the following
contents: Inverter structure, modulation solutions, voltage quality assessment,
analysis and selection. hardware selection, loss assessment and inverter
performance when working at high frequency.

Keywords: Synchronous motor, PMSM, inverter, high speed electric driver.
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Nguyén Puc Quang™”
Uy vV Dién ap hiéu dung day
Usa vV Dién ap tuc thoi pha A
Usp \ bién ap tuc thoi pha B
Usc vV Dién 4p tuc thoi pha C
Vi v Dién ap nguén mét chiéu dau vao
Ve v Dién ap mot chiéu trén tu loc ngudn
Z, Q T6ng tré tai pha A
Z Q T6ng trg tai pha B
Z Q Téng tré tai pha C
® Rad/s | Tan s6 gbc
Mc Nm M6 men can dat [én truc déng co
n v/p T6c do déng co
1.DAT VAN PE

Cac Uing dung truyén dong dién da dugc ap dung trén
toan thé gidi trong nhiéu linh vuc khac nhau nhu: Hé théng
truyén déng dién cong nghiép, may san xuat, robot céng
nghiép, giao théng van tai. Hién nay, cing vdi su phat trién
cla ky thuat vi xtr ly, may tinh, va ky thuat dién td, dién tu
cbng suat. Truyén dong dién t6c do cao dugc trién khai ing
dung va ngay cang phat trién nhu trong mot sé linh vuc xe
dién, xubng may téc dé cao, phuang tién bay chay dién, may
litam lanh..., dat ra nhiéu van dé can phai nghién cuu, thiét
k&, nang cao chat lugng va hiéu nang clia cac bo bién déi.

Hé théng truyén dong dién dugc cau thanh bai hai thanh
phan chinh: B& chuyén déi dién ti cdng suat va may dién.
Trong bai bdo nay, tac gia trinh bay gii phap diéu khién va
thiét ké bién tan cho hé truyén dong dién téc d6 cao sirdung
doéng co déng boé nam cham vinh cliu (Permanent Magnet
Synchronous Motor - PMSM), tap trung vao cac ndi dung
chinh bao gém: Dic diém clia dong ca PMSM, phuang phap
diéu khién PMSM, cau truc bién tan cho hé PMSM téc d6 cao,
giai phap diéu ché inverter ddong bo PWM, tinh toan thiét ké
mach van va tinh toan tén hao, hiéu ndng ctia bd bién ddi
khi lam viéc & tan sé cao.
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2. NOI DUNG NGHIEN CUU

2.1. Péng co dong bé nam cham vinh ctu (Permanent
Magnet Synchronous Motor)

- PMSM st dung nam cham vinh ciu nén cé khai lugng
nho, mémen quan tinh thap giup cho dap tng moémen
nhanh hon.

- Cudng do tu trudng 16n, thé tich gidm nén PMSM cé
hiéu suat cao han dong co dong bé kich tir bang cudn day
(Wound Field Synchronous Machine - WFSM) va déng co
khong déng bé (Induction Motor - IM), gidm chi phi va kich
thudc bién tan.

-Khéng c6 tén that déng & rotor, nén rotor PMSM khéng
sinh nhiét, gitp qua trinh tan nhiét trong déng co t6t hon.

- M6t s6 PMSM dugc thém mémen ti trd trong dai diéu
khién gidm tir thong nén cé dai cong suat rong.

2.2. Phuong phap diéu khién Vector dong co PMSM

Tu tudng clia phuong phap diéu khién vector xuat phat
tU nguyén ly diéu khién ctia dong co dién mot chiéu (Direct
Current - DC). Pong co dién DC c6 dic tinh diéu khién don
gidn, tU thong dugc sinh ra bdi dong dién kich tir va mémen
dugc sinh ra nhd dong dién phan (ng clia dong co. Hai dong
dién nay la doc 1ap va c6 thé diéu khién dé dang, do d6 ta c6
thé diéu khién doc lap ti théng va mémen clia déng co.

- Cong thuc chuyén déi Clarke biéu dién vector dong
dién stator i; gdém i, iy, ic trong hé toa d6 stato r c6 dinha-b
-c thanh mét vector gobm hai thanh phan xoay chiéu iq, ig
trong hé toa do truc giao diing yén a-f3, truc a trung vdéi truc
day quén pha a ctia déng co.

+ Hai dong dién i, ig 1a hai dong dién xoay chiéu hinh sin.

o
| 2 2 2|
] 3] V3 B

0 — — i

2 2

- Cong thic chuyén déi Park

+ Vector dong dién trong hé toa dé a-f la vector van
quay vdi tan sé goc cla tu trudng quay stator, vi vay, dong
dién iq, ig la cac dong xoay chiéu.

