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The THD measurement of HEP equipment power

installed on 8200 seres Electric locomotive
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ABSTRACT

8100 series Electric locomotive was imported from SIEMENS of Germany on 2001. 8100 series model is
modified from BR152 model to be complied with national environment. After 8100 series Electric locomotive
carried out main line test for long time, 8200 series Electric locomotive produced in 10 locomotives with
improvement and supplement on some parts. the one of supplement is to install the HEP equipment. In paper,
about total harmonic distortion of HEP equipment power, it compares the result of combination with the result
of actual measurement. It checks whether the measurement meets the specification of design or not. And it
describes international standard about total harmonic distortion of supply system.
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O FRA " AW =% (Federal Railroad Administration)
O HEP : 2aF A ¥3 %% (Head End Power)E %3t}
O PWM : ¥ 22 % (Pulse Width Modulation)

22. x93 H&o A +F AL

s B 7H

(FHE AR as per British Recommended standard 65/3, 1976)
Supply system THOOY) % THD (V)% f;or 0dd and Even Harmonics
Vol tage(kV) Odd(E =) Even(Z=)
0.400 5% 4% 2%
3.3; 6.6; 11 4% 3% 1.75%
12.6; 24; 33 3% 2% 1%
110; 160 1.5% 1% 0.5%
F 1 dgAdstel digk THDV) &899

2) THD(V)% A7t sh=+&2] 7

Special Applications General System Dedicated System

3% 5% 10%

X 2 AAYG EF9 dF59 A (FHARE: as per IEEE Standard 519-1992)
¥ FRA Regulation(selection 408): Total Harmonic distortion is 6% maximum
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AR AEots ¥E&S 3123 9 & (Total harmonic

(BH A5 as per British Recommended standard 65/3, 1976)

Supply system .
h=no, current harmonic a In(RMS A Current value)
Vol tage(kV)
h/kV 2 314 1|5 6 7 8|9 (1011|1213 |14 | 1516 | 17| 18 | 19
0.400 48 | 34 | 22 |56 | 11|40 | 9 8 71196 |16 5 5 5 6 4 6
3.3, 6.6; 11 13| 8 6 (10| 4 | 8 3 3 3 7 2 6 2 2 2 2 1 1
12.6; 24; 33 | 11| 7 5 91 4|6 3 2 2 6 2 5 2 1 1 2 1 1
110; 160 5 4 | 3 4 | 2 3 1 1 1 3 1 3 1 1 1 1 1 1
X 3 YHALG gk AF nxy} A9 -89
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gizte]l A" AF A A2 2019 HEd AWy 9 HEP AW E AHS F53sh

O 7t AIWE+ AA A4y Fa5oA 34 wiFel WA wme A e A ds7] 2 A
Aol AHE FFed. £ 7B BEFA AFEFHS A BHEALAGX7E A H
AT,

O Az d9Y &F+w8 HEP IHEE 3 Eeg2 74" 23 ¥wix ol 34 AC 440V =9
ANEe IZAAY/FIH5A A H2Z dHzAse) deEHy, 8 F34% 300Hze] tHGTO
AH 22 A

