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Fig. 1 Laminated bus bar
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Fig. 2 Inductances of the bus bar
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Fig. 3 Bus bar inductances at different thicknesses
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Fig. 4 Effect of aperture size on the inductance of the bus bar
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Fig. 9 Some key sizes of the bus bar terminal



3110 XK [H

394

10 R/ BEHE I ] 5y 55 0 B AT 28 L, A1
AR A SRR B AR S R R e
SERFHRAR /NI —FB 53 AH iy > 1) 2 2E AN Ak
K, B v 5B PR B T AT ARG I, M B R A
Hm & R Z .

Lo=137nH %
10 SCBRESF TR A ) i A2 1]

Fig. 10  Evolution of key structures on

bus bar inductance

P11 XFFE 1 2 Fifms 5~ 2548 TR Y BEHE LR, BT
B3 B R S R A RN 7 R
fE L A

/s >

/ >
f \ ( \
\ \
~ ~
L,=56.9 nH Li,=19.0 nH

B sttt

Fig. 11 Optimization design of the terminal

HHERGARE 2, o 5 H TS 2 —
PR AT R o PR M AR PR, (L3 e By 1R
or AT, WEER BIAH G AN 18, T i — PR DT s AL
CTFBL. WTEARZ R RS T , n] 2% ks
TR BRI, R B E S/ MRZ 5%
JE R AN, T 205 AR SEBr A, 0 SR AL
BB, 7E 80/ N A AR FL R (7] sy S RE S il A e —
TEVEFN

2 SRR

Ry 9 A7 FLARCFNTS BC o B R HERfR M A SO &
JEREHESEAT TPk i, & 12 R T &
HEHB 43 o W3k B HE A S SG500MX- V6l
DANFOSS DP90ON1200TU 104204 512 5 fr F 3 iy
IGBT #:4H

K12 sk
Fig. 12 Experimental setup

M REHR R T T = AP OBIR AR 48, 2000l
AIER GO, PN MR, R () e IER RS
N e =22 18] A4 FLIE L, F0 N AR AR 55 B M =2 ] ) P
JECL AT a3 o AR DK ol R B 2 IGBT
FEE I, PR IRT i b A8 A A HUE O L4 IGBT Rk
AR A L) T (5) 15

L:%dt (5)
o, Au ——TF S T TS B i, U L g |
M R 5 Ad —— T RS I, 4 JF 26 45 i L 7k
54k

B 13a 7~ 0 i TE AR AR R N Al = ] F UK L,
(1 L B TR BRI, T 0645 D5 4 BRIEAE T1 i sk
i, WAS T1 8 I FEHE i 13¢ Jos , R A
HOofrk , i iy 2R Hrh—A> | iy DL H A L 3
1B A S B ) — 2 AR HE 20 (5) AT 33t A B A A
L, Ry 14 nHo M HLEAE Ry T 21 BEHE R
TR AR AR R N BROHR =2 () F % L F i R ]
13b, [l 13d J& 075 7 P08 FnEcH | [ 3] 53 0 £ of
RHERIECY L2k 20 nH,

Bl 14 7 H A7 B 0 B HEREAY | B9 M) H 2%
TR ESE 1GBT # {7 fb Ay i BH =C0%E 4% , 76 5K
B2 2 v, LU0 F, 2 2 SR 0 e BB 1 Pl PR T

4 +
_I'LI'IT_j D1
D5 —ih

5 * > o
- sz_ 1 Ld] 1
'——/WWWW\—J N l—YYYYYY Y4
1
ol T3 T3
3 L 3 -
N L;h D
D3 B 3 5
T‘U;ﬁm“ e, o
_ ) _ 5

a. THE IR % U b. T4 A i S P ]



14 JDIREE SR BRAE R X 30 AR 5 e 2 B HE A A R R 3111

[l 2]

— T A1240V

0| e il
: \ge > di=880.0 A
Vil ;

4

el E
2 del .0 Lo :
@ 00V @ CC][Zannns FETNGEE W
|G 4004 i~ SM g 4,80 V

c. THEMIREIE

Ble
| 1abus
(b
Vgc = )
(o]
s
'.f?'ﬁ%,“ i 4
S R \\"““‘
dz v
® 00V = J[z T ENE @ 7
@ w004 T M & N

d. T4 ENLHIE
B3 SUBK iy v i S 0] e
Fig. 13 Circuit and corresponding waveform of double-pulse

testing experiment

JIT LA L S 25 2 IGBT Pt i £ HE 5 R AN S
b, EE T AR FL U G A R — g
TR, Qe 14 Fi7R o B B IERRAR A SR AR 2 N B
B A L5310 16 T 15 nHL

e

B4 (7SR

Fig. 14  Simulation model of the measured bus bar

¢ v

TE B 24 300 F R ) 47 LA R {3 25, AT AR
AR 35N 14%F0 25% , iR 22 FE K H T 3D
ARRTCIi iR ZE . AP RS, 3D BRI SIS DIR
DX - L ZS AT IGBT FH Fi BH Mo AR Rr | SEPRae B
] AR ER 22 A A, ST B B HEFL AL 1T A 4y fRf Ak . LA
AR  T O 3D A R ooy IR, w4 S
G N S U S UIE 2 =X ] W ve .y - M i <
SRR T4k B JF R R B PR 25 . AU 5T
A A ERAS 1 S PRbe BORE 0 (L, 72 R ) DB 45 44 XoF
BEHEZF A AR 52 0, 0 R 22 76 T 2 2 L,
REVL AT B AT A HERA I o 55 Zh A 31 1) 1 T
Nl R Z A 22 (L - L) K. FERN

