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Optimum Pole-Change Condition of Six-Phase Pole-Change Induction Motor for Electric Vehicles

i T (ER),

PEH RSB, BEE BT, KB TV

Isao HIROTSUKA (Mem.), Kazuo TSUBOI, Yasuhiro YATO, Takayuki MIZUNO

In addition to the fundamental characteristics of being compact and lightweight, and offering easy maintenance and a
strong structure, the motor for electric vehicles (EVs) must realize a wide range of speed for constant-power operation at
high speed and must produce high torque at low speed. In an attempt to further improve the constant-power operation of
the induction motor (IM), we have proposed a six-phase pole-change IM (six-phase PCIM) and clarified the operating
principle and the steady-state and transient characteristics of a new prototype PCIM. In addition, a calculation method is

developed for the prototype PCIM.

In the present paper, an efficiency map and the smooth pole-change condition under high-efficiency of six-phase PCIMs
are investigated. As a result, the steady-state characteristics of the efficiency for six-phase PCIMs are clearly shown, and it
is proposed that the six-phase PCIM driven by a six-phase INV can operate the pole-change smoothly. In addition, these

characteristics are clearly shown to be calculated accurately.
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Fig. 1 Torque characteristics of six-phase PCIM at
constant power operation.

t {

(a) 2p’ pole excitation
Fig.2 Principle of six-phase PCIM.

(b) 4p’ pole excitation
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Fig.3 Analytical model for six-phase PCIM.
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Table 1 Specifications of the test machine.

= = - = Number of phases Six-phas
Rs rl ) R 7 r2q b a)(L s Msr ) xl q° } (6) Number ofpoles 8-p0)1(€l; 4a..pe0]e
— — — - [€] 0.75 kW
a)(Lr Msr)~x2q,R =rig, OMg =x,, Fregltlpeﬁtcy 60 Hz
723, FREOMBALDIZDICHR IR K, Phase voltage (100/B)V
_ ) L Current 5.0A34A
ELTw é’o E ﬁt—,_ %‘FT%E*%EWL@K ;f /\4:5 Rotational speed 850 min”' 1750 min
PCIM®D e £ %2 R AW 4%, Eds & O IR D
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Table 2 Conditions of pole-change operation.
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(a) Pole-change pattern [I]
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(b) Pole-change pattern [II]

4-pole single operation

8-pole single operation

No. Pole-change pattern Voltage equation
¢Is] vr=Vy(1-1/04)
-0.1 0.0 0.1 02 03 0.4 0=r=<04s]
m s |V v, __ _( / )
ttpf 14 a Vp01 Va=Vp {703
0=r£03s]
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LY
3 2 { 0.1=1=04s]
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vy =Vl —1/035
[ :t v % o Vp4' 0=r=035s]
Va = Vya {(f = 0.05)/0.35}
0.05=1=0.4 [s]
Table 3 Constants for simulation (1).
8-pole operation 4-pole operation
(90Hz) (45Hz)
r [Q] 1267  (at44C)
X1q= %24 [Q] 3.28 126
Xmg [Q] 22.07 20.96
re [Q1] 1.241 (at 44°C) 1.058 (at 44°C)
rig Q] 2.10 2.69

ole-change operation
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(c) Pole-change pattern [I11]
Solid line : measured data, dotted line : simulated result
Fig. 5 Comparison with pole-change pattern.
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Table4 Assessment of pole-change conditions.

No. From 4-pole to 8-pole | From 8-pole to 4-pole
Measured | Simulated | Measured | Simulated
Vine 12.7% 14.4% — —
(] 71, | 143% 19.5% 12.1% 13.7%
Tine 382% 35.7% 36.8% 37.1%
Ve - — 11.5% 10.9%
2| 1 | 69% 82% 175% | 19.7%
T ine 37.0% 33.9% 40.8% 40.1%
Ve - - - _
Bl . | 44% 52% 1.2% 3.8%
T ine 43.8% 40.8% 40.4% 40.5%

“— means that the transient voltage is not over 8-pole steady-
state voltage.
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——O—— : Measured torque for 8-pole operation
—4— : Measured torque for 4-pole operation
8k X 9 LN e : Equivalent efficiency line for 8-pole operation
= : Equivalent efficiency line for 4-pole operation
= 6 Pole-change point
> This area is that the efficiency is larger than 72%.
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Fig. 6 Steady-state efficiency characteristics.
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Table 5. Constants for simulation (2).
8-pole operation 4-pole operation
(100Hz) (50Hz)
r [Q] 1267  (at44°C)
Xig =4 [Q] 3.52 1.32
Xmg [Q] 25.08 23.12
rag 9] 1.130 (at44°C) 1234 (at44°C)
Fig [Q] 220 3.23
8-pole single operation 4-pole single operation
le———— pole-change operation
g 50
B L | ]
ng > ] =y
§ ) /// T i
0

Voltage
ValV]

Current
IafA]
<

Torque
z[N-m]
o]

10 l ‘
NAAAANAA ﬁA
;[: W1W AR
050 0 0.10 0.30 0.40 0.50

0.20
time ¢ [sec]

(a) Pole-change from 8-pole to 4-pole

4-pole single operation 8-pole single operation
ie—————— pole-change operation
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£ VYAV I
-10
Ikl .
EZys — SR sl
-lg).SO 0 0.10 0.20 0.30 ‘ 0.40 ‘ 0.50
time 7 [sec]

(a) Pole-change from 4-pole to 8-pole

Solid line : measured data, dotted line : simulated result

Fig. 7 The measured results and simulated results of
pole-change operation at high efficiency.
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