O S8AYg2 HIgd ARG Hdedo] oYzl DC HAAPoZEE HEP PWMA <3| ‘%3%
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245 A %4 7] (automatic voltage regulator, AVR)S AF&3}7] wjio] H3 HEo] TE5FHo=
g8 5 9o,
242 S 2AG L F9 F)
O AC 440V 32 : Yuhdx, &2 iy w7 94
O AC 220V 3|2 : 29, QEALIR, HFX(A7]2H 3H), 4845,
e, do] AE
O DC 24V 32 : $74d AsE, FLAFA, Q5 FA, s, 83,
GG 547 AA, HA%E
243 A A FFAA AP v =
¥4 Ax D FFFA AL
D ow 8200TH kA =}
° N A7) 7| B2} 200k W 300kW
Al 2L 71 F SIEMENS NEWAGE/HCI434C2 NEWAGE/HCI434C2
I PWM ¢l E Ao 3 a5y, 3| A A A 3, 3| A A A
M 34-34 34-34 34-34
2%350KV A
& % 250k V A (200kW) 375k V A (300kW)
(2%315KW)
AA Y 440V +3% 440V +5% 440V +5%
AAAF - 328A 492A
QA T35 60Hz+1Hz 60Hz+1Hz 60Hz+1Hz
o & 0.9 0.8 0.8
i & 95.5% 92.8% 93.2%
294 Fu4 300Hz - -
KRB GTO - -
9 & 10% o] - -
25 HEP &8 A% 2349 A5 2§49, Aullx)
5 BCASE V, AR A, F9hE Hz, 9180 %)
=] 7}
:—FL vEr— hl O%}\ H‘Ii
Ui I Us I Us Is Fu &
Section 5.3.1: F%5-3} 445.3 0 444.6 0 0 0 5991 79 a9 3(a)
Section 5.3.2: Load 1 |444.6 | 46.29 | 443.7 | 46.51 0 0 60.0] 80 | ==& 3(b)
Section 5.3.3: Load 3 | 445.7 | 238.9 | 444.1 | 2384 0 0 5991 79 29 3(c)
Section 5.34: Load 4 | 4454 | 416.7 | 444.0 | 416.7 0 0 5991 78 a3 3(d)
Section 5.3.5: Load 5 | 446.7 | 845.2 | 445.6 | 847.1 0 0 5991 81 19 3(e)
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PLOTTED: Jul @7 @@ @2:3@:45 "PLOTTED: Jul @7 @@ @3:13:52 IWLOTTED: Jul @7 @@ @3:16:14
phase U phase U phase U
M-\\ Pais PR . \ [,N\. Y PR iy
AN Y NANEVALED 7
" A |\ \L/ AL\, AN AT
'phase v phase V' phase V
_ ks - [Nk. b
YANEVIR
\ T 1 \ N )
. \ 1/ \ / 2 | \\‘ / b, /' Y / \\
G Ve o A 7 oA ) ;
-axis: 500 V / div. y-axis: 500 V / div. y-axis: 500 V /div. |
)}:—axis: 5 ms / div. x-axis: 5 ms / div. x-axis: 5 ms / div.
(a) (b) (©)
“PLOTTED: Jul @7 @@ ©@3:18:18 “PLOTTED: Jul 87 @88 ©3:20:24
phase U phase U
My M J‘\\ ’ P 4
\ / \\ / LA N \\
[/ W4 \l/ A1\
' N Y. |74 T
phase V phase V
Nia o AN I A I
f / \ A [ \‘\ \‘\ / \
1 \x # \ \ \ / P \\
AN AN
v o v v \“
y-axis: 500 V / div. y-axis: 500 V / div.
x-axis: 5 ms / div. - x-axis: 5 ms / div.
(d) (e)
% 3 HEP ¥ d Skl g =3A18 93
32 = 330453
L ~
] & 330452 (wmmm=g
= AC 440V
] 330451
150A, 1500A &= Ji=

(CL : Clamp Meter, LEMA})

1

N L3 L2 L1 1

Power Quality Analyzer A% Battery H 3 A S
( FLUKEA[’} AC 220V (Option)
a9 4 34 AR AA=
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Harmonics
"2568 v mn £obc v _mm
60.01Hz 00:12 a.2x p ome ||| W & o000 oF =
m
I“,m
: 1713 1517
1041008 13:24:55 440U 60Hz 38 WYE  DEFAULT mnnma 13: 25 26 44nu ﬁﬂHzSﬁqu DEFAULT
Un H | CURSOR & VOLTAGE  HOLD L1 L2 L3 I-HARHM. HOLD
L1 L2 L3 & Z0oM . USASUES SR ALl (METERSS SN oFF RUH
< HEP =€ XM DX AHE >
- A Ui 4448 V(256.8 V), V7 4471 V(2581 V), WAk 4438 V(256.2 V)
# () TS VIEeR 4" 7 AV RMS#E 4,
ARGV 270 V), = \/§Vp
- 34 60 Hz
- %3 94 (THD): 8.2%(rms %)
¥ 6 A¥A7 B2 @5 A, HEP &9 &4 &4
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60.00H=z o:on:21 %
4400 60Hz 38 WYE DEFAULT
F, UOLTAGE HOLD

