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Suppression of Torque Shock on Switching Driving Mode of 2-Stage Motor System
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Abstract : The 2-Stage motor system is a technology that can enhance the performance of electric vehicles by increasing the

power through the use of an open-end winding motor and a dual inverter system. It helps increase the available voltage size of

the motor based on the same battery voltage standard. 2-Stage refers to two driving modes, and it allows the use of closed-end

winding (CEW) mode and open-end winding (OEW) mode in one motor system using a switching switch. However, when the

mode is switched, the available voltage ellipse size changes rapidly by about 1.7 times. This causes a significant change in the

d-axis and g-axis current commands in the control area of the Interior permanent-magnet synchronous motor (IPMSM). As a

result, torque ripple can occur in the vehicle during mode switching, which can significantly degrade vehicle speed and driving

quality, and act as a factor of instability in mode switching. In this paper, variable modulation index control logic is proposed to

prevent torque shock during switching. The logic was developed to prevent the rapid change in current command caused by the

inverter's available voltage difference in the CEW < OEW

switching boundary area. In this study, we proposed linear logic

that can linearize the changes in the reference value of the voltage utilization ratio that determines the size of the voltage limit

ellipse. It was confirmed that the available voltage change in the switching area can be linearized, and the current change,

torque shock, and ripple were greatly improved. It is expected that the use of this control algorithm will alleviate the switching

shock of the 2-Stage motor system, thereby improving the driving quality of the EV powertrain.
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2. CONVENTIONAL CONTROL METHOD

2.1 Basic Theory of Open-End Winding
Induction Motor
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2.2 Basic Theory of Dual Inverter
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4. EXPERIMENTAL RESULTS

Inverter

PUMA

Load
Motor

Fig. 11. tholybx AJ g A<

Torque Transducer

Aoty Ea A WA
AZs] % AE AYe
TSR, x| &=
Abgsiglon ) o

22| e
(Fig. 113} %
400kW5  Tholypit
FRE S} FapgA] Alold] &
AEHE o]-g-3j Torque  Tr ansducert—__r
ARGl o] AlFAA Tholu R e
AoAGA = AFREJL FEEHE FE5/3 4

EIJE WE 4 A= 100kWgE 2-Stage

s

e £ o

I~
==

E3 w/10HzEE|
| S

VAR
@10Nm I\l

Dyno Speed
00 —+ 0 rpm

o Idsr_Ref |

=

|
|
|
-
v
|
@ T T |
7000rpm
@650V
|
BEATEE
- @10Nm A12]
&

ER

(b)
Fig. 12. (7] 24 dA3A EZ 2 A
(b)7HA MI Ao 22 A8A] £ 27 vy

a9 geFdt oA 2o g
Agst A5 E ofefol YEATE. (Fig. 14)+
650V Aol A 9000r /minol A Or/minn7}A] &%=
st Al Al 10Nm Ea AHEHS #HE w9
dlely Ayfelrt. AE%LHY Idsr AF A=,
Igsr A@H A5, tojuyr £x 9 NI,
Ed(w/ 1.5HzZE, 10Hz"E)o|t}. 7|& =Z o]
8% (Fig 14a)9] pk-pk EI £3IE HHY
4.6Nm= SAHEATE. SHARE 2 =iEoll Al AlIQkgh
24 xﬁ”l’\] (Fig. 14b)ollAl &1 4= l%o]
pk-pk B3 &7} 0.5MmE =& AL gelsk
ATk 7IEH wlaste] o 73%e] EA &

Y

52



40 2
8500 8000 7500 7000 6500 6000 5500 5000 4500 4000 3500 8500 800 7500 7000 6500 G000 5500 000 4500 4000 360
Spoed [pm) Speed [pm]

|
Torque (Nem]

Curront (4]
Current [4]

40
8500 B00D 7500 7000 6500 6000 5500 5000 4500 4000 3500
Speed [pm| Speed [pm]

M

Fig. 14. 650V OEW to CEW 23 (a)
7122 (b) 7FHMI Ao
Z A (MI_Trans_Hys = 0.665656, a =+/3)

5. 2E

Stage EE A|~E1¢] CEW
Ast A EF AIE
NI Alo] 248 Alts3itt.
widAe Mxd As(a)ot 9a%
Bl 2~H g A 2~ (M _Trans_Hys)E  ©]-&3}¢]
OEWE=ell Al A3k ee] 7H8 sk V&
APHoz AT F Ao Ao1715
AAEE oEH FAE AAE FEST.
Ao OEWe} CEWe]l dR/AH =7 2olE
Zo Ex &3Es 9 AEE THEUT.

A=

N

pu
.

