Acta Aeronautica et Astronautica Sinica

Jan. 25 2012 Vol. 33 No. 1 129-137
ISSN 1000-6893 CN 11-1929/V

http: //hkxb. buaa. edu. cn  hkxb@buaa. edu. cn

XEHS :1000-6893(2012)01-0129-09

— b 2 L T A T AR A ) A AT O B A

LR, EA

BMEMEMAAF BATIRA THAEHUFACTERRBEALRE, ILH B

210016

wm O=E. %&*ﬁﬁ%?ﬁ’ﬂ%ﬂ%%%%ﬁ?ﬁﬁ%ﬁ‘i;ﬁ(DC)lﬁ]?&%%%ﬁ}#(SSPC)E’Jﬁ?@*ﬁﬂo F T 32 4% FL s
PR Az SSPC W 3 B, T 1 1 2 M ML A A2 1 LA AL SSPC ﬂ<J‘f§ﬁiE$ﬂ‘F§§5\?§¢fc M T AT D9 MBI AR AR A e AR A
g
SN

SRR 9 AR L 5 08 T 52 bR L SSPC A4 I L AL » X 1248 2 ok A3

HE o O3 M iR AT A% b G 2 A4 O 3 ¢ BT i A

£ Saber 5F’K14:LPi”-lﬁi%?ij§iﬂe#ﬁﬁiﬁﬁﬂiﬁﬁgﬁiﬁﬁ\'ﬁ%@'f&ﬁﬁiﬁﬂ’ﬂiﬁ”@‘ﬁo Pesg Ve A A SR R B AR L AL T

£ o

HSCEE R A 25 1A Y ,i%]‘%ﬂfﬁi”ﬁ%ﬂzi%%ﬁmﬁﬁﬁ\%{ﬁfﬂﬁﬁ‘éc

\ ¢
£, xmﬁgﬁ%ﬁ;mﬂﬁﬂ;mﬁ;lﬁlﬁm{fﬁd‘ﬁﬁxﬁfﬁ;&@@
1Y

3 ﬁﬁg@ii}

N\ e
amﬁﬂxmm%%z@kg T 77 1

E%W%Emagﬁﬁgégfqmﬁﬁmm@

%ﬁmﬁ@oﬁﬁm$éu i

hESHKE. V242.3; TM56

P T F A I
25 1B H VI I R 0 R AR B AR A
AE 7 AR L AR TR AR TS R R TUAR B RE 1 AR
F 5 AT S 7 BT AR 3L A T R g
#1758 (Solid State Power Controller, SSPC) 1E N

@ﬁa@m%§a¢ﬁb%#ﬂ%%%mﬁﬁ\

T+ FL AT e W7 T 0 28 e e £ 3 R Bl
WA ARSI .

N\
HOB LR 54 A B

TR H LR AT T AR A I 2 L DO 40 7 J kK
R RGBT R B TR R T
R D 035 S 25 o, 3009 oL P 2R
U A5 I 2 ok R 5K T N A8 B O 72 2 R A
HOSEIR . VP22 ) LFE 2 5 0 1 22 A2 R 5 5 % B
H AE 5T T2 S5 PR R A O B A
KEAH . B KR PR SR G I R

IS TSR R S AR LA

Eﬁkﬂ%ﬂ%ﬁ%ﬁ%%&%ﬁ&%T@
PS5 10 e QNI 95 e 5 0 I 5 1 1L 2
bl 25 2 I T 19 150 78 L SSPC 5 9 2
ﬁoﬁp%ﬁ&wcwgﬁﬁ%M%wuﬁm%
55 PP BT 75 5 % 5 B B 1N L SSPC 1 fT %

TRENEAT B AP AR TE « 511 5127 3 0 SSPC f B
1 W FUBERUEE T BRSO L SCRRC 10 138 ek

PRz ] 3 L 3 R 48 P B SSPC /MG 5 g At
e B4 B O Ty A e g A AR I RGBT
MOSFET it i A il i & R BN RE AR
RE o SCHRL12 TSy 1 — P 25 REFR 5T il 1 A 2
JE A 0EL L BE A ARG T A8 A PR UL L BRI 3 R S 2
FRD 3 B8 PR ek AT A B I (R 47 ek ] . SCRRC13
JI Saber {1 (9 )2 UCH LI AE . X SSPC 11 52 B
HLBKUE AT B L T AR R A, 5 PR Y
SSPC PEREA R4 B9 — Btk . SClik[ 10 SCik[12]
FSCHRL LS T A Jy 125 5 T 52 PR 2 4 R AR A AT

