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Investigation of the Coil Deforamtion of the Gas Turbine
Generator Rotor Using Finite Element Analysis
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Abstract © The generator for gas turbine power generation consists of the rotor which generates magnetic field, the
winding coil which is the path for the field current and the wedge and retaining ring which prevents the radial
movement of the coil. Relatively severe deformation was observed at the coil end section during the inspection of
the generator for peaking-load operation, and the thermal-electricity and the centrifugal force were evaluated by
the simple modeling of the windings to find the cause. But the simulation stress was not sufficient to induce the
coil plastic deformation. The analysis result seems to be applicable to the base-load generators which runs
continuously without shut down upto a year, but there had been more deformation than simulated for the
generator which is started up and shut down frequently. The cause of the coil deformation was the restriction of
the expansion and shrinkage. The restriction occurs when the winding coil shrinks, and the stress overwhelms the
yield stress and cause the plastic deformation. The deformation is accumulated during the start-ups and shut-downs
and the thermal growth occurs. The factors which induce the coil restriction during the expansion and shrinkage
should be reduced to prevent the unallowable deformation. The resolutions are cutting off the field current earlier
during the generator shut-down, modifying the coil end section to remove the stress concentration and making the

insulation plate inserted between the coil end section and the retaining ring have the constant thickness.
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Table 1 Specification of the gas turbine generator

Item Unit Specification
Model GE 7FH;
Apparent power | KAV 215,700
Rotor speed pm 3,600
Armature volt A% 13,800
meth((:)?ic/)lljll?egs sure | St Hydrogen/30(40C)
Field ampere A 1,403
Exciter volt v 500
Allowable T 125(on field by
temperature resistance)

Fig. 1 Assembly drawing of generator rotor
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Fig. 2 End coil, space block and centering ring of

generator rotor
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Fig. 4 FEA model of generator rotor coil
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Table 2 Mechanical properties of rotor coil
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Fig. 3 Example of end coil deformation
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Fig. 5 Example of field current trend

s ddAs AFdd o4& ¢4dY V&
ALet7] 98 ABAQUSS  “Coupled thermal
—electrical ananlysis” € 18]&g AH&3l9 1, 54
He AFd 7dg AA AAAALY "§7—}3 Fh
7t29 f524E 1# 3 CFD(computational fluid
dynamics) 342 F3lA shol e D E 3
dEA 27 o Wzh& a3 e A
A z7AA AAEAAY =2F BFL H4 lfié)r
ZUH AT T&ee AR desEd L, 7%
BAE 1H3tA FAdoh. A= 3295327]1-4 |
A3 111606709 847 AHEHAoH, a4y 4 e
DC3D8E(8-node linear brick; coupled thermal
-electrical elements)o]t}. Wz7t29] 27 &&&
AA &A= 46 TE HE39, AAHNFE
500~1,000 AE 2 £3}9 ). TE(turblne end) &3
AAAF7 355 CE(collector end)Z th A4S
13 CEES $2 4

o

A

P
=

33 odx17| Sl A
331 25 £x
AAAAN mdYE ol &t AZAAF7E 1000

EAHENE 0 4 AXELY 2=

¢ A= Fig. 63 2o
34 235 B AR ARV AR AVLE

= 18 AAALY 27 QF 50 T Hig

L 2EE 8 AAAMoen 116 Toldth

Fig. 7& CE 204 AAAM 249 948

AL
Fig. 82 47l ARA drtdHe AR/ 27

o m& ALY 2= EEE Uit A

N {1.[[0 = A
X kl
>

H = 3
TEE 34

Fl

$1% AAAMY L8 AT & YA A%
o HBAE FAT 5+ QAW AN BFL s
125 T A% FAARE 2AF A3} LERTI]

FASG T BEE,

H71 2HY AAAD BE Y

Fig. 7 Position and number of defined nodes at

collector end
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Fig. 8 Temperature vs. various coils for defined
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Fig. 11 Max. principal stress distribution at
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Fig. 13 Displacement vs. defined path for #8 coil
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Fig. 15 FEA model for centrifugal force analysis
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Fig. 16 Von Mises stress at 3,600 rpm
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Table 3 Results of finite element analysis

Item Unit | Results Location

Max. .

tensile | MPa | 100~130| Between coil and space
strength

Max. 031 Near the space block
deformation | ™ ‘ of end windging

Contact area  with

Centrifugal MPa 90 wedge

force Tatpa| 55 |nside winding
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Fig. 17 Shut down curve of gas turbine generator
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