K1 ol [

o
RS

o
-

AFAT Ae We] B4 xdE TAAZ
T S eI

oyk Adste]l ARSFE EA &d A7)
AA= Aol AR o= nHAALFF HMY
F2ES Y8 CEVE=ES Wol AMgsteE S
Zledel 5474 A% Aol HE mFojA]7]
om  FAEM webA AYHEE FHA 9
3] 2" g Al 2= (MI_Trans_Hys) 7} £A13F33 T},

O
4

A & ool

References

[1] Gubae Rang, Jaesang Lim, Kwanghee Nam, Hyung-
Bin Thm and Ho-Gi Kim, "A MTPA control scheme
for an IPM synchronous motor considering magnet
flux variation caused by temperature," Nineteenth
Annual IEEE Applied Power Electronics Conference
and Exposition, 2004. APEC '04., 2004, pp. 1617-
1621 Vol.3, doi: 10.1109/APEC.2004.1296081.

[2] T. Kwon, and S. Sul, “Novel Anti-windup of a
Current Regulator of a Surface-Mounted Permanent-
Magnet Motor for Flux-Weakening Control,” IEEE
Trans. on IA, vol.42, no.5, ppl293-1300, Sep/Oct
2006.

[3] T. Kwon, G. Choi, M. Kwak and S. Sul, "Novel Flux-
Weakening Control of an IPMSM for Quasi—Six-Step
Operation," in [IEEE Transactions on Industry
Applications, vol. 44, no. 6, pp. 1722-1731, Nov.-
dec. 2008, doi: 10.1109/TIA.2008.2006305.

[4] Cho, Hyung-June, Yong-Cheol Kwon, and Seung-Ki
Sul. "Torque ripple-minimizing control of IPMSM
with trajectory." /EEE
Transactions on Industry Applications 57.4 (2021):
3852-3862.

[5] G. Lee, S. Kim, J. Hong and J. Bahn, "Torque Ripple

optimized current

Reduction of Interior Permanent Magnet
Synchronous Motor Using Harmonic Injected
Current," in IEEE Transactions on Magnetics, vol. 44,
no. 6, pp. 1582-1585, June 2008, doi:
10.1109/TMAG.2008.915776

[6] A. Nabae, I. Takahashi, and H. Akagi, “A new

neutral-point clamped PWM inverter,” IEEE Trans.
Ind. Appl., vol. IA-17, no. 5, pp. 518-523, Sep./Oct.
1981.

[7] E. G. Shivakumar, K. Gopakumar, S. K. Sinha, A.
Pittet and V. T. Ranganathan, "Space vector PWM

53



control of dual inverter fed open-end winding
induction motor drive," APEC 2001. Sixteenth
Annual IEEE Applied Power Electronics Conference
and Exposition (Cat. No.0O1CH37181), 2001, pp.
399-405 vol.1, doi: 10.1109/APEC.2001.911678.

[8] K. Sivakumar, A. Das, R. Ramchand, C. Patel and K.
Gopakumar, "A three level voltage space vector
generation for open end winding IM using single
voltage source driven dual two-level inverter,"
TENCON 2009 - 2009 IEEE Region 10 Conference,
2009, pp. 1-5, doi:
10.1109/TENCON.2009.5396225.

[9] Baiju, M.R.; Mohapatra, K.K.; Kanchan, R.S.;
Gopakumar, K, “A dual two-level inverter scheme
with common mode voltage elimination for an
induction motor drive” IEEE Transactions on Power
Electronics, Volume 19, Issue 3, May 2004
Pages:794 — 805

[10] T. M. Jahns, G. B. Kliman and T. W. Neumann,
"Interior Permanent-Magnet Synchronous Motors
for Adjustable-Speed Drives," in IEEE Transactions
on Industry Applications, vol. IA-22, no. 4, pp. 738-
747, July 1986, doi: 10.1109/TIA.1986.4504786.

[11] Gwon, Tae-Seok, and Seung-Gi Seol.
"EEEA TGS Ak QT A 571714
oFREA o7 e M o] AP b A" Proceedings
of the KIPE Conference. The Korean Institute of
Power Electronics, 2007.

[12] Lim, Seong Yeop, Jeong Min Shin, and Young Jun
Kim. "Method for controlling motor torque in hybrid
electric vehicle." U.S. Patent No. 7,772,791. 10 Aug.
2010.

[13] 3497, F54, old=, & A3 (2014). AW H
o] 29 Y A3l & o3 IFAAFAY] A
W% ONVH AN el o@ Q. grEeas

3] ZAFGgs ¥ A5, 1281-1282.

54



	Main
	Return