WrEH: 2011-02-22; Bf& B H#: 2011-03-19; KA B : 2011-09-29; W4 H hikiE: 2011-10-14 15:05

) 4& H AR M 3 : www. cenki. net/kems/detail/11.1929.V.20111014. 1505.001. html

DOI: CNKI:11-1929/V.20111014.1505.001

E&TB: s k234 (20091952022) ;2010 45 FF 50 A5 ML R K24 AF 53 A8 A1 H 56 b (5258 22D TF it 4

% BWEH . Tel. :025-84893497 E-mail: liwang@nuaa. edu. cn

7 # A . Ruan L G. Wang L. A novel behavioral model of solid state power controller. Acta Aeronautica et Astronautica Sinica. 2012. 33

(D: 129-137.

. 7. —HHLERES G FERETHREY . EFR. 2012, 33(1) . 129-137.

© ML 2 4

http://hkxb.buaa.edu.cn



H}

130 i

¥ #

Jan. 25 2012 Vol. 33 No. 1

A BB 5 Y B 3 A H0L S B A R RO BB O HL X
SSPC # L i B A FURUF O 45 S A . (U Bk
SR M B WA AR R RHLECH R G
SSPC AU AT LA B RCH 4> a0 SRR R 2 7 52
N R A IR L IR 2 b SR 2 A Bt DR B ) LIS
(PR € = o N 6 TN 1V QR P v S e 7R A
FAnAR PRI R I AN TS R B RALE 1 R GE
Pr¥. SCRRL1A A SCERL 1S T4ty T —Fh A7 o el 4
T3 s AN T 52 B F 1% 45 1 N 7 A7 LR
WEHTREE IR RGN0 B, %L SSPC 2
A2 7 FRL U R A L I R B S A L b Ak R 4 L 4
7 AN BE A 6 2 RLAPAE DL [

O %A % SR SSPC 1Y HL it )

© T L9 A I 97 28 BHL BT A KD

A BEL R 67 2R m?%mﬁﬁomﬁﬁ ﬁ\\ CPEBT AR SCHY AR

A PH ST B IO 55 KA S5 R . L& 57

Egi}n\&o \f *{{
@ 4 SSPC %% Ik fif JiI i %ﬁéﬁ,@'mﬁ%ﬂ
%,L%%f%ﬁiﬁﬂtﬁ:xi?l ﬂﬂ Saber I

MATLAB hﬁﬁ%ﬁ%ﬁ&ﬁj
Sy fi g LI ) gt % SSPC fy 1%

S S W . 42— %‘F?ﬁﬂ’]%ﬂﬁﬁiﬁiﬁ’]ﬁ

B SSPC $  Br HL A i i A L i 4
il MOSFET B9 #iF 5 e T 52 80 6 28 6 0 22 30 4K
T 5 24 0 4 e A 3ot YA R AR AR I LA B
28 B I 5 4 140 B0 e T LA 0 BB P
MOSFET 3 7 . 92 B # B 07 2 10 B 25 . M SC ik
(14 RIS 15 ] 42 B 35 [ Sensitron 24 7 A
DDC 2 7 7% i 52 56 I 328 25 52 77 DA o) — Mk 1
it SSPC Aty 4li BH M £ 2B, 8 B 28 1 3 A ¢ Wi i
T SR R R LR P b TR W 5 A B £
At TS LT SR R 1T Tt R
A TR B FLICHLPE 5030 F X718
SSPC\@‘%?F;:I%?F&E%‘@H%UTvﬁ/l\%iﬁﬁﬁ%ﬁ
ot A 8 XA ) T 0 6

5 %M ‘\%ﬁﬂéﬁﬁﬁtﬁﬂﬁﬁfﬁﬁ At SSPC ity 61 e 45

fE f% 1F ) S B B
SSPC #4218 F1 R G B m%‘@ AT AT

] 2 2 A SCARE Y ik T A7 45 TR IR Y B I
SSPC 17 AL, 43 S JT 5C 2 5 RHBAR = 77 2k
%%@%‘fiﬂﬂﬁﬁ?ﬁ*ﬁWE@%@iﬂﬂ 5 AR
Vavs 0

Bus voltage sensing
Veus DI

" || Switching |K

LR BOR T FURT B M SRR, Clsvihing Kl 1/ | Ko iir =)
O ELMEN L BE L T4 45 PO I 1 20 0 LA — == T e |
GO ML AN, (5 IR R R T % Lo E
R B P R < acugion” | | doigion | g? _

