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ABSTRACT

ABSTRACT

ABSTRACT: Recharger is an important component unit in the auxiliary system of the
locomotive HXD,. Besides the storage battery charging, it works as a stable 110V
auxiliary power supply which provides electric energy to the control system and signal
produced circuit. During the actual operation of HXD, locomotive, many problems
appeared on the recharger. This will be a great test for the maintenance beyond the
warranty period. In order to solve the hidden trouble, it is the most effective method that
realizes localization based on grasping the key technology of recharger. It will have
important significance that developing a recharger with reasonable structure, stable
working and good performance of output for good operation of HXD, electric
locomotive and improvement of Recharger technology in the future.

This paper designs the main circuit of the recharger, control methods under
different charging ways, and does experimental analysis for different control modes. In
consideration of safety performance, power rating and applications of the recharger, the
isolated half-bridge converter circuit is adopted in the main circuit topology. Meanwhile,
the power transistor IGBT is carefully selected and isolated transformer is designed and
studied. Moreover, the output filter inductor and capacitance are also designed.

In this paper, the principles of the constant voltage charging, constant current -
constant voltage charging,variable current intermittent charging, variable voltage
intermittent charging, etc are analyzed. Considering the operation environment and
stability problem of the recharger in the locomotive, too complex controlling methods
for charging are not suitable. Therefore, this paper mainly aims at the controlling
method design of usual constant voltage charging and constant current—constant voltage
charging. Based on the fixed frequency PWM controller SG3525, the controlling circuit
for constant voltage charging is designed. By adjusting under voltage regulation loop, it
achieves the function of providing stable 110V DC output. As the battery is charging,
the internal resistance is increasing. Before constant voltage charging, as the charging
electric current is larger, the battery will have an overheating problem.Considering the
charging quality, energy saving and battery longevity, the constant current - constant
voltage control method is researched and the constant current-constant voltage
automatic conversion circuit is désigned in this paper. By adjusting under voltage and

current regulation loop, the function of the auto switch from constant current mode to
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the constant voltage mode is realized.

Further more, the heat loss of the power transistor in the recharger is also analyzed
in this paper. With the heat sink modeling and its analysis in icepak, the structure of heat
sink is optimized.

Finally, a recharger machine is designed and built. By doing the experiments, the
function of the recharger, including 110V stable DC output within the maximum
fluctuate under the constant voltage control and the auto switch from constant current
mode to constant voltage mode are achieved. The results of experiments demonstrate

the validity of design including the main circuit and the control circuit.

KEYWORDS: Recharger; Constant Voltage Control; Constant Current - Constant
Voltage Control; SG3525
CLASSNO: TM461.5
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AR (4-9)TTHR IGBT Rk 1% F KM PN £ 2502 MEA M

AT,_,=0. 26x278=72.3°C..
%8 IGBT &E SR A 150°C, P TIEFHLER 145°C it, BT HEHHA
BREMBERE AT =T -AT,_ =145-72.3=72.7°C , AP BB MR LULEE
HEHBEH,

42 EHSFENLIT

42.1 HRBREESHR

TR BHRERT > ZURAME MR, BT EGNEFEFENT
fETLE A, DB RBHETHR, FHHHEASNRITLATL, KXAHEH
ICEPAK #fF5f a3 84T T 3D B0, ICEPAK B—FK LRI =My
Pkt ©F BRI 3D MEITAE, AR AL AR E— e SR T iR
Bofi. BAREELSERUNT:

LB—: BILHAE 3D HHER

R B 4-4 FiR, FERAERRE LT —/MAESRL, RE9LEPH IGBT
iR, ZEERT LAY RRESH, WA 5-5FiR, 7E Total heat # kAT LI
Bk #&E, UAIBRSEERMERTH.

Sources =1}

€ Jousheang Ea

I Radalion £
rYwuunﬁl l 3
™ Fixvakes

ot | M| _fomt | Dok |
Cyon | 0w | Gt | o |
B 4-4 {338 3D IR Wl 4-5 $ I8 B EHE
Fig.4-4 3D Model of Radiator Fig.4-5 Heat setting box
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B —. ICEPAK B4t H
7 ICEPAK 34 % M 1) solve A4, ik run solution #r4, KIFEITT44
SHGHH, ﬁﬁ*ﬁf&m@46m30

D El‘il ’nq-clf’m" ‘VZﬂ" ﬂl val:

