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Study on new principle of rotor windings’ grounding detection of brushless synchronous electrical machine

GAO Shi-hong, HUANG Yong, ZHONG lJian-wei , YANG Qing
(Department of Electrical Engineering, Hubei Institute for Nationalities, Enshi 445000, China)

Abstract: It is an important reformation that synchronous machine introduces brushless excitation,which canceled slide-ring and
charcoal brush, while rotor windings’grounding faults detection is more difficult accordingly. At present, rotor windings’ grounding
detection for brushless synchronous electrical machine adopts conventional manner mostly,without considering its special
structure. Aiming at this case,a sort of new principle of rotor windings’ grounding detection for brushless synchronous electrical
machine is put forward in this paper and its principle is analyzed in detail. The condition of eliminating grounding detection’s dead
area is put forward,and after dealing logically,sensitivity of grounding detection is unacted on excitation voltage.In addition, its
influence towards grounding detection is also considered when the power systems burst with short fault, the simulational results
prove that grounding detection didn’t occur misoperation during bursting with short fault, which illuminates this sort of grounding
detection with better reliability. The proposed new principle of grounding detection provides a certain theoretical reference basis for
engineering applications of grounding detection for brushless synchronous electrical machine.
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Fig.1 Principle diagram of grounding detection
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Fig.2 Equivalent circuit of one-point grounding detection
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Fig.3 Equivalent circuit of two-point grounding detection

Bk REERTRAERGWER N a, Hd
FEAR,, m B TEAHIERRAIEEE N B, &



-34- ® ) &hEY B BH

HIEBHA R, R0 BRI A U, UGS
KAEHMEA R, BHIE FAMMBERBENU .
FH PR S B 1 TR AT 45 P e S A B AL LR
F2:
R+R,+R, -R. -R, a 1“;Ur (6)
EERIE Y
EENOTIEGE

(@R, + PROR+ R R, +R(R, + R,)
RI(R, +R,)R+2R)+2R R
1
1: _ —(aR, + PROR+R, R, +(R+R)NR, +R,)
1

RI(R,, + R,)(R+2R)+2R R,] @)
R(F-a)XR+2R )+ AR, — AR, 1+ (R+R IR, +(R, + RyIR,
RI(R, + R )(R+2R)+2R,R,,]

R,+R,
(R, +R,)R+2R)+2R R,

R, +R, U,
(R, +R,(R+2R)+2R R, | U

R,-R,

(Ryy + Ry R+2R)+2R R,

B R SR R, LRI

U =~ 1R, =
(@ -DR, +(2B-DR, ®)
| (R, +R,)(R+2R)+2R R,

AR, +R,) Huf}
(R, +R)(R+2R)+2R R, || U
AT H P U, ISR S AR AELX
LU, =0, WMiER@®)H: ‘
[Qa~DR, + 2B ~DR, U, +2(R, +R)U =0 (9

H=(9)F 15
Rgz o+ Rgl ﬂ:l-£- (10)
R,+R, R, +R,” 2 U,
B T 0<a<l . 0<pB<1, o,
o< R Ri  per. #RQ0O)TE:
Rgl +R, Rgl +R,
o<l Yoy, mocY L (11)
2 U U "2

f

m%%ﬁ,%%gséﬁ,ﬁﬁ~%ﬂﬁﬁﬁ
f

o BEERU =0, MEMENEERR, 30
SRISER MR, . R, 0 L 0% 43

f

ﬁm¢OE%&E,MREg»%WWO&ﬁ%ﬁ

f

R%ﬁ%@%%i%mgﬁ@EU>§4ﬁaﬁw

i S M FEIK . 35 R — AU HBEIX F 4
A,
1.3 PRI T R U R AR RO

— SRR, B LR B R = M
RS, B, BUC AR . T R
FO i LR 20 0 B SO P 19 2 1, B e
P2k 2 B PR 140 2. 5 185 11 1 A0 54 AT 40,
R%ﬁEU>§4%#,§mmmﬁﬁg,ﬁT%

BREZ AT ) RGUEAZ b B IR K58, (55
Kl _EAMINE SR AR U B AL PR 22t A4k, BY
U’=Ui AR TR, B RE H TR T A AR

DFEAESEIX

Mg —mignt, fRQ)ATLE Y, S
AL E o R HLPE R, AR, St (5 5 R A oy
PR LR U, B8R0 WU #E L R U, 2B PE2E
tho AT W ARENEE H R U, 3 B W IR B
e, X)) N 7ERG)E LRI ER AR
SHENMBRERIEU, , 5.