1 BB SSPC 17 g A BY (14 $2 Hy

Bl 1k — M B SSPC Eﬁ)?}ilg\
P YA e | o 5 s o L B W%?"W%’%m?iﬁ
57 . PIFHR 4y B By % MOSFET A 16 0 s 1 41
B, PN R A & MOSFET 3K 5) A i |
G R B L % DR ARG T B A I B

Power supply

Bias Power i
. , Internal ower in 1
?#gﬂ ¢ pawct MOSFET
supplies Hetyiap 5
t Short circuit /Sclrl.gfnnel
Status | Isolated pr(jlccllon resistor
Status 2 control &f}ﬂ}lii © Power out
Control and state [ €W
command feedback Latches
Bias supply
ground I ——"
Bl 1 E SSPC R HLFE
Fig. 1 Schematic diagram of DC SSPC

N

2 T2 B E i SSPC 47 151 A1 s H A
Fig. 2 Schematic diagram of DC SSPC behavioral

model based on dependent voltage source

TF OB R PR AL B A T 38 5C W i 4
C 5 s i} BR o i Ao A B % 10 00 3k i G e (5 55 T
L% SR g P O A A B T Y B G B AR 5 S iR AT
BHIZHGH Ke 59, Ko 4 & PR R 5

Bl Ay 4, Ko oK H 3 D 36 7R 4006 7 1 28
.

2 G IS R s R I A A B
WAL T 45 T 502 B A6 B s 4 0 48 B o i
W I JR S A 00 A6 B A G A v P i &> S 45 0T K12

BB I % A %Fﬁﬁgﬂg{] m{;}\npl’ Ei\lg:lfgaoedﬁﬁcn



96 37 B 48 - — 7l 7 A8 L O I8 2 T A o 4R AT A A A

131

A D 3 o R B K o = 10 Ko A 1 R B H
0 Byt iE] B Sk SSPC 1 45 8% 45 4 Bsf 1]

Ty Fe A He py AR A D132 45 i R IR U
FHLEH Ro A8 . D1 JER T PR 1UE SSPC (1 5] &
A, LB R.. &8 T AL SE bR SSPC i 53
RHL, F DA 7= b B0 F- 0 v 2 3, A2 e TR R 9
JE RN AS 5 7 A B K i« 5 A 0 A5 B
PR K gor FL IR A HLE Vs 8 B A H]

REPAF 5 77 A B P 5 Ty AR A5 B 1) 32 455 g, TR YA
|GG s = A £ A o N R v o 1
B Vs 25 T SSPC HL K B Ve 5 1 38 L R R
Vieaw ZH 38 33 1 1) SSPC ) Hi, FF [ 3¢ 18 48 1k 40 72
AR AV AR 5 BT B 2R R R AR A R

3 Ca) SRR 5 77 A A ey T 28 I8 g A

IR RGO 1R IR 0. BUNE,
R, \(@3
T o BT o 2 T 38 1 OC W H‘j‘ [i ’R\%\ﬁ I F Wt
AR E], 0 % R ANA\KC i
FL - 1 0 A8 T, LR ¢ 9 2 % i 5 B
e K 2 g PSR Xt A 1/

N
O\ 4
o S W e
a%ﬁKm%ma%ﬁKw@oﬁﬁ%%%ﬁng

K.
@ 1 1 K.wub.ll
- S = -
b
P~

Selector switch Integrator
(a) Schematic diagram

4

L 2 T t
(b) Working principle
\‘;v
% }a&l 3 RHEAR S 7 A R S IR RLEOE
{'\'F\ig. 3

Schematic diagram and working principle

of ramp generating block

% SSPC Ak T Fa A5 TF il K 45 1+ Ko = 1

SSPC Ff i IF [ 0 WLV - T A8 B4 45 D1 19 IR

B Uy =0, BT AR Ry
szvw%&mm (6)

vamﬂuiﬁﬁﬁc%ﬁﬁéﬁﬁ%%

V)
- ) KA Vigus « N BHERN Ry, 1Y HL R U, 53X T SSPC #Y 5K2
Tur AT Ko &% W*W“é, M R R 9%
K. fﬁm%‘fé#?{tég 4.
switch =
t—1t O o "
T - € [0,1] During on operation () +* F W sus
on ‘;\(‘) L) D1
1 Steady on state I e i i
R — € [0,1] During off oper 10 \\\ o
— ’ [ 4
T & P ’ R, - 4+ Hea =
0 Steady off st 3‘ %
x\
ot D R 2 e O B 4 TR 0k B