+ bé dan gian trong diéu khién, cac dong dién xoay chiéu
nay dugc biéu dién thanh hai dong dién mot chiéu iy, iq.

ig | [ cos® sin® i |
iq | =sin® cosB iﬁ_

b Pgl-mmmmfa- i

¢

Hinh 1. Vector dong dién stator trén hai hé toa dd co dinh stator va a-
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Hinh 2. Vector dong dién stator trén hé toa do cd dinh a-p va hé toa do quay
d-q
2.3. Truyén déng dién téc do6 cao

Cac tng dung truyén dong dién da dugc ting dung trong
nhiéu linh vuc khac nhau nhu: Hé théng truyén dong dién
céng nghiép, mdy san xuat, robot cdng nghiép, giao théng
van tai. Hién nay, cung véi su phat trién cda ky thuat vi xa ly,
may tinh, va ky thuat dién tu, dién t&r cdng suat. Truyén déng
dién téc do cao dat ra nhiéu van dé can phai nghién cdu, thiét
ké, nang cao chat lugng va hiéu nang ctia cac bd bién déi.

- Ung dung cla truyén déng dién téc dé cao: Hé truyén
dong dién téc d6 cao iing dung trén xe 6t6 dién.

Vidu:

+ Ot6 dién vinfast VF8: Thai gian tang t6c 0 - 100km/h: <
5,5s; Cong suat téi da: 300kW - 402hp; Mé-men xoan cuc dai:
640Nm

+ May ly tam lanh thé tich I6n ZK 496: T6c do ly tam t6i
da: 10.500 vong/phut; Luc ly tam téi da: 16,022 xg; Khoang
t6c d6: 200 - 10.500 vong/phut; Nguon dién: 230V, 50 - 60Hz;
Cong suat: 2,3kW.

Méto dién

B§ diéu khién dién tur
B4 ddi dién

B0 sac trén xe

Ac-quy phu

W | f ;

§1,.ﬂ
—
'\_ |

3 % L)

Hinh 4. May ly tam lanh thé tich I6n ZK 496
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Bang 1. Thong s6 0 t6 dién st dung dong co PMSM lam viéc & toc do cao

. Max. | Max.
STT|  Model | Type Dc(';;"k fi | speed P(m'
(Hz) | (r/min)
1 [Nissan Leaf (2012) | BEV 345 693 | 10.390 80
2 Ize;'f;)w"de' S0V gey |35 | am3 | - 193
3 | Chevy Vot (2016) | PHEV 430 800 | 12.000 180
4 | Cadillac (76 (2016) | PHEV | 360-430 | 667 - 215
5 | Toyota Prius (2016) | HEV 600 1133 - 162
6 |TeslaModel3(2017)| BEV | 375/400 | 900 | 18.000 192
7 | Nissan Leaf (2017) - 10.390 80
8 | BMWiX3 (2020) - - - | 15.000 210

Nguon: Electric Drive Technology Trends, Challenges, and Opportunities for
Future Electric Vehicles, Explore IEEE [7]

2.4. Giai phap thiét ké inverter tan sé cao

2.4.1. Kiéu bién tdn

C6 ba kién truc khac nhau dugc dua ra [5]:

- Bién tan nguon dién ap (VSI)

- Bién tan nguon dong (CSI) thudng chi dugc st dung
trong cac cai dat cong suat rat cao vi kha nang lam méo
dong dién thap hon

- Bién tan c6 diém kep trung tinh (NPC).

Ché d6 hoat dong ctia ba bd chuyén d8i co ban giéng
nhau: Nguén dién, dugc loc thich hgp dé tao thanh nguén
DC, dugc dua vao modt mach nghich luu dé tao ra cac dang
s6ng dau ra mong mudn. Tan sé clia bién tan sé quyét dinh
téc do déng co PMSM

Mljﬁ M2Jé

Wi =cw

a

M3J:

optional

M4J:<_—1 MSJE1 Mf;JE1

Hinh 5. So d6 nghich luu nguon ap

MIJI': MSJE ngé
-—% szni Mej»i MloJf:
P P

VTCD : % [ pmsm
K‘ M3JE ZF M7JE %X MIIJE
T MUE MSJE MlZJE

Hinh 6. So d6 nghich luu NPC
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Hinh 7. So d6 nghich luu ngudn dong CSI

Mbi so d6 c6 cac uu diém khac nhau, két qua va cac danh
gia chi tiét dugc trinh bay & cac nghién ctru khac. Tuy theo
muc tiéu st dung, tiéu chudn cda hé théng dé lua chon bo
bién d&i phu hop. Trong nghién cdiu nay, nhém nghién cuu
Iya chon cau trac bién tan ngudn ap VSI.

