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Synchronous machines

a-ff model (rota’_cing field winding) d-q model (rot_ating armature)
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Voltage and current equation

a-f model (rotating field winding)
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Assuming a cylindrical rotor without saliency
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Voltage and current equation
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Voltage and current equation
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Vector diagram representation
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Power and Torque
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Instantaneous Power:
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Instantaneous Torqgue:
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Steady State Analysis for a constant voltage constant frequency supply:
v = Vr, Vg = =V, siné, vy = V5086, wpy = w
Ve = Ryl
Voq = Rylzqg — wWlhyglzg = Rylpg — Xglag
Vyq = WMgis + wlygizg + Ryizg = Eg + Xgizg + Ryl
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Torgue In case of CVCF
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Torgue by a current-control inverter

i»qg =3I, cosp
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Unity power factor control

Xq = Xq
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» Unity power factor: cosf =1

 Direction of voltage and current vector
VEg sin &
wXq

 Torque: T =
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Maximum torque control

XdZXq
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* Minimizing the current at a specific power
+ Make the current phase angle 8 =

* Power factor: cos6 # 1
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Maximum torque control

3
T = V3Myicl, sin B + > (Lyg — Lyg)15% sin 23
oT

% = \/§Mdif12 cosff + 3(L2d — qu)lzz cos 28

Requirement:
\/§Mdif12 cos f + 3(L2d — qu)lzz cos2f =0
\/§Mdif cos [ + 3(L2d — qu)lz cos2f =0
Mgis cos

- \/§(L2d — qu) cos 2[5

12=
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Example

Current amplitude and phase angle Current phase angle B and torque T
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— T =3Mgisl, sin B + 3 (Lyg — Lyg)I,” sin 2
V3(Lg — Ly) cos 2 2

31T

Maximum torque appears at a phase angle range 8 = §~T

These characteristics are nonlinear and difficult to be solved.
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Torque reference and required rms current
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Maximum torque control

Torgue reference and phase angle 3

. ¥ cos
V3(Lg—Lg) cos 2

and T = v3Mgizly sin f + = (Log — Laq)lp* sin 28
Look-up table is applicable to obtain the above results.
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Today’s Topic for Discussion

* When should we use the unity-power factor
and maximum torque control method?

« What is the difference between them?
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