\ 4 .
Ke Hl Koy B0 7 56 2 40 S60) 5. R
S 2 AR

U(]Vs - Vm;s - Kshorl szilch VI;US (2
Vit = Vius —Up — Uaws — RonIsspe =
Kshurt sznchVBUS - Um - Ron ISSPC 3

ﬁ'T‘:Umy‘j D1 E/‘JJ—_EFEJEK%;ISSPL‘,iﬂ SSPC E]/‘JEE
Tio A PSR L K o = 1,20 (3 R

Vied = Kaiten Visus — Unt — Ko, Issre €9
A B0 Uy R, b1 R, 7T LIS
Vied = Koiien Vius (5)

MO RN AT LA H L 580 e
EFHRUR R

Fig. 4 Equivalent circuit of behavioral model in Fig. 2 dur-

ing steady on state

2 SSPC 4b TR 25 K Wi AR B B Ko, = 0,
Ugwe= Vius» lﬂﬁyj?ﬁ[%ﬂg %EﬁZ%ﬂﬁZ’zvﬁ
Lh Isspe =0,Upy :O,ﬁ;Hf@J

Vied = 0Viyus — RopIsspe = 0 YD)

a] PLE W R BOAR O Z L (H LB SSPC
RO — TP R o N B R, 1 HL R R .
Bt LUZ R RIE RS S S Wk S T sz B SSPC 2% Wi
A A v BELPD R A — 330, S e X B 2 Bt s A AR

(i X LS I N U G i UK R R
© AL 2E g3t hup:/hkxb.buaa.edu.cn



132 fn ® % # Jan. 25 2012 Vol. 33 No. 1
Vs O + Q Qe
Bus voltage sensihg X =
Vaus DISZ J‘lgm:‘l Ry Ryr ‘-}I(
|, |Switching| K| !
logic - NN ey S -
W2 . PEl 6 5% i e DR U D196 . L i 50 4 1 25 3o
: Fig. 6 Thevenin equivalent circuit of controlled
. ‘ L

Short-circuit
detection
3

I*T overload
detection
3

.
Current sensing

Bl 5 ki B R SSPC 47 A k7 J5 ]
Fig. 5 Schematic diagram of improved DC SSPC behav-

ioral model

S B AT R A LA Ty A [l g e BT R IR Y

T X MRS IR Do HAFFOE X AIFFC
BuEMT .

D 4 Koo =0 B FF X xu:agumv? X
W IS 1) FL LA R

D Ko 0 I l%g RN E,
BRI D BE

4 v U Imk%ﬁﬁm SSPC % Witk 25

TR U L. Sk TR O IR A R I TR L O
Leac 5 SSPC I 7K 52 B HL e Vsspe JBGIE LE 5 B
L = gVSSP(,

g O 4% L TR IR B 5 7S 2 4N TM?F'FHT\{
\,

(D HRHE SSPC 7 it Fodls Tk ] e+ 3515 21 o,

g = /Uy \
XUy iﬂ%’ﬁ%%ﬁ-llmkiﬁé%ﬂ)\ﬁi"g
ZRE B K U B A s A . \e\\ Tl

2 SSPC b F I3 3 7 i1t 2 B I R A5 TF
AR ET K i =0, FF 3¢ X T8, He 55 L 3t 15 %
S I R B AT B (BT 5) 5 TR AT R B R (A
2) e E—E,

24 SSPC Ak TR A SCWrtR A I, HO¢ X G,
W Ror = Vius/ Lo B THEHT Uy = Vs HZ
W D1 g AR ARG, BT DL Q s E
W Z PR IR L AIF 2 X AN &L 6 7 7% 1 3 4
MR K Uy, = LeacRon = Vius o B AT AR
RUERR S SCWRIR S T o ELUL (Y A5 A G &l 7 Jr o
X UL BT 5 AAT Ry 45570 A G W i 2 s BB Y, 5
PR SSPC e Wt isf 1) 5 1k — 2.

current source and paralleled resistor

—OVaus
DI
Tsgpc=licax
V.
{ Rufl' N x e
NN,
,?(\ 0‘¢ =t - + 'Vlmd -
L4 \ . ]

(\
\ 7 0 FLI SSPC AT o R A 2 36 IR Y 450

Fig. 7 Equivalent circuit of improved DC SSPC behav-

ioral model during steady off state

2 HR SSPCﬁjaﬁ%?ﬁﬁ}F% ORI

3 SSPC [ S Rk g b T
XFTEL 5 oty SOV L L 3 g

ﬁ”ﬁﬁﬂﬁﬁﬁgﬂ?kﬁfﬁ%ﬁ P BUN G S
7 0 B R RS ARSI - K =0 8 5 111
%Xﬁ\ﬁ'r?”%{?ﬁﬁ%ﬁ%ﬂ% 3 F £y 4
QR T B (1 2) 58 % — B ST SR I i
SRR 4 X B 40 B

