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Ud(s) = RId(s) + sLdId(s)− wmeLqIq(s)
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Current_Controllers
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Udc = 380 Vpeak

id Udc = 380 Vpeak 0 → Tn, n0 =
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Control Strategy
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u∗d = Ridpred + (i∗d − idpred)
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Flux Estimation



lambda_d1 λd1 lambda_d0 λd0 lambda_dc λdc(t1) t t1

t_min t_max

Udc/
√

(3) ∼= 188 V
0.82/188 ∼= 4.4 ms

t_max 15 ms

n t1 (tmax−tmin)/2n+1
7 ns

t

0 Nm 1500 rpm
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Λ2
mg + 8 (Ld − Lq)

2 I2)

4 (Ld − Lq) I





I I dq γ



0 Tn 750 2.749 2.159
0 Tn 1125 3.627 1.846
0 Tn 1500 6.524 1.614
Tn 0 750 1.392 1.345
Tn 0 1125 1.033 1.016
Tn 0 1500 0.770 0.772
0 Tn/2 750 1.765 1.430
0 Tn/2 1500 2.487 1.285

Tn/2 0 750 1.133 1.124
Tn/2 0 1500 0.930 0.901
0 Tn/5 750 0.977 0.929
0 Tn/5 1500 1.205 0.891

Tn/5 0 750 0.677 0.674
Tn/5 0 1500 0.601 0.587

4.910ms
Tn → −Tn 1500 rpm



idiq 0 ← Tn, n0 = 0

d q

idiq 0 ← Tn, n0 = 750 rpm

750 rpm
idiq



idiq 0 ← Tn, n0 = 1500 rpm
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W (s) =
1

1 +
s

wci

wci∼= 600 Hz

H(s) =
1

1 +
s

wci

· 1

B + sJ

B J
B = 3.3e− 2 Nms J = 1.8e− 4 kg ·m2

Rw(s) = kiw
1 + sTPIw

s



wcw = 62, 83 rad/s ∼= 10 Hz
TPIw = B/J

kiw = 4.174

kpw = 0.0226

Lw(s) = Rw(s) ·H(s)

Lw(jw)

ϕm = 89◦

−20 dB/dec 0
500 rpm



0 → n = 500 rpm (wme
∼=

105 rad/s)

0 → n = 1000 rpm (wme
∼=

208 rad/s)



0 rpm
500 rpm 750 rpm 1000 rpm 1250 rpm 1500 rpm

0→ n = 500 rpm (wme
∼= 105 rad/s)

0→ n = 750 rpm (wme
∼= 157 rad/s)



0→ n = 1000 rpm (wme
∼= 208 rad/s)

0→ n = 1250 rpm (wme
∼= 262 rad/s)



0→ n = 1500 rpm (wme
∼= 314 rad/s)





Error_Range curr_sat

1 10 rad/s
In −In



0→ n = 500 rpm (wme
∼= 105 rad/s)

0→ n = 750 rpm (wme
∼= 157 rad/s)



0→ n = 1000 rpm (wme
∼= 208 rad/s)
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εw

)2
]

ew εw
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Adaptive_kp εw
10 rad/s



0→ n = 500 rpm (wme
∼= 105 rad/s)

0→ n = 750 rpm (wme
∼= 157 rad/s)



0→ n = 1000 rpm (wme
∼= 208 rad/s)




