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MTPA control based on improved virtual injection method IPMSM

Ren Zhibin

(School of Electrical Engineering and Automation, Jiangxi University of Science and Technology.Ganzhou 341000, China)

Fang Fuliang Wu Yu Liu Qiang

Abstract: The MTPA control strategy of traditional virtual injection method IPMSM is proposed to solve the problem
of slow dynamic response due to the complex coordinate transformation process and the cascade of band-pass filter and
low-pass filter in signal processing. Firstly, in the virtual signal injection process, the high frequency signal is directly
injected into the id and iq obtained by sampling and filtering. which simplifies the complex root operation process.
Secondly, a new MTPA criterion formula is derived according to the improved virtual signal injection method. After
demodulation of the high frequency response signal, the optimal current vector angle is obtained through the low-pass
filter and integrator in turn. Finally, the effectiveness of the improved virtual injection method was verified by
simulation and the 8. 4 kW built-in PMSM experimental platform. The experimental results show that the improved
virtual injection method can effectively simplify the calculation, and still has strong robustness after eliminating the
cascade response. The loading experimental speed overshoot is only 3 r/min (0. 375%) , and the dynamic response time
is improved by about 0. 2 s.

Keywords: permanent magnet synchronous motor; maximum torque-current ratio; virtual injection method

51

A B 2Rk G [ 2 B ML Cinterior permanent magnet
synchronous motor, IPMSM) i T H: 7k # 1A 42 %% 78 7K 0 7]
A B HL I G T S L G I B T S X R S B s il R
Al O SRR BEL R AR ) 0 A5 S i R RO X R
SN B 2K G R 25 AL A5 2 0 =i G R 28 B HLAE L R
ASCELA Jil i 2 L, 38 1A 50 S0 T R B i BEL G . FE
F G PG 2 3 R GU AR R &R SR HLER 3 vh B

il

W H 99 :2024-07-30

FEAEHS . IPMSM 5 19 5% 45 4 68 75 L7 i Bl ey
IBAT IR AR REAR S5 AR E A 5 SZ AP EBHLAR T- 90 i T BUR G2 2k
T, I L IR 11 1 S8t 8 A R T LA SR T o R 4 L O
It (maximum torque per amperes MTPA) 5],
HHETHF5E MTPA = HI0 r ik £ 2 A . HEAXITH
A RIN LS BN R RILE, B RS
PRV S d — g B i ¢ R AT 4R L 4k, R 5
P, P ABE T R R M R PR O O R D T AR (A X
ML BRI . Feng S T —F 2k F2HH

* FEETH . HR A KIS (52167005 JLVEE HF TR H (GIJ2212240) % )

129 »



5 AT & v F o

T # K

PR AL T 2 WS M H BB MTPA f )%, i T #E
I P48 2R A o L o ABS S B R B OR A vy . SRR BL AL
$ B —FR o 8 4845 5 7 A (virtual signal injection, VSI)
AR ALY MTPA il 7 5, 7l DLk g {5 5 i At 7
2 9y A 00 D 5 0TS Sk 1R 25 L AR 5 Ak B By B A
RN, Yang F R IBE T AR LR WBE IR E
IPMSM (8 KRG S L I e B 7 s . R IS 4 i 17—
o g SRR 7 L AT A R T I O 1, RE B T R 59 R X IR
B B REG AR, AR BT AL S B A IR L ()R
B e R, P fe FHAS [) b L K A A [ o B ) K 30 28 o 0 2
TR . Liu 2509 5k A e/ 3 ik 5 B AL 2 B0 AT 70 45
B, SC B MTPA 5 . #2 & IPMSM T AE 8 %. Hao
Gk S N T e — B H B R RN TR
BRI 325 6] 0k S B R AT FE UL (o 45 Al BIL 1Y) P O O 1 i 2%
PFF /N LB SR . X4 4D B ) 56 B 8
Pk B TR A8 S /N AR B R B A 4k (NCOPSO) 553k 3 1%
AL SRRSO Al TR R L 2K
BT R VLB RS E, WANEAA WS M %
B BEPLAE A kY e BT S B MTPA B
PR, £ MTPA #2477 U5 5 4 #7947, 4 15
SEEUOTRR Y — B U AR 0 B R e R
SOGT HAH 38 18 % #4505 B T AH L ZE 3R L Bt 225 5 b 2
3 G50 R 12

AL IPMSM SRy 55 56 % 42, iF 58 5 H B 2 50K 31 1
G B4 15 G5 R 0 AT B2 — o R R L v Ak o O
W, a4k T & 2% 0 AR AR AR S ad AR L I A B3R L fR AL T (5 5
b B IRTT U8 A% A L AU e T TR R AR 5 T
T 918 VA IR A 1) B0 2 i AR P Y i) R

1 RERXK#ERFE S EY MTPA =4l

1.1 IPMSM By# &R

IPMSM #J2 — A~ 2 A8 i AR 4R B4R IR E A
RGN THET AP 8 R EIERES T, /T DL ST
TKRETR 2D AL d — q AR BT AR AR

. di, .
u, = Ri, + L, g*w‘,quq

di,
dr
K wyugigvi Lo L, R d g e R R
DI R N TR ¢, HKBERIEEE: o, HETHR
R,

IPMSM W) B BERH TR A

(D
u, =Ri,+ L,

+ (U(L,zl',z + a)y‘/lr

. PONEBIR AT T, WG,
1.2 MTPA A%
EXHERAREM B, AHESE FRBRENCRE

+ 130 -

X d — q Rl A A
i, = —1i,sinf ®
i, = i,cosf
ETHIW , W, M, mE 1R, g, iH
MTPA MFFPERT AT, B B FIFE 0°~45°Z Ja] .

i

' 43

1 dq et R b U R A E X

Fig. 1 Definition of current vector angle in dq axis
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Fig. 2 Relation between current angle and torque
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Fig. 3 Traditional virtual signal injection control block diagram
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Fig. 14 Improved virtual injection global waveform at variable speed
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