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𝑇 =
3

2

𝑃

2
Ψ𝑎𝐼𝑎 𝑠𝑖𝑛 𝛽 +

1

2
(𝐿𝑞 − 𝐿𝑑)𝐼𝑎

2 sin 2𝛽

𝜕T

𝜕𝛽
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𝑃
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Ψ𝑎𝐼𝑎 cos𝛽 + (𝐿𝑞 − 𝐿𝑑)𝐼𝑎

2 cos 2𝛽 =0
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Tmax

Ta

Tb

Tmax

Ta

Tb

Current limit circle

Torque

Current limit circle + Torque



Ψ𝑎𝐼𝑎 cos 𝛽 + (𝐿𝑞 − 𝐿𝑑)𝐼𝑎
2(2cos2𝛽 − 1)=0

cos𝛽 =
−Ψ𝑎+ Ψ𝑎

2+8(𝐿𝑞−𝐿𝑑)
2I𝑎

2(𝐿𝑞−𝐿𝑑)

4+(𝐿𝑞−𝐿𝑑)Ia

𝛽 = cos−1
−Ψ𝑎+ Ψ𝑎

2+8(𝐿𝑞−𝐿𝑑)
2I𝑎

2(𝐿𝑞−𝐿𝑑)

4+(𝐿𝑞−𝐿𝑑)Ia
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V𝑎
2= Vd

2 + Vq
2 ≤ Vlimit

Vd=R Id+
dλd

dt
-ωrLq Iq

Vq=R Iq+
dλq

dt
+ωr LdId + фf

ωrLq Iq
2
+ ωr LdId + фf

2
≤ Vlimit

2

Format of eclipse equation

M point

a

b
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ωrLq Iq
2
+ ωr LdId + фf

2
≤ Vlimit

2

M point

속도
증가

Lq Iq
2
+ LdId + фf

2 ≤
Vlimit

ωr

2

фf

Lr
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M point

운전
가능
영역

фf

Lr

전류 벡터
변화
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M point

Operating
Point



9

전압/전류제한

MTPA curve

d-axis
M

A

B

MTPV curve

Current-limit 
circle

q-axis
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M point

요구되는 속도보다 낮은 속도에서 다음과 같은 그래프가 그려진다면
어떻게 수정해주어야 하는가?!
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