A RUH

<=

Probe ¢1# >

Harmonics

1 THD 8.8 %F
& 0:00:27

DEFAULT

HOLD
RUH

440U 60Hz 38 WYE

1-HARM.
HETER foN oFF

THOOC B

10710706 14:19:05

L1 L2
ua W Ty ﬂLL

1010708 14:18:21

URHH CURSOR
L1 L2 L3 &Z00M

< HEP =3 4% x99 o8& >

445 V(256.6 V), W7 4450 V(2569 V)
= 249 7 FAKV,)S RMST 9,

E 7 AGAAN B TR T FHAAR 24 A, HEP %9

JW
031
ﬂw

o}i

=
=

494



BA7) 7| B G FFEHA A 8% 2A)

< Al ApER 82435 > < =74 Probe §# >

2553y 7558 [G7Tu]' o I

60.00H=z 0:00:22 4 -2x M G O

.T.—v....

............................................................. THDDC
1041008 19:09:23 4400 60Hz 38 WYE DEFAULT 10/10/08 19:09:57 440U 60Hz 38 WYE DEFAULT
UA H | CURSOR & ™ VOLTAGE  HOLD L1 Le I-HARM. HOLD

. RUH ViAW Ty ﬂLL METERSS SOHY OFF RUH

L1 L2 L3 &Z00M

< HEP &8¢t x99 & >

), V7 443.1 V(255.8 V), W7 4453 V(257.1 V)
o2 Z4¥ 7 FAL(V,)S RMST 9,

z3 Y& (THD): 7.7%(ms %)

W8 AHAI BT A% 24 A HEP 8 54 34

495



4) =4 13 A3z A
%9 () FAAS 7R SHHE 7 FHde RMS#E ¢
7 2 R oz
U \% W F a4 e
4448 V | 4471V | 4438 V
A& A7) 7] %= 60.0 Hz | 8.2% LHE
17 (2568 V) | (2581 V) | (2562 V) i e
NE A7) 7] 2+ 4429V | 4445V | 4450 V 600 Hy | 8500
THEZs A2 A (2557 V) | (2566 V) | (2569 V) R e +d =
N A7) 7) B2+ 442.2 V 4431V | 4453 V AAA AA
) ) 59.9 Hz | 7.7%
N Fs Map 24 (2553 V) | (2558 V) | (257.1 V)
AFAZ1 7182 123 Q& 7FH(EEAE A-A FxR): 10% ol
2.7 23218 v |zl Ad=F vjnl
= 10 CHe[(®Q: v, MZ: A, =4 Hz, HES: %)
aom XEAIE Al DXIN Qg =X =gt
U IR \Y% D) W I3 F = =3
Section 5.3.1: %3} | 4453 0 444.6 0 0 0 [599] 79 8.2%
Section 5.3.2: Load 1 | 444.6 | 46.29 | 443.7 | 4651 | 0O 0 [600] 80
Section 5.3.3: Load 3 | 445.7 | 2389 | 444.1 | 2384 | 0 0 | 599 79 77~
Section 5.3.4: Load 4 | 4454 | 416.7 | 444.0 | 4167 | 0 0 [599] 78 8.8%
Section 5.35: Load 5 | 446.7 | 8452 | 4456 | 847.1 | 0 0 [599] 81
O 78 9 JygFFst Ax 24 HAA A=z ¥
nzs e Rahand ¥ A9 AR Judrel geb Wakg QAT A 24 24
H 2xy &S gy o] AP Fgst Ax 244 HAA O YaAAA YEE:

O NAA7 7 B FRARZHA A 24 BAA 023 )& 88%
O AFAY DA NGFZH A 24 DA 2 )& 7%
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