S, TR IE B2 3 S PR L B S R — B 2
Y o

3 4 i

AR SO B 2R HE R G EE S A HEAT R G I A
8, AT BEHE R T, 24 1L, i X B A B 25 4
Xof g HEL SRR A 5] i 2 118 S 56 0 R AR B IE T
ELESRERE A LT 458

1) 2 B HEJE B R ] B 2 20/d > 50 B, 7] S
BRI Hh i 2 N SO L G ] 2, il S
G 1, d T BEHER AR B 2R A

2) 4 H U B T 2E A, BRI RRL R
AR 5] AR . XS5 183 T LA
ZALE B, BEHER I 42 10 DT A A S i R HE
JE (EL o L JERAR A AR AR /N PR SE FRT

3) ek /1N B HE i 1R A3 ROSE | 4 i - ()
BB o e B 2 S5 MY AR RERE AR HERY
HE A R

i R G PEAE Y B 2 R HERY 2 4R R TR G
AR S B L J, Ay T U s ) e 1 e JR
AR E TR K [ A LIRSS F FAME RSF L
I/ NREHE L R R AL — R 148 T

(% 30k ]

(1] 4Ny, 5K, oo, 4. BT IGCT iy =
PR A e BRI B R AR A R () ). v T R A
2006, 21(5): 1—6.

[1]  Zhao Zhengming, Zhang Haitao, Yuan Ligiang, et al.
Failure mechanism and protection strategy of high
voltage  three-level inverter based on IGCT[J].
Transactions of China Electrotechnical Society, 2006,
21(5): 1—6.

[2]  Guichon J] M, Aime J . Busbar design: How to spare
nanohenries? [ A .
[C], San Diego, California, USA, 2006.

(3] ¥F 3, W 750 kKVA 5 Y5RE B M B4 A
=P AR AR AR 2 RS LT ]
HUHL T RE244, 2010, 30(18): 47—54.

[3] Wang Jun, Yang Bingjian. Configuration of low
inductive laminated bus bar in 750 kVA NPC three-level

Industry Applications Conference

universal converter moudule of high power density [J].
Proceedings of the CSEE, 2010, 30(18) : 47—54.
[4]  Wen H, Xiao W. Design and optimization of laminated



3112 K 6 ¥ 394
busbar to reduce transient voltage spike [A]. 2012 IEEE (2):225—231.
International Symposium on Industrial Electronics [C], [7]  Paul C R. Introduction to electromagnetic compatibility

Hanzhou, China, 2012.

[M]. New York: Wiley, 1992, 247—250.

[5] Rendusara D, Cengelci E, Enjeti P, et al. An [8] Giacoletto L J. Electronics designers Handbook [(M].
evaluation of the DC-link capacitor heating in adjustable New York: McGraw-Hill, 1977, 3—44.
speed drive systems with different utility interface [9] Grover F W. Indutance calculations [ M]. Princeton:
options [A] Applied Power Electronics Conference and N. J. D. Van Nostrand Company, Inc., 2009, Equation
Exposition[C] , Atlant, USA, 1999. 20, Part I.

[6] Caponet M C, Profumo F, De Doncker R W, et al. Low [10] Pasterczyk R J, Martin C, Guichon J-M, et al. Planar

stray indutance bus bar design and construction for good
EMC performance in power electronics circuits [J].

2002, 17

IEEE Transactions on Power Electronics,

busbar optimization regarding current sharing and stray
inductance minimization [A]. Power Electronics and

Applications [C], Trondheim, Norway, 2005.

EFFECT OF KEY PHYSICAL STRUCTURES ON LAMINATED BUS BAR
INDUCTANCE OF INVERTER

Yu Shaolin, Zhang Xing, Wang Jianing
(School of Electrical Engineering & Automation, Hefei University of Technology , Hefei 230009, China)

Abstract: This paper addresses the effect of key physical structures on the laminated bus bar inductance , including the
physical dimensions of the bus bar, the apertures through the bars and the terminals. Through the 3D finite element (FE)
electromagnetic (EM) simulation, this paper analyzes the impact of the full range of key factors of inductance, and
discusses the inherent electromagnetic mechanism in the study, a simple mathematical relationship between parasitic
inductance and key structure has been proposed and corrected some existing conclusions after the systematic analysis. At
the same time, this paper analyses the core factors effect of bus bar inductances, and presents some optimized designs.

Keywords: bus bar; inverter; parasitic inductance; 3-D FE analysis; electromagnetic mechanism