Yo B oa-n+2Yy (12)
U, R+2(Rg +R) U,

%ng%, o=, RA)TA:

f

. R B - B R (13)
°—R+2(RE+RC)[(2(Z D420 1= plRar -1 +2U"]

(3P40, EARF BRI EEN, REES
RE FAMIERBEU AER. XEEES
KEERBL R, ERIERIEU, 3t 5 F 5 ahUmR R E U,
RIRATEK . W v T AR R IR U, ,
i 0 ) R U R AR TR

W TSR P R O, N T SRS A B R
EHRBUEAHE PSS, A3 7%s— S
—F, HEE®)IE:

U, Qa—DR,+(2f DR,
U, CLRQ+RﬁXR+2&)+2&J%'

2(R, +Ry)

1
= (14)
(R, +R,)(R+2R)+2R, R, I

1
[AQa-D+72B-1) 2(/1+T)]{£/_:!
U;



Bt % TRIFEE LR TSR R R ER AT A -35-

i

vr=Ye, U, mdaR14)TE
U, U,

ar—DR, + (2 -DR,,
(R, +R,)(R+2R)+2R, R,

2(R, +R) { 1 }_ 1s)
(R, +R,)R+2R)+2R,R, | U

U =R

Cc C

[Aa-D+728-1) 24+ T)]{Ul*}

HRAS5)AT40, P A, REUXHEAE S,
tF AR R E U, , eI R 2R
B, MM SR T3 RS SRR IE U, #5370

2 {FEMLEHIR
WATEEIR W T pliEEU, =100 V, bl

RAPIHR =04 Q, FFHEEAR=50 kQ, EHES

KA R =480 Q, HHHIHR, =15 kQ .

R,=20kQ.

2.1 M EMTES
%M%%%W,mﬁ%ﬁW%L%MEﬁ%E

U:%V;%E»%W,WE%ﬁW%L%MEﬁ
HEU=60 V.

Ok — R, A6 8 a AR
HiFFWHE 4. OFR.

12 1.4
=1 a=1
A
08 a=3'3 1 a=37/4
......... v sy
> 00 o2 208 azi2
~ 04 ~ 0.6
a=1'4 a=1'4
0.2 hanmmammmndiamnan, 04 e
0 a=0 0.2 am: 0
0.2
02 0 0.05 0.1 0 0 0.05 0.1
s tis
U 1 U 1
@0s—<= (b)—>—2-

f f
4 o REIRBFRIER
Fig.4 Simulation waveform of different &
@KEMW R EME, AN Ea. AR
HIT BB A 5(a). (B)FT7R

0.6 )
a=1104=1 09 a=1/10.3=1
05 £ 08 X
@=1/10,§=3/4 0 A3
04 £=3 07 a=110.4=3/4
03 a=110.5=12 06} a=1/10.8=1/2
> e
= o2} J S 0s
> a=bl0f=1d s a=110.0=1:4
0.1 0.4
0 a=1/10.8= 0.3 @=110.4=0
0.1 02
0.2 )
0 0.0 o %Y 0.05 0.1
t/s tis
U 1 Uu 1
@0 —<— b)—>=
f r 2

5 . [ REEHEER

Fig.5 Simulation waveform of different & and
bl 4 PO 5 T, Hos Lo, A
f

Mﬁﬁﬁg;%g»%w,ﬁmﬁmmﬁ@%go

Pi BT S BRI HYIE .
2.2 HRRYEZHHEBEZENTEST

EU>?L%#$3%QL3%ﬁ&WHﬁ@E
AR U A S R L B, BE AL T T

O—HEN, BHAREa=0, SHHEH
R, =20 kQ, HEMHEHERL, HEREEWHE 6
i«

250 200V
200V VVVVV VYV VYV VYV YV VYV VYV VYV Y
= 150 100V
> OV
¥ Jov
50 i s
0 .
0 0.02 0.04 0.06 0.08 0.1
s
150 120V
w100 60V
< >
~ MYV VYV VIV VYWV YV VA VANV
50 24V
SN =
0 . . . . .
0 0.02 0.04 0.06 0.08 0.1
t's .
U, =200V.U =120V
025 =00
0.2 P VVVVVYYVVVVYVYYYYVYVYVYVVYVVY
n 0.15 U, =100V.U =60V
oY
= 0l YN ROANIRNADY;
0.05 fmem e
o . . A . .
0 0.02 0.04 0.06 0.08 0.1

s

B 6 — m MR R (A BRI

Fig.6 Simulation waveform while one-point grounding
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