2.1 #FEMHREH

&l 8 Ca) J& 47 4l B P 17 2% 78 JF £ 28 OC Wi i 11y
A AL L B o Riaa 0 T 0L B, A DL AL T IE ]
Efﬁ}lﬁljé%sUm:OyH

Vit = Kawiten Visus — Ron Issee (10
FH 97 38 R 2l BE A L i
Vied = Rigaa Lssec 1D
. Rlozld
Vload - Rload + Ron szil('h VBUS ( 12 )
R
Isgpe = Ro. + R, K i Vius (13

M2 F 3 A LA H L B 2 T i
SSPC HERISZEE T 17 48 ff & A1 67 28 i 0 F 3 A 2k

PEETE L G T B W 8(h) i .
© AL 2E g3t hup:/hkxb.buaa.edu.cn



0 7 ) 45 < — R AR L U [ 2 ) R T 2R AT AL

o I/I\'Ij.‘.

4
+ Vi =

;

Boad

(a) Equivalent circuit

41 6oty

(b) Key waveforms
P8 a4l B £ 2 ry B SSPC ﬁjﬂ‘%ﬁi \
DC SSPC behavioral model with pure res?&é bad

Nt Ve

Fig. 8
2.2 FHEMRE

K 9 (a) 27 P2 @)\%\Fxluaéﬂfﬁﬁﬁﬁ
i B s B TDEES

b B 20 % 3 1 %\ﬂ, B D1 AT IE
SR . B AT . M SSPC S
LB L B IE 4R 5 AT AR TS R Y T N

Vius

I J—
e ( t) Rload

K switch +

K 9(b),

it L) T LA Y Tssnc 53 B 2\5@#3% D
Tﬁﬁ%ﬁﬂ%l;ﬁéﬁ%ﬁ,u\ﬁa,@ﬁﬁa%fe‘r%‘lﬂéﬁ
AR XA IE T R A E AL
A H R e B, R bR B R T, .

ty B 20 K W F 5, 21 T2k HL 2 BRI L il

EELF’“%LTE'&,_*&& D1 75 X Wram 4 & e B —
B[] N AR L S B 38 R 28 1 0 RE o0 4l 1 i K
FE BEL ik i L 3 S T A

2.3 BEEMAH

SSPC a7 Jgt: 17 48 I 75 2 A B 48 A S S O Bk
— NS A A 10 Cao i D2 [R5 4 R
VR SR BT I i L 2 3 B T

Cuw P20 —et— 1, = T \1\:\>\w
A e (o) R B BR BRI, Tssee /ﬁﬁ/ﬂ*%@

133
Vaus
o
X
Vise
= = de .
Cioa
R

load

(a) Equivalent circuit

1
I 1
T T T
1 L I
I 1
! T T T i ]l r‘
Viend W
I I 1
N\ iy i) -
\\ 1 /TN 11 [
N, s | 1/ I |
?? vl —J | - I
) L} T 1 1 |?J . 1 F
f;\‘u i N
\ '
:\}“ (b) Key waveforms
B9y B Pk 1 3 i B SSPC A7 AT
Fig. 9 DC SSPC behavioral model with resistive and
capacitive load
Vl\li.‘;
o
rs
Vfi.‘l’i'
i) - + V. =
. ({ Joad
N \ e D2
\\' Y Ligs Rias
4 ) (a) Equivalent circuit
L

gl 120 \

|
[” ] L 1 JI
load I 1 ' :
AR N
1 I rr 1
boc)l TN
ot {/I/—I\'\ :.F
I ! 13 !
I
f

] )
bt || 1.
:TII: I TI“
LIB O Iyt
(b) Key waveforms

10 BE M B 30 B SSPC 47 g A
Fig. 10 DC SSPC behavioral model with resistive and

inductive load

T8 I 07 B8R TR Vi B2 PE BT A9 . T 2R
T Doa BV HRL IR G T Vi 9 L1

ey I 220 SR W A 2 s UL R Vi 7E Ton
I 1) AT e 22 2 T B R T S T B
J& Vi BT B IFBA T BERIE, o B2

K ieen =0, JF FEHLE N D2 223, X
b ?%‘) it f&%ﬂi http://hkxb.buaa.edu.cn



134 =

Jan. 25 2012 Vol.33 No. 1

D2 338 KR U, » W 53 280 fL e B4 02 4 — U »
HUB LR Lo % T D2 BRI T« 75 D2 W — E 22
NERE S~ R DY S VNS S T QT i
Z0) o JT 3 KW B T an e 10(h) i

