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• The State Space (SS) model of the synchronous generator can 
be expressed using compact matrix notation as follows:

𝑉𝑉 = 𝑅𝑅𝐼𝐼 + 𝑑𝑑
𝑑𝑑𝑑𝑑

Λ ; where Λ= 𝐿𝐿𝐼𝐼 thus resulting in:

𝑉𝑉 = 𝑅𝑅𝐼𝐼 +
𝑑𝑑
𝑑𝑑𝑑𝑑

𝐿𝐿𝐼𝐼
Accordingly, the synchronous generator with three armature phases 
a, b, c, the field winding  f, and rotor equivalent damping circuits kd
and kq can be represented by a 6th order SS model as follows:

𝑣𝑣𝑎𝑎
𝑣𝑣𝑏𝑏
𝑣𝑣𝑐𝑐
𝑣𝑣𝑓𝑓
𝑣𝑣𝑘𝑘𝑘𝑘
𝑣𝑣𝑘𝑘𝑘𝑘

=

𝑟𝑟𝑠𝑠 0 0 0 0 0
0 𝑟𝑟𝑠𝑠 0 0 0 0
0 0 𝑟𝑟𝑠𝑠 0 0 0
0 0 0 𝑟𝑟𝑓𝑓 0 0
0 0 0 0 𝑟𝑟𝑘𝑘𝑘𝑘 0
0 0 0 0 0 𝑟𝑟𝑘𝑘𝑘𝑘

⋅

𝑖𝑖𝑎𝑎
𝑖𝑖𝑏𝑏
𝑖𝑖𝑐𝑐
𝑖𝑖𝑓𝑓
𝑖𝑖𝑘𝑘𝑘𝑘
𝑖𝑖𝑘𝑘𝑘𝑘

+ 𝑑𝑑
𝑑𝑑𝑑𝑑

𝐿𝐿𝑎𝑎𝑎𝑎 𝐿𝐿𝑎𝑎𝑎𝑎 𝐿𝐿𝑎𝑎𝑎𝑎 𝐿𝐿𝑎𝑎𝑎𝑎 𝐿𝐿𝑎𝑎𝑎𝑎𝑎𝑎 𝐿𝐿𝑎𝑎𝑎𝑎𝑎𝑎
𝐿𝐿𝑏𝑏𝑏𝑏 𝐿𝐿𝑏𝑏𝑏𝑏 𝐿𝐿𝑏𝑏𝑏𝑏 𝐿𝐿𝑏𝑏𝑏𝑏 𝐿𝐿𝑏𝑏𝑏𝑏𝑏𝑏 𝐿𝐿𝑏𝑏𝑏𝑏𝑏𝑏
𝐿𝐿𝑐𝑐𝑐𝑐 𝐿𝐿𝑐𝑐𝑐𝑐 𝐿𝐿𝑐𝑐𝑐𝑐 𝐿𝐿𝑐𝑐𝑐𝑐 𝐿𝐿𝑐𝑐𝑐𝑐𝑐𝑐 𝐿𝐿𝑐𝑐𝑐𝑐𝑐𝑐
𝐿𝐿𝑓𝑓𝑓𝑓 𝐿𝐿𝑓𝑓𝑓𝑓 𝐿𝐿𝑓𝑓𝑓𝑓 𝐿𝐿𝑓𝑓𝑓𝑓 𝐿𝐿𝑓𝑓𝑓𝑓𝑓𝑓 𝐿𝐿𝑓𝑓𝑓𝑓𝑓𝑓
𝐿𝐿𝑘𝑘𝑘𝑘𝑘𝑘 𝐿𝐿𝑘𝑘𝑘𝑘𝑘𝑘 𝐿𝐿𝑘𝑘𝑘𝑘𝑘𝑘 𝐿𝐿𝑘𝑘𝑘𝑘𝑘𝑘 𝐿𝐿𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝐿𝐿𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝐿𝐿𝑘𝑘𝑘𝑘𝑘𝑘 𝐿𝐿𝑘𝑘𝑘𝑘𝑘𝑘 𝐿𝐿𝑘𝑘𝑘𝑘𝑘𝑘 𝐿𝐿𝑘𝑘𝑘𝑘𝑘𝑘 𝐿𝐿𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝐿𝐿𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘

⋅

𝑖𝑖𝑎𝑎
𝑖𝑖𝑏𝑏
𝑖𝑖𝑐𝑐
𝑖𝑖𝑓𝑓
𝑖𝑖𝑘𝑘𝑘𝑘
𝑖𝑖𝑘𝑘𝑘𝑘
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Typically, most of the corresponding machine inductances have the
following relationships:

Note
These expressions have θ = ωt 
which is a function of time t.



Advanced Topics 
Synchronous Generator Park’s 
Transformation 

Park’s Transformation is basically a 
transformation of machine quantities 
from a stationary (a,b,c) reference 
frame to a rotating (d,q,0) reference 
frame.
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The a-axis and the d-axis are initially aligned.
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Alignment of the a-phase vector to the d-axis
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Note: one can use σ=θ
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(39)
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Electromagnetic (Tem) Torque Expression in the dq0 Frame of Reference

Tem= 3
2

[{𝐿𝐿afm if iq} + {(Ld – Lq) id iq} + {(Lakdm ikd iq – Lakqm ikd iq – Lakqm ikq id)}]
{Field                    {Reluctance Torque}                     {Damping Induction Torque} 
Synchronous 
Torque}

EMF Components: ed and eq Expressions in the dq0 Frame of Reference

ed= - ω[Lq iq + Lakqm ikq]

eq=  ω[Ld id + Lafm if + Lakdm ikd]



Case Study Details
Consider a 3-phase, field 
wound, 2-pole ac synchronous 
generator, rated at 30 kVA, 
208 V, and 400 Hz, whose 
cross-section is shown.

For full details on the 
application of  state space 
model in the dq0 frame of 
reference, see the following 
paper:
Arkadan, A.A., Hijazi, T.M., Demerdash, 
N.A., Vaidya, J.G., and Maddali, V.K., 
“Theoretical Development and 
Experimental Verification of a DC-AC 
Electronically Rectified Load-Generator 
System Model Compatible with 
Common Network Analysis Software 
Packages,” IEEE Trans. on Energy 
Conversion, Vol. EC-3, No. 1, pp. 123-
131, Mar. 1988. Fig.(1): Stand-Alone Generator – DC Load 

System
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Fig. 2: Schematic of the Generator Windings
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Reference: Arkadan, A.A., Hijazi, T.M., Demerdash, N.A., Vaidya, J.G., and Maddali, 
V.K., “Theoretical Development and Experimental Verification of a DC-AC Electronically 
Rectified Load-Generator System Model Compatible with Common Network Analysis 
Software Packages,” IEEE Trans. on Energy Conversion, Vol. EC-3, No. 1, pp. 123-131, 
Mar. 1988.
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