20 9.47720-2 13573 K2 2.00% @ 4.0170e- 00 6. 2845067 cmga R

reversed flew in 3316 Faces on pressare-estiet 2.
29 9.05230-02 1.0090e-02 3.0260¢-02 4.5095¢-08 4.7580¢-07 0:01:58

reverses flow in 3330 Faces on pressare-satiet 2
0. 170e-@ 1.0570-12 2.4126e- 2 71620083 6.56040-8 H:01:07

: reversed Fiow in 330D faces ea pressure-estiet 2.
T 702 1.502e-12 3.2781e-02 1.98Me-0 7.12650-0 0:81:52

!
i
'
|
t
|
reversed flov in 3316 faces en pressere-estiet 2.
22 7.0270-02 1.5007¢-02 3.20100-02 $.9057¢-03 7.17000-07 0:01:55 \
reversed flow in S319 Faces on pressure-sutlet 2. ,
30 6.55000-92 1.5026e- 12 3.275%e-R $.9317¢-W 1.3115¢-0  0:01:50

reversed flew in 339 faces se pressare-eutlet 2.
1ter continaity x-velocity y-welecity z-selacity mergy tine/it
34 6.3 12 1.6230¢-02 1. 110e- 12 1.0051e- 12 6060107 0:00:50

iR reversed flow in 3358 faces on pressure-setlet 2,
25 5.57550-02 1.60990-02 2.980e-12 1158802 §.0002e-0 B:02:00 ‘

reversed flow in 3358 faces em pressare-setlet 2
ulw!lmﬁl"ﬂ.!iﬂ‘rullm' “e:n

. reverses Flow in 2370 Faces o8 pressere-setlet 2.
haa SNSPUUIPPISTIURRSE . o g e s SN 37 429700~ 1.6307e-02 2.5050-12 1.23706-02 5.92000-1 0:02:15

reversed flow in 3374 Faces ea pressure-setlet 2.
W 1.86520-1 1.597%-02 2.0000e-02 1.20500-12 5.04300-& S:2:00

reversed Flow {n 3408 Faces en pressare-setlet 2.
- B9 30000002 1.5375¢-02 2.2153-@ 1.2250¢-R2 500010~ 0:@2:11
Soratora

Dos | o | Towban | in | s | ]
TXeg WY Fomios Flam 7xed ¥yged

e 4-6 (iR S Hit Hid i
Fig.4-6 The calculation of parameter imulation

LRBR=. BERESMALER

M post K H, Hifi object face A EI ] BRI BRINBEE M HtER,
NS B 73 At 0 BT AT BB BB 7. RS BN 4-7 Bim. M
wESAEPATUEY, RENPOEERESMN.

Tgmperalure

72.3211
68.8731
65.4191
61.9651
58.5112
55.0572
51.6032
48.1492
44,6952

reversed Flow is 3085 faces en pressere-cetlet 2.

. R ..
t—.“--‘--“‘sm(“ous‘urg,ﬁ""'-l“l‘l- sEBL g

Kl 4-7 ORGSR S A I
Fig.4-7 Temperature distribution of radiator
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WIEHRBEE EMZRMUESEN, BRBZHRSTRAK: 30cm  %:
30cm & 8.3cm, ASCXHMABMM T TREBH, HABMTOKBEE
Fw ARG, MABERORUEDTREHNENEE. UTRER
BHILhER 195W B, SEARRAMAHET, MNHASRENREZUHET T

Lo T o
(D 104M A
4-8 10 M A TEK
Fig.4-8 Schematic diagram of 10 fin
TEmperature
96.0319
91.4693
’ 86.9068
82.3442
71.7816
73.2190
68.6565
64.0939
59.5313
B 4-9 10 M J5 B PR ARG BE A R
Fig.4-9 Temperature distribution of the Radiator with 10 fin
(2) 16 MK

t 4-10 16 M A AR
Fig.4-10 Schematic diagram of 16 fin
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Temperature
C