3 BEEL 7 LA R S5 5k

R T B AR AR SC AT S AR Y TE A L 3k SR
[ Sensitron 23 &) p* § SPDP10D270 (270 V/10
AWER A SCAT S BB B Gk X 42 . FI ] Saber
AR S 1 5 #5 d AT AL, R AR 4 7 T
RS2 6 I 3 45 B X AR AR 2 B AOAH B BC B S K
75 45 SR SCHR [ 14 v i 35 43 808 i S I g T
AT HL#L .

L $ .
B 11¢a)Jy 270 V/10 A SSPC # 4l fH M 11 2 \t;\;}‘
A3 1'

(27 Q) i A T30 5 W I L 11 (b)) o % 17 S o

£ *

AT R AT B 5 HPIE

- | - 2ms '_100 ZJS._.I l_ _y:"xn'
< \
Wy
~ N
b
: \ A
-f?-‘t i+ - P DN, =Yl
-
§ gty
-\i \ Ige "
- N 1
¢ (1 ms/div) \
a) Measured results!™ \\\
(a) Measured results '
300
Vs
= 200 ez |
3
=100 b
J Vo
=100 L L L 1 L L 1
8 10

t/ms
(b) Simulation results

B 11 SSPC 7 4l B 6 28 I 38 OC W 52 I e T8 i i 5
BB
Measured and simulation results during on-off

Fig. 11

operation of SSPC with pure resistive load

Kl 12(a) i 270V/10A SSPC 45 BH %5 M 1 2%
(27 Q HLBHAN 12 pF 25 IF 150 B A I 38 OC W7 D
I 18 12(h) {5 B .

- -
z
=) e
2 p
Wy v, VSXI\'
B {
]
sm Shail f
= Vit
oad
g /x,.-.—-—-—-,—-—-—--.
— 1
k] |
s |
= / '
)
o el hetapm—
y Lo

Q (1 ms/div)

(a) Measured results'"

250 [ b {. ot
= IN LA A
S2150 [ 5( e e Y -------------

:j 20 / \ \\.___ |

-50

Va
10
A
g T o i W S o S
£, :
o =
_2 3 £
0 2 4 6 8 10

t/ms
(b) Simulation results
N N\

S TRNSSPC A L 10T T3 5 97 56 0 0 o B

A0

1 Vg 12
” lg
L 4

Measured and simulation results during on-off
operation of SSPC with resistive and capacitive

load

270 V/10 A SSPC 7 BHEME 771 3% (27 Q 5 BH
3.6 mH HL R ER RO B A% ¢ R S EG 25 SR A 1A 13
(a) i 7~ » AR B IE an il 13(h) i o

Veapc(100 V/div).,,,(4.17 A/div)

(100 ps/div)
(a) Measured results

© ML= =741 g 3518

http://hkxb.buaa.edu.cn



9C 7 0 45 - — 7 24 A I 2 Ty g ) SR AT AR A 135

300 WAL b N B B4 B &> SSPC [y X B 5t Ha,
200 L BH % S 10 mQ, B EE S 100 nH, FHd
3 W SSPC A #4351 4ff JH SCHk [ 137 rp s 250 il AR SC 4

BIAT AR AL BT 4T SSPC (1) 45 58 HL A 270 V., i
) FEHE N 10 A, B 27 Q, i H R
15 3.6 mH, 7 2%k P i ) 35 B 2 Diode 1~Diode
N, #HES Curl#1~Ctrl # N IHi# 100 Hz,
diZS 0.3 BBk MAE 5 IF KR B 1 ms ZERT,
ST EEE A 100 ms fFEA K K 1 ns, B
14 HV, ﬂvﬁi;i%%ﬁﬁf sV B SSPC# 1 T
A8 Y L 1 Ri) B

-51.9 2 23 _ 25 27 2.9 QE\E\W% s} i) E’J THEMIWE 1, o] IFE BT
(b) Simulation results Oy BRIy {77 10 ik it b T SOk [ 18 B9 B OF

¢ o
B 13 SSPC 45 BHLEE 17 8 X 057 5 0 % s 20 0 Eﬁsp%@tg f SLR B D2 52 DTSR . £
\\ J%ﬁzidu 5 BF, SCHR L1303 T 07 5K

