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Parameters defining the numerical computation of the analytical relationships

tmax = maximum time for the calculation of the system of differential equations after the short-circuit 

npoints= number of points used in the solution of the current after the short-circuit 

num_short_circuit_points = number of explored short circuit instants inside one fourth of a 
fundamental period of the stator frequenccy (1/(4*fe))

Kdes = index of the short circuit instant whose differential equations and solutions for the corresponding I2t
waveforms are desired to be plotted.

w = rotational speed of the qd0 reference frame (usually and by default here is w=0)

≔npoints 2000 ≔num_short_circuit_points 20 ≔Kdes 3 ≔ω 0
≔tmax ⋅⋅300 10-3 s

Vectors' index for the time in every solution of the differential equations ≔n ‥1 +npoints 1

Vector's index for the short circuit instants ≔k ‥1 num_short_circuit_points

≔Short_circuit_instant
k

⋅――――――――
k

num_short_circuit_points
――
1

⋅4 fe

Sampling time (for currents over time):

Sampling time (for short circuit instants):

≔t_step ―――
tmax

npoints

≔t_step_SC ⋅――――――――
1

num_short_circuit_points
――
1

⋅4 fe
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DYNAMIC MODEL IN SHORT CIRCUIT AT THE CHOSEN OPERATING POINT. 

dq-Transformed state variables of the system 
(wr is the mechanical speed referred to the field (electrical))General transformation matrix
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iqs
ids
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⎡
⎢
⎢
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≔poise 3

≔n0 ⋅16.883 s-1

Definition fehlernder Einheiten:

≡ms ⋅10-3 s ≡mΩ ⋅10-3 Ω ≡°C K ≡mH ⋅10-3 H ≡uH ⋅10-6 H ≡nH ⋅10-9 H

≡kN ⋅103 N ≡rpm ――
1

⋅60 s≡kA2s ⋅⋅103 A2 s ≡kNm ⋅⋅103 N m ≡kW ⋅103 W ≡kA ⋅103 A

≡k_sat 0.6 3
≔p 3

≔k_rs 1

≔rr ⋅192.066 mΩ
≔Tmech ⋅⋅2.029 kN m ≔rs ⋅194.054 mΩ

≔k_rr 1

≔Llr ⋅3.26 mH
=rs 194.054 mΩ =rr 192.066 mΩ

≔k_Lls k_sat
≔Lh ⋅47.138 mH

≔Lls ⋅1.953 mH ≔rs_dio ⋅0.259 mΩ
≔k_Llr k_sat ≔Lls_add_short ⋅400 nH

≔fe ⋅51.834 Hz
≔V_dio ⋅1.48 V

≔k_Lh 1 ≔V_short ⋅10 V ≔rs_add_short ⋅⋅0 10-3 Ω
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Initial values of the stator qd currents, rotor qd currents and state variables

≔iqd_s
k

⋅Tqd0 ((0))
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mech. angular
frequency:

≔ωmech_0 ⋅⋅n0 2 π

≔var_initial
k

⎛
⎜
⎜⎝
――
iqd_s

k

A

⎞
⎟
⎟⎠
1

⎛
⎜
⎜⎝
――
iqd_s

k

A

⎞
⎟
⎟⎠
2

⎛
⎜
⎜⎝
――
iqd_r

k

A

⎞
⎟
⎟⎠
1

⎛
⎜
⎜⎝
――
iqd_r

k

A

⎞
⎟
⎟⎠
2

――――
⋅p ωmech_0

―
1

s

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

{f} {d}   {t} {n}  /  {nn}



≔var_initial
k

⎛
⎜
⎜⎝
――
iqd_s

k

A

⎞
⎟
⎟⎠
1

⎛
⎜
⎜⎝
――
iqd_s

k

A

⎞
⎟
⎟⎠
2

⎛
⎜
⎜⎝
――
iqd_r

k

A

⎞
⎟
⎟⎠
1

⎛
⎜
⎜⎝
――
iqd_r

k

A

⎞
⎟
⎟⎠
2

――――
⋅p ωmech_0

―
1

s

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦≔Vd ((ik)) ⋅V_dio sign ((ik))

System of non-linear differential equations 
=V_dio 1.48 V
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←iqd ⋅
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←trasf_volt ⋅Tqd0 ((0))
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Current in motor phases after the short-circuit at one specific short-circuit time over time:
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Motor torque after the short-circuit at one specific short-circuit time over time:

-6

-4

-2

0

2

4

6

8

-10

-8

10

-6 -4 -2 0 2 4 6 8-10 -8 10

Tel
,n Kdes

zero
n

tonne
,n 1

{f} {d}   {t} {n}  /  {nn}



-6

-4

-2

0

2

4

6

8

-10

-8

10

-6 -4 -2 0 2 4 6 8-10 -8 10

Tel
,n Kdes

zero
n

tonne
,n 1

I2t-values in the different diodes at one specific short-circuit time over time:
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