M, E MEJEZ' M7JE

2.4.2. Gidi phdp diéu ché vector

Cac phuong phap diéu ché gom: Phuong phap diéu ché
chuén, phuong phép diéu ché déng b, phuong phép diéu
ché ngau nhién. Giai phéap diéu ché sé anh hudng dén dang
dién ap, dong dién trén tai, tdng méo hai TDH, tén hao va
hiéu ndng cta bd bién d8i, ti€ng 6n cta hé théng khi van
hanh & toc dé cao. Trong pham vi bai bao nay, tac gia thuc
hién giai phap diéu ché Vector SVM diéu ché chuan, cac giai
phap diéu ché khac tac gid sé ti€p tuc phat trién trong cac
nghién ctu tiép theo.

- Cau trc bd nghich luu nguodn ap st dung phuong phap
diéu ché& SVM nhu sau:

i L Uy

Cic Vdc Vbe

G| Go | Ge|
Hinh 8. Cau tric bd nghich luu ngudn ap
- Quy udc trang thailogic 1 tuong Ung v&i van nhanh trén
ndi véi cyc duong, 0 van nhanh dugi néi véi cuc dm ngudn
1 chiéu.

Bang 2. Bang gia tri dién ap cac trang thai dong cat van

NO [Vandin |, u, , u, e |u

. | VVele |0 0 0 0 o o

i | Vel | 2By, B[R, [ Ve [0 [2/5.20

L |t [13Y, 1By, 237, [0 Ve | 2/3V,Z(z/3)

z V. VoV, | <13y, |23V, |-1BV, |-V, | V. |2/3V,.227/3)
u | VeVels | 2BV, 1By, 1By, [V, [0 273,z
A AR AR B
i | Veleli |1V [ 2BV, [ 1BV, Ve |V [ 2/adal3)
=7 |0 0 0 0 o o

U
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% SiC-MOSFET
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Hinh 12. Vling lam viéc cGia van Si-1GBT va SiC MOSFET [6]

| Sector3| | Sect0r2| | Sector 4 ‘ | Sector 1 | | Sector 5 | | Sector 6 | Trong ngh|én clu néyl tén 56 PWM dén 10kHz nén chon
van la Si-IGBT.

2.4.4. Mé phong trén Matlab Simulink

Hinh 9. Thudt todn xac dinh vector dién ap dat trong moi sector
Ngoai ra phuong phap SVM, con c¢6 phuong phap

SinPWM c6 ham diéu ché dang hinh sin véi tan sé bang tan Thuc hién mé phéng theo phuang phéap diéu ché chuén
s6 dién 4p mong muén sau khi nghich luu, va ham diéu ché  [1] v6i s6 d6, mé hinh mé phdng nhu hinh 13, 14.
dugc so sanh véi sbng mang tam gidc can cé bién do6 tu ’7
_’I dén ’I Continuous
Tuy nhién, néu so sanh phuong phéap nay véi phuong poverg —

phap SVM, thi phuong phap SVM c6 nhiéu uu diém hon so

véi phuang phap SinPWM. Do d6, tac gid sé st dung phuong Ll
phap SVM dé tao cac xung chuyén mach cho cac van cda | ' '
mach nghich luu nguédn ap ba pha. bt b
A ﬁ vec T o—d ¢ e
|

Vsl
Converter

SWM

Hinh 13. S¢ d6 md phdng nghich luu ngudn ap bang Matlab Simulink

|
|
:
|
—>
| S
|
|
|
|
|

A di Anpha
B—p|B
»

C

Beta

A\ 4
D >

N A g R v A s Scaling1 Clarke_Uab xyz Calcuator
Hinh 10. Nguyén tac diéu ché vector dién p

2.4.3. Chon van céng sudt cho bé inverter @
@——-} >=0

sl /} sz )} SS/} u_a Scope5

Hinh 14. M@ hinh md phdng khdi lua chon sector
+ va O
—— :.‘ ] Vp -
N En e \‘\ ‘ u, \ i | i
N ‘u‘ il il ‘u HUHN
/ \ "!'HI“;J!;“W‘M “ ‘ 1\]“! |1|‘) "\ ‘\‘:“li‘ ‘M“““»
High power density High efficiency ".‘ J.‘M,‘ (| “‘v‘ { ‘ ”l‘.‘ (I “ \I’ ! ‘.\ ” “ \l“ ”,
A H‘HH‘\ ARRARRAR
‘ G HG-»JS}
Capacitance reduction Si-IGBT SiC-MOSFET
Hinh 11. Mach nghich lutu va van cong sut [6] Hinh 15. D thi dang dong dién pha & tan s6 653Hz
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Nhan xét: Phuong phap diéu ché chudn cho dap ung
dang dong dién xap xi hinh sin & tan s6 653Hz nhu phan tich
trén co s& ly thuyét.