Fig. 13 Measured and simulation results during )
2
operation of SSPC with resistive and\ﬁ{sc‘ WS s B8 (3R 1 R Failed 37 07 FLR MO il A<

tive load \{ Ve SCRY AT AR AL B R R IR s M R B
o P
WS 50 155 2045 7 1A \;ﬁmﬁi
TRLIT M WS sspua 12 5 £ GRERm AN
LLH‘ ﬁ JT Eﬁﬁ ﬁ‘f‘EVJ ﬁz‘ % Table 1 Com{a\rls(‘m}of simulation time
5 \\" > Simulation time/s
4 By B S AT R AR A Y P Number  Truncaigr : :
of SSPC Oror Model in Behavioral
P 3 O\ L Ref. [13] model
\ \; 10-¢ 23.3 1.23
RIS 01T BRI S 7E Saber T et L
SAPPIALIN L1 BB O AT 1, " o s .
N % ” 3 “ailed .
_]m} 1 7 \\,r 10 1 F ‘ 8. 11
100 nH 100 nH II}GnH\ 5 10 Failed 9. 80
109 Failed 13. 40
DC 10 mQ 10 mQ 10 mQ 103 Failed 42.40
27055 Cuifl p|, Culi2 | _ Curl#N 25 107 Failed 52.10
B - <.
_|5ng | |SSPC _[sspc 10°° Failed 69. 10
#2 #N 103 Failed 202. 00
100 107 Failed 232.00
Lm“ Lcasr: L 107° Failed 302. 00
Diode 1 Diode 27 Diode N
n | e | 7w - [ 14 b SSPC il 100 W, Xebtk 3 15 0

POE A 15 Fros o B : Tz 1 A Ligaa=1 B H 3 5
Issm:#lﬂﬂ SSPC%EFI E"J Eﬁ‘]ﬁ;lmodel ﬂ‘J Diode 1 E"J%
Ui EHOTRLUR Y BH DA K 2R B BH T R A A TR

HL R L R R 0 270 VL, B R 10 mQ, N T3 O Wy % B 4 L A S e . B AR e 1 R L O
AP g i SSPC# 1~SSPC# N #7EH I SIS —3K.

B 14 {5 B ENEOE &

Fig. 14 Simulation speed test bench configuration

© AL 2E g3t hup:/hkxb.buaa.edu.cn



136 fn ® % # Jan. 25 2012 Vol. 33 No. 1
270 electric aircraft. AIAA/IEEE Digital Avionics Systems
= -
o ﬂ‘-‘W Conference. 1993. 445-450.
-
Eg[r: [3] Howse M. All electric aircraft. Power Engineer, 2003,
-?; ’ﬁﬁw 17(4) . 35-37.
= 260 [4] Maldonado M A, Korba G J. Power management and
A distribution system for a more-electric aircraft ( MAD-
=
w2 100 / i / ' MEL). IEEE Aerospace and Electronic Systems Maga-
-100 zine, 1999, 14(12). 3-8
< ”_J [5] Maldonado M A, Shah N M, Cleek K J, et al. Power
x 5
L 0 management and distribution system for a more-electric
15 aircraft (MADMEL)-program status. Intersociety Energy
<
:5 F' esemermme-a- S 3 Conversion Engineering Conference. 1997.274-279.
Z 4 ,', Lssp t ," X
< sp s ;N y I\ - L [6] HartD 3\,‘}1 ickett G B, Schwarz C R, et al. A solid state
= - [ode] " \
4 ov@\controller module for the international space station
= 5 v
-5 N . . . < -
35 40 45 50 35 b R%BR ESS rack. Energy Conversion Engineering Confer
t/ms N énce. 1997 280-285.
N N S ¢ t}j Weimer J A. Power management and distribution for the
15 e TR a0 8
- . R A \ ¢ more electric aircraft. Intersociety Energy Conversion En-
Fig. 15 Key waveforms by simulation {‘3 4
gineering Conference. 1995, 273-277.
[8] Friedman S N. Solid-state power controller for the next
:': N
5 én I/B

R — i ?X%%F H\SSPC 17 g f5i
AL HEA LT RE A

1>mﬂ@mukijﬁ% 15 2 0 52 96 2%
%?\%Eﬁﬁﬁ%mf%ﬁéﬁxﬁ?%ﬁﬁ?%&?@/ﬁfﬁﬁﬁ [10]
Hi AR 0L S B SSPC #4238 14K 5C BT 9 F A0RE 1 5
Jﬁcﬁiﬁﬁﬂﬁﬁﬁﬁiﬂ:m SSPC s FL I .

