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Analysis on Air-Gap Magnetic Flux of Synchronous Generator According to
Short-Circuit Types in Winding
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Abstract - As modern industrialized society progresses, the demand for electric power is increasing rapidly. The electric
power system is getting amazingly bigger and complicated, which can easily induce serious troubles from the potential of
large fault problems and/or system failure. The monitoring and diagnosis of the electric machine for the fault detection
and protection has been important part in the electric power system. Most faults in the generator appear in the winding.
This paper presents the air-gap magnetic flux characteristic of a small-scale 2-pole synchronous generator according to
the faults in the field winding to protect the generator from the fault. The magnetic flux patterns in air-gap of a
generator under various fault conditions as well as a normal state are simulated by using finite element method. These
results are successfully applied to the detection and diagnosis of the short-circuit condition in rotor windings of a high

capacitor generator.
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Table 1 Specification of 2-pole synchronous generator

AegAy 5V F3 4 30 Hz
WA 7 FAEE 1,800 rpm = 3.23 mm
AZNA WA | 188 mm |3 A4 ||181.54 mm
AN AERS 36 H71A 24| 2 layer
717} 8 turns/slot
EE2GEAF =4 2 pol
3 T4 turme/lager = pole
i AR AF 1A o 27 % 5V
3 A =} -
HAF 5 turns/slot| 7o) 200 mm

—~ N WO,

A wn =

a8 1 EHXe =
Fig. 1 Structure of rotor

i)
INFESTTTICA

O 2 2%t REes YR

Fig. 2 2D modeling for FEM analysis
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Fig. 3 Simulation result of static magnetic field analysis
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Fig. 4 Synchronous generater for fault test
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Table 2 Modes for fault of rotor winding

2-3 3-4 4-5 2-3-4 | 3-4-5 | 2-3-4-5
short | short | short | short | short short

1st

slit S1C1 | S1C2 | SI1C3 | S1C4 | S1C5 S1C6
3rd

slot S3C1 | S3C2 | S3C3 | S3C4 | S3Cs S3C6
5th _

slot SOCL | SBC2 | SBC3 | S5C4 | SBECS S5C6
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Fig. 5 Output voltages of generator
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Fig. 6 Air-gap magnetic flux at normal state

932

34
s )
E
g 0 Loy
. |
o
> 4
-6 -
- Normal
-------- S1C1

T T T T T T T T T T T T
0.000 0.005 0.010 0.015 0.020 0.025 0.030
Time (sec)
(a) HAMEl vs S1C1
(a) Normal state vs S1C1

g i [ i 1 1 i
6
3
>
E
g o
pe]
°
> 5
6
—— Normal
~~~~~~~~ S3C1
-8 T T N T T T T ¥ T T T d
0.000 0.005 0.010 0.015 €.020 0.025 0.030

Time (sec)

(b) Hatabel vs 83C1
(b} Normal state vs S3C1

8 7 Haaejel oAl Mefof w2 FFALS mE dn
Fig. 7 Comparison of air-gap magnstic flux between normal
state and simulated fault condition

a2 Aug oL Addd gex AEs) A 4 &
Fo 9% AP dagg Hof FYAH HAgeR YF
g st 29 9o JEHUAT o] AFE HAgSY =
e A g Aln HEel &Y AgdE F 3l
o ojg o g3 IHAe] wE Apavt BT X9 9
Aol g dAAdS-E HEE @ F Jde AoE: A9

a9 108 AR 9 AlwE FEstd A Adgs
ZEE agelth o] IPAA HJAT £ Kol ©F AA
Fof e Adg Adge 9 AdFT FIESFE Fo}
Ax, get R wE JAd HUgE GEE 4T+
Atk ol 7 29 9F AMFd BE dolEHE R
o ¢ 43 98 FHFE §538 F Jdev ol g T
o7 ofld ERA LA Gt ¥ HAAAXE AF



JLile] [2] ST

% [ 15 ﬁ{iﬁ ’rélm‘ y&é?&és Héﬂ@ 27;';&; :m%assﬁf
]

. ] L1o]

YU HHZ ()

a3 8 chEtEl exol wE HWEE olge ¢z

Fig. 8 Distorted wave position according to faulted siot
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Fig. 9 Normalized air-gap magnetic flux according to fault
condition
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Fig. 11 Air-gap magnetic flux according to number of

shorted conductor at slot 1
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