‘ a r‘”ﬂ'>'n“.u"n“n‘u'rr'u'n‘t"l T M!"""‘U"N"l""l“l"I"'!'4 L
H ‘ N ‘\ "‘\H ‘ ‘\“ I “ ‘ H“"“\ MHM

- \|\\ \ i \“ Wt I
M 1|\|;M'HH1.“U”MHlm 'MN‘ \|' ul’n“u“u' M“ w‘1lw||\“7MH”““”‘"‘”" ”"”h"'“‘h'”'

h I ) add LAk

Hinh 16. D6 thi dang dong dién pha va nhiéu hai THD & tan s6 650Hz

Nhan xét: Téng nhiéu hai THD 14 6,42% vdi bo inverter |3
két qua tuong déi tot.

2.4.5. Tinh todn tén hao trén van

T6n hao trén van gém 2 loai: T6n hao dan Peong va tén
hao dong cat P,

PI = Pcond + Psw (1)
a) Tinh toan tén hao dan trén van IGBT

bién ap qua van IGBT dugc xac dinh theo phuong trinh
sau:

uCE (IC) CEO + r I (2)
V&i Uceo, rc dugc xac dinh tu datasheet cia van.
Cong suat tiéu tan qua van IGBT dugc xac dinh:

Pcr(t):uCE(t)i (£) = Ugg ic (1) + 102 (1) 3)
f Pa (4)
sw 0
1
= Uggo i (V) + 1o 2 (D)dt =uggy I, +1c 02
sw 0

Trong d6, lcay, lams 1a gid tri dong trung binh va gid tri dong
hiéu dung qua van IGBT.

- Tinh toan tén hao dan trén van diode

bién 4p qua van diode dugc xac dinh theo phuang trinh

sau:
up (i) =ug, + 1505 (5)

Cong suat tiéu tan qua van diode dugc xac dinh:

Po () = U (t)ds (1) = U, ip (1) + 1 2 (1) (6)
1 "
P = T_ _[ Pep (t)dt (7)
sw 0
1
== j Upg i (1) + 1.2 (D)dt =uy ol + 1 il
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Trong d6, Ipay, loms 1an luct la gia tri dong trung binh va
gid tri dong hiéu dung qua van diode.

Thoéng s6 tinh toan tén hao vdi ddng co 3 pha c6 cac
thong s6 tinh toan nhu bang 3.

Bang 3. Thong s6 dong co md phong

Tén thong s6 Gia tri Tén thong s6 Gia tri
I Upp = Tré khéng tuong L=23.10
Biéndp DC 400V duong cla dong co ‘H
Dién ap ddy dau ra U, =177V | Tanso dong cat fov=10kHz
Dong hiéudung daura | loms = 57,56A ::n S0 coban dién dp fo=650Hz
Hé s6 cdng sudt cta dong 050 =085 H? s diéu ché bién m, = 0,723
)] do
Xac dinh cac théng sé tu datasheet:
Ueeo = 1,3V
AU -
L :2,2 1’73:0,031(2
Al 30-15
Uy, =1,7V
AU 19T &y
=A% 25721 6570
Al,  30-15
T6n hao dan trén 1 van IGBT:
P - uCEO ICav +r ICrms
1 m,.cos® 1 m,.cos®
=Ugo g (—+—=——)+r L (—+—2—)
0T om 8 8 3n
=64,04(W)
T6n hao dan trén 1 van diode:
Peo = Upoloay +1p |2Drms
1 m,.cos® 1 m,.cos®
=Upydy (————— 1)+ L (- ———1)=22,11(W)
0 om 8 ! 3n

b) Tinh toan t6n hao déng cét trén van
- Gid tri DC tuong duong dugc tinh:

e =0 =220 =1 /2.57,56 = 25,91(A)
m°’ n m

Chon ty, = toe = 0,3s, ty,= 0,4 ps. T6n hao ddng cit
trén 1 van IGBT:

FE ), = U f

sw DD *"sw
2

P

swT

=E {t,, +t,.)=31,092(W)

onT

-Tén hao dong cét trén 1 van diode:

L€, +E,)f. z%.E f

swD =3 onD onD *"sw
2

=20,73(W)

¢) Tinh toan téng tén hao trén van

- Theo dinh luat bdo toan ning lugng, ta c6 téng tén
hao trén 1 van:

P =P .4 +P. =Pg+Pp+P,: +P.p

con

=137,97(W)

- Gia st tén hao trén cac van la nhu nhau, nhu vay téng
tén hao trén 6 van:

P, =6.P, =6.137,97 =827,82(W)
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2.4.6. Mé phdng xdc dinh tén hao trén phdn mém cia
hadng Fuji

Thiét Iap ki€u van va cac théng s6 moé phéng [8] nhu trén
hinh 17, 18.