2) i (s B0, B E M. AR T SR
SSPC 1 1 35 45 #y Tm%i%ubwﬁa%mm\f be
JCan S HOR /N A R4 SSPC 1y 2 5l ag S
W25 5 B AT L5 Bk SSPC (1 g4

3) ) B P S Ay H%:;?s ﬁt [12]
R T Z 1) SSPC 47y 1l ’i_xL
TEE T 25/ RN 25 0 OB 7Y, 36 A TR FH B S i
)RR R R G E [13]

AXEBETEILHR T SSPC 47 FE I 7F FF 38 ¢
I v R SR M R B BB A T T SRR
AR DL R B4 D e 1A ﬁffiﬂ““héﬁ RN
B, BR TR A R e . B R i ena.

2 % X #

[1] Rosero J A, Ortega J] A, Aldabas E, et al. Moving

9]

[14]

towards a more electric aircraft. TEEE Aerospace and [15]
Electronic Systems Magazine, 2007, 22(3): 3-9

[2] Weimer J A. Electrical power technology for the more

Py

generation. IEEE Aerospace and Electronic Systems Mag-
azine, 1992, 7(9). 24-29.

Izquierdo D, Barrado A, Rg&\? et al. Protection devices for
aircraft electrical power distr)bﬁtion systems: a survey. IEEE
Industrial Electr 'b‘:w(u:ty. 2008; 903-908.

Panov Y V, Q F"L Modeling and stability analysis of a
DC powgg\xi‘tem with solid state power controllers. Ap-
pL\&f{)ﬁVer Electronics Conference and Exposition. 1996

(6 5601,

*Bozhko S V, Wu T, Asher G M. et al. Accelerated func-
tional-level modeling of more-electric aircraft electrical
power system. Electrical Systems for Aircraft, Railway
and Ship Propulsion. 2010; 1-6.

Barrado A, Izquierdo D, Raga C, et al. SSPC model with
variable reset time, environmental temperature compensa-
tion and thermal memory effect. Applied Power Electron-
ics Conference and Exposition. 2008 1716-1721.

Zhao ] W, Wang L. Modeling and simulation analysis of
DC solid-state power controller. Power Electronics, 2009,
43(9): 74-78. (in Chinese)

A, AL L A T R A AR i 1A A
PR AR, 2009, 43(9) . 74-78.

Barrado A, Izquierdo D, Sanz M. Behavioural modeling of
solid state power controllers (SSPC) for distributed power
systems. Applied Power Electronics Conference and Expo-
sition. 2009: 1692-1697.

Izquierdo D, Barrado A, Sanz M. Modeling methods for
solid state power controllers (SSPC). Compatibility and
Power Electronics. 2009: 265-270.

© AL 2E g3t hup:/hkxb.buaa.edu.cn



C 7 90 A58 - — Fof 7 280 L (7 28 Dy 54 o B8 A T Oy A

137

EE®T:
o A O L o Ul e S 1 Tl R G oY V< o
Tel: 025-84893497

E-mail: ruanligang@nuaa. edu. cn

A Novel Behavioral Model of Solid State Power Controller

RUAN Ligang. WANG Li *

E-mail: liwang@nuaa. edu. cn

EFR LWL BRI, BRI TS K A
PEBHC LR GE R GRS T 5 A A B BT RE U A v R e
Tel: 025-84893497

Jiangsu Province Key Laboratory of New Energy Generation and Power Conversion, Electrical Engineering Department ,

Nanjing University of Aeronautics and Astronautics , Nanjing 210016 . China {\\ \\,
’
4

Abstract. A novel behavioral model of direct current (DC) solid stateh{w\?}f,c‘,‘ontroller (SSPC) is proposed in this paper,

which is suitable for simulation of large aircraft power distribution sys‘? s A dependent voltage source is employed in this

model to achieve slow switching on and off by controlling the Iine{a}'\ty\of the voltage drop across the SSPC. Taking into con-

£ &
sideration the leakage current, improvements are made on thg S}PC behavioral model by analyzing its steady on and steady

\ ¢
off states. Switching on and off dynamics of the proposéd ddel with different kinds of load is studied. This model is imple-

mented in Saber software and the compatibility ch£ Jﬁ§rént kinds of load is validated by simulation and experimental results.

Speed test results show that the proposed b‘éhﬁvi&‘dl model is much faster and possesses better convergence property as

\
compared with the model based on . aN{

A
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