79.5603
75.6813

64.0444
60.1655
56.2865
52.4076
48.5286

K 4-11 16 M BES
Fig.4-11 Temperature distribution of the Radiator with 16fin

(2) 24 MK

K412 4 AT EE
Fig4-12 Schematic diagram of 24fin

TEmpeuture

69.9005
66.7231
63.5457
60.3683
57.1908
54.0134
50.8360
47.6586
44.4812

Bl 4-13 24 M F AR BREL BE 43 A Il
Fig.4-13 Temperature distribution of the Radiator with 24fin
B b xR BRI R, ATLUE S, BEEMAIES, B
RS H5R, BRBEREUHEEN A MEET TR, 24 M, HHA
RREREREE 70°C A, RIFR(-9)THS IGBT SR B HEE 142°C KA,
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BFHE IGBT IERMIAI AR GHA. BEN, HRERMLRER 25°C, HARKRA
5HERER 45°C . A XS, BRSHEBHNBOMMGES, ELEMEHRE
KGR, BIEMAHILRR. 24 M RE THAER, FHREXMIE 24

MR A B RAER

423 HHBERAHHASTE

ET LR HMHAREMIBOT 0, TEHE T XER/MIER TR B MER

HBEKEBRHER, HHIRDT:

BHAERRST K: 30cm %% 30cm & 83cm K E: 62cm BATE: 4mm

MAA8: 24 AR EREEE: Ar=45°C

R FHERN: A=202.5W | (m*k)
FRE K i, =20.1x107° pa*s
FHEERRY: A,=2.9x107W [ (m*k)
TR LR P. =0.696
BEEENAN: p=1.165 kg/m®
M E: L=0.1 m*/s= 6 m’/s
BRI Y& ER:
d=—2a—b=0.0143(m)
a+b
I HIE s
v=——{‘—=4
60x23abx2
B FEHH: G=pv=4.66kg/(m**s)
Re=@-=3318.98
H,
ATH AR REERRECN:

'1 0.28 033
=1.4=2R*Bp’
a=14-rR7p,
=1.4%2.028x9.68x0.886 = 24.35W / (m* *k)

e H=621x10"m
ME: 8, =4x10"m
A, =202.5W / (m* k)
M=(=2)=775m"
; 04

MH =15.68x6.2x107 =0.048
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L Gulay:op €55k
_thMH _ th0.048

- =098
T ="mH T 0088

BABKNER:
Af
o =1"7(1"’7/)
HEd AcHM A ERER, A SR BBERER.
L BWER .
A=0.992 m* A=1.188m>

BEHAR @4-17) T8 .
170=1—%f—(1—77,)=0.983
AT R R A -
1 1

R,=——= =0.0352
adn, 24.35x1.188x0.983

HAREAEE SHENERRER: Ar=45°C

BHBRTH TR RERR:
p=A_ % _riaw
R 00352 °

sa

43 EEPNE

(4-16)

4-17)

(4-18)

4-19)

AEXENNT EHBPIHRIF XY IGBT KA & IGBT E R H B HE
BISIRE, FEOEAMAMTIRME ICEPAK XHEHBMI BT T BT, Wit
BHRBOGEH, IMAREHTHRASKBESMER. FRXEENBRES
T T BRAEARTE, HHERHL IGBT BRMBHER, ANBEGRS
RRY IGBT BB O EMBERS, HFEHR 278W B, BEH 70 F, THA

IGBT &4 140 B4, B IGBT AfAZTEHEA.
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ETF LR/LBEWANMT SR, Ao RIxHEEEH T AMER-EEES
ARHTT AR, RRERWT:

51 fEEEHARXTREBNALE
511  RESEEX
RENFEDEN AR S HAAERWT:
BMAHBE: 545V+5%
BLEE: 110V+2%

FFXHE: 10kHz
BETHE: 14kW

512 RBERHH

(1) ¥ A 40A HRB B

Tigd  MPos0000s  CURSOR
L B S Tk _JL__BAn MRsOls  CORSR
| o e BE T AT T
IR R R S
iy * § = ; artsh
A A ‘
Lo I R
toon ENNTTITR T STIREPIRTRRITY Tesvaiesnes e e e e
A TR0V CRTOV M0 T T aaew O 7 T ™ . S
10807z <k
B 5-1 Bk BT & 5-2 Bkap R
Fig.5-1 Drive pulse waveform Fig.5-2 Tum-off Pulse waveform

AR Bk P PR AR ZE 180 FE L AMNE T, B 5-1 Fiom SEX IS (8] 4 10ps,
Bk B KEBLEA+15V, REBER-TV, Bkepkkrnt, Wi in—/ M8 ES IGBT
# G, EF¥g. Byt IGBT RSE. MkrbxlritErmE 5-2 Fir.
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10V BEWE 5-3 Bir. B 54 ARERERKE. NZBRTUEH
EEBEEMWJ 2V, HBEXHEEREMTF 2%,