F Fuji IGBT Simulator Ver 6.3.8 - o x
Language  Help
Module Selection Thermal Condition Single Mode Gycle Mode
Select Module Type
Series: Ceear | VCESV Clear Next
Circut Cear | ICIAl Clear
Clear Al

Module TMBP25RA120

Type TMBP25RA120
Series RIPM

Circuit 7-Pack IPM
VCES[V] 1200

IC[A] 25

Package P610

( Download Data Sheet )
Go to Fuji Web Site

Technical Infomation

]

Hinh 17. Lua chon van 7MBP25RA120

FS Fuji IGBT Simulator Ver 6.3.8 - o x
Language  Help
Module Selection Thermal Gondition _Single Mode _Gycle Mode

7MBP25RA120
Circuit Thermal Condition
Fixed Heatsink Temp. Tf 25 ¢

Calculate

<< Back

Detail Temperature Condition
Space Vector

Explanation
Swee;
3 pes o &

650 (H2)

57.56 (Arms)

10 (kH2)

Kl KB K
D1

0.723 T1
—lo

DC Link Voltage VDC 400 W Voo ==
T1RG(ON) [(0)] —°
T1RG(OFF) 1@
T2 RG(ON) @ OJ o—J OJK;}
T2RG(OFF) 1@

Al devices are

mountedonthe | ] 1 1 11 [

— e R R R R

Hinh 18. Lua chon ché d md phong

S Fuji IGBT Simulator Ver 63,8 Result002 - 0 X

TMBP25RA120

B8 72

136 39
y 132 34
70

Temperature("C)
nom o om s 3 5
70 ug T2RG(0n) 0 2064 40E4 6OE4_BOE4 0001 00012 00014 00016
ol S Timelsec]
=TT = TH01) ~ el

213 98
13 08 Loss Calbraton Factor
Tt —————T_ T

Te (peak 250
250

Temperature('C)
T (peak)

Temperature[deg.C]

02064 W0E4 60E4_ B0E4 0001 00012 00014 0001
Time[sec]

Save Image Data Export Close

Hinh 19. K&t qua md phdng tén hao tai tan s6 phét xung 10kHz

Ché d6 3 pha 2 muc Inverter: Phuong phap diéu ché
PWM (Diéu ché vector khong gian).
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Thong s6 mé phong: Tan sé co ban: 650Hz; Dong dién
dau ra: 57,56A; Tan s6 dong cat cta van: 10kHz; DC-link
Voltage: 400V

Két quéd mé phoéng tén hao trén phan mém cla hang Fuji
nhu thé hién trén hinh 19.

Tén hao trén 1 nhanh van: 123,3W.Téng tén hao trén cac
van: 739,5W tuang ung 4,93% téng cong suat. K&t qua mo
phdng trén phan mém, tén hao trén van la 739,5W, con két
qua tinh toan tén hao la 827,82W. K&t qua nay c6 thé do sai
s6 trong qua trinh xac dinh cac thong s6 ti datasheet cla
van, tuy nhién gia tri nay la pht hgp vai hé truyén dong bién
tan dong co.

3. KET LUAN

Bai bao da trinh bay nghién ctu vé giai phap thiét ké hé
truyén dong dién t6c d6 cao, linh vuc nghién ctu nay la nhu
cau can thiét va c6 nhiéu hudng phat trién trong tuong lai.
Trong d6, tac gia da hoan thanh cac nghién ciu vé giai phap
diéu khién déng co PMSM, giai phap thiét ké bién tdn ngudn
ap tan s6 dén 650Hz trén co s& ly thuyét chat ché va kiém
nghiém biang mé phéng dang dong dién, dién ap, nhiéu hai
dung Matlab Simulink, kiém nghiém danh gia tén that bang
phan mém cuta hang Fuji cho thdy t6n hao nam trong pham
vi gid tri cho phép, md& ra nhiéu co hoi cho cac nghién cdu
ti€p theo vé cai thién chat lugng, nang cao hiéu nang, giam
ti€ng 6n va gidi phap kiém soat ngudn cho cac nghién ctu
ti€p theo vé linh vuc diéu khién quan trong nay.
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