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Bv(θ, t) = B0 cos(ωt− 2π

3
) sin(θ − 2π

3
) (3)
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f
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s =
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(7)

n

(6) (7)
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(1− s)f

p
(8)
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Φ̇ π
2 Ė′
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sĖ2

sĖ2 İ2 Ż2 = r2 + jx2:x2 f

(9)

I2 =
sE2√

r22 + s2x2
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(9)

θ2 tan−1( sx2

r2
) İ2

İ ′1 İ ′1 İ ′2

İ ′1kw1W1 = −İ2kw2W2 (10)

İ1

İ ′1 = −kw2W2

kw1W1
İ2 = − İ2

a
(11)

kw1 kw2

W1 W2

a = kw1W1

kw2W2
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(11) İ ′1 İ0 İ1

Ė1 = −Ė′
1 r1 x1

r1İ1 + jx1İ1 V̇1
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a

)
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a

sĖ2
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⎡
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1

a2(
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Ż0 = Ė1

İ0
V̇1 = Ż1İ1 + Ė1

Ż

Ż =
V̇1

İ1
= Ż1 +

Ė1

İ1
= Ż1 +

[
1

Ż0

+
1

a2( r2s + jx2)

]−1

(13)

(13) 1
s = 1+ (1−s)

s 7
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2.3

6 V1I1 cos θ1

P1

P1 = V1I1 cos θ1 (14)
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P1 I21r1 E1I1 cos θ
′
1

θ′1 E1 I1 İ0 Ic E1

2.4

P2 Ė1 = −aĖ2 İ ′1 = − İ2
a

P2 = E1I
′
1 cos θ2 = E2I2 cos θ2 (15)

Pm P2

SE2I2 cos θ2

Pm = (1− S)E2I2 cos θ2 = (1− S)P2 (16)

1 S (1− S)

S = n
ns

= 1− S = Pm

P2

2.5

T Pm n

T =
Pm

ω
=

Pm

2πn
(17)

ω = 2πn n
ns

= Pm

P2

T =
P2

2πns
(18)

3

3.1

PWM(Pulse Width Modulation)

8

on-off PWM 9(a)

(A,D) on (B,C) off

(A,D) off (B,C) on 9(b)
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10: PWM

on-off

11(a) sU

TrU1 TrU2 on,off off,on

sV TrV 1 TrV 2 on-off sW TrW1 TrW2 on-off
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11: PWM

11(e) (g)

TrU1-TrU2 TrV 1-TrV 2 TrW1-TrW2 on-off 11(b)

(d)
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S2

1.

2.

3. SA

SA

12

SA SA

S1 OFF S1 ON
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4.2

1. 12

2. IR min IR S1 S2

SA

3. S1

4.

5. IR V 150 170V

6. S2

7. IR V 180V

SA

8.

9. S1 S1 IR min IR

S2 SA

5

5.1

W0 I0

5.2

1. 12 4.2

2. SA

3. IR V V0 = VN (180V) I1 W

N

4. IR V 110% 70V 10V

I1 W N

1 V I1 W cosφ N 1

W W = Wm ×K cosφ cosφ = W√
3V I1
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1:

V [V] I1 [A] Wm K W [W] cosφ N [min−1]

6

6.1

6.2

1. 13

2. S1 S2 SA IR min

3. S3 RF MAX RL

OFF

4. S1 IR V 150 170V

5. S2 SA
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6. S3 RF VG =100V

7. IR V V0 = VN (180V) RF VG =100V

I1 W N IG

8. RL OFF 1 2 3... 7

I1 11A

SA

9. RL OFF SA

S1 S2 S3 IR min

2 3 14 1

2:

V =180V[ ], VG=100V[ ]

(1) (2) (3) (4) (5) (6) (7)

RL

V [V] I1 [A] Wm K Pi [W] N [min−1] VG [V] IG [A]

OFF

1

↓

(4) Pi = Wm ×K [W]

3:

V =180V[ ], VG=100V[ ]

(8) (9) (10) (11) (12)

RL s Po [W] η [%] cosφ T [Nm]

OFF

1

↓

(8) s = (Ns−N)
Ns

(9) Po = (1− s)× {Pi − (W0 − 3I20r)− 3I21r} [W ]

(10) η = Po

Pi
× 100 [%]

(12) T = Po

(N× 2π
60 )

[Nm]

W0 I0 r (0.58 [Ω]) Ns =

1800 [min−1]
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7.1

16

I1 15(c)

I2 = /2

16:

7.2

1. 16 2

2. OFF

3. RL OFF RF MAX

4. S1 V IR 150 170V S2

SA

5. S3 RF VG 120V 1/2 100V

6. IR V 180V 0μF 290μF

10μF I2 = 5.5A 1/2 I2 = 50%

RL RF

I1 I2 I3 W
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4 15(c) 1

4: V =180V[ ]

C [μF] V [V] I1 [A] I2 [A] I3 [A] Wm K Pi [W] cosφ

8
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V/f
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8.2

1. 17

2. S1 IR 180V V/f

3. 500 min−1 1600 min−1 100 min−1

V I

N

500 min−1 1000 min−1 1500 min−1 3

500 min−1 1000 min−1 1500 min−1
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