L1 B o e Tek izl _Jg  e—————— gz

A . ¥ @« . { ST

1 21y oo

.................................................. 10V
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Wa0.0ps A ChT F —90.81

200V _]

[ R M{100is] A Chl /- 4.00V

i#+v0.000605 | @+v[4.27400ms |
5-3 M HEERE A 54 i EEBORE Y
Fig.5-3 Output voltage waveform Fig.5-4 Larger waveform of Output voltage

ORI T | g UIERVTEENLS ﬁ"mﬁm“"""f“
5-5 RERRLWT A 5-6 f it s R FIBK 3R LB
& 5-5 Waveform of Transformer Fig.5-6 Waveform of output voltage and
primary side changing pulse

BS-SAHRERMAEY, HBEXKEEVAABER—F. B5-6ARRRMAR
[ERT, S RER BN . HPEa, b, cRIAMASIOV, 545V, STOVHE,
Frxt ARk G . MBI R LUE S, BEE RN BEARRIE K, Bt & 2 BT
A, B EERFFII0VAZ, A3 THH B ERERN B K.

(2) HIhER (B 120A) RBEF
WrhENEHBRERE, SHEREY, Khsk, TEERDEES W
- E57, B58, B 59 BS5-10Fm. NERETUES, WHEE, s
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HEERE, WiitaE, BELKD, TEBE. Kt EARE S RILRYIE
o WHRRETRBHLIIERRE.

kAL — ‘
4y

ettt 57 W
[ 8 4

R T T W T YT S T YW RS YT

v 0.000005 ~ MY gensooni -
B 5-7 110V Hdi IR R 5-8 Fili s
Fig.5-7 110V output voltage waveform Fig.5-8 Output current waveform
AR L ] ‘ LS A S o

R - WabOus A ChT 7 6.007 e A 500V M40.08s A ChT 7 ~2.00V
§+v0.00000s @++0.000005
il 59 Rk v B 5-10 RERFDEF
Fig.5-9 Pulse waveform Fig.5-10 Waveform of Transformer
primary side

513 HETAR IGBT LIEEUAXM L7

A AL ERBIEMK IGBT XU €5k FFISOR12KS4, Hifif[EHR 1200V, &
RASZHFA 150A, KT HH1i%%5 IGBT 2RI th TR LB AE
f, %% IGBT FE tM—& S IGBT FEHNE FEAFMNHET TXH. ELH
IGBT & A 72 2MBI150U4H-120 &5, fiif Fith & 1200V, & KGN 150A.

PFH IGBT iR T & IB1T MR —BREF R/ JE, 38R IGBT mlhid o i
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5-11 Bin, 8L/ IGBT Bi#vS & 5-12. B 5-11 I 5-12 & FARR G AL
ARSI IE 2 i B AP B AT LU, €M IGBT B FHER (R — L8,
8k LFF IGBT MIRIME AR Y, #7E 70°C L, SHABREHIENESR
BEE R . MITTIRAE T IGBT R M IF 81 DL R Al 88 R H BB At .

B 5-11 3Kk IGBT #g i
Fig.5-11 Thermography of Infineon IGBT

B 5-12 &+ IGBT &K
Fig.5-12 Thermography of fuji IGBT

52 EREEEHARXTREENRE
521  RESHEX

BT ZLRFBERIFER-1EEBERIE, ATRRSEETRE, &
BESHEXRWT:

BANHIE: 80V
BRHMAE: 12.5V
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fi#&: 0-10Q °H

522 WRIEERSH

ZERAE A TR e B e B LB, R BRI SR T 4R, HifHiA
B 2Q, BRAEMERE 3.5A B, B EAS 7V A4, WL GaEMEE, B
H B EBEE SR KT AR R, HiAF] 127V B, BEESANEENE,
ALK BN, BEEEAE, HRBEBRAN. TR TRENMIRE
BIFHHIERNTIR. ERNBWME 5-13 fiR. EERBRNE 5-14 FiR.
(1) ERTAEME
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oF e AP 6.86V
sty K b s T Cha Py
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. ; i i ; i i
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Fig.5-13 Constant current waveform

(2) EET/EMB

st it ot
Chi} 10.0V M.400ms_ A Ch1 J 4.80V;
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5-14 EETERE
Fig.5-14 Constant voltage waveform
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Fig.5-15 Changing pulse waveforms with constant current to constant voltage
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Fig.5-16 Pictorial wiring diagram
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