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Inverse Problem Identification of Thermal Defects of
Fault Components in Electric Control Cabinet Based
on Infrared Temperature Measurement

YAN Guang-hui, YANG Li, FAN Chun-li
(Department of Power Engineering, Naval University of Engineering, Wuhan 430033, China)

Abstract: The method and standard for judging overheated components in an electric control cabinet
are established according to the related GB in China. The thermal radiation emitted from the overheated
components to the inner surface in an electric control cabinet is analyzed according to the infrared
radiation theory. The heat flux distribution of the inner surface in the cabinet is obtained and a two-
dimensional heat transfer model for the heated cabinet casing is built. On the basis of the infrared
imaging temperature measurement data obtained, a L-M algorithm is used to study the inverse heat
conduction problem and the heating temperature of the overheated component with different thermal
defects in an electric control cabinet is solved accurately. Finally, the severity of the thermal defects
of the component in the electric control cabinet is identified by using a surface temperature judgment
method. The result shows that the method is useful for the fault diagnosis of the overheated components
in electric control cabinets.

Key words: inner thermal defect; temperature identification; surface temperature judgment method;

infrared thermal imager; inverse heat conduction problem

#r. PR RS R &0 1%, EREETH
6], ANREFTFFAETTX AT B TR, 20t K

HAERIEAN S A RS B ATCME, maEm BETT, Sootiths Bl i, MRE TR
Wi HEY: 2011-04-25

HEEUWiH: BxAHKHF %é F By T EH (50906099)
TEEE AT B (1986-), B, MHIEMA, ML, TZFTH NI EIESL B, E-mail: 19861125ygh@163.com

0 7

adil®

INFRARED (MONTHLY)/VoOL.32, N0.6, JuN 2011 http://journal.sitp.ac.cn/hw



H32%, HO6M AN

A 11

P AR, X SRR AT 20 S — e R R B
T PR RN S S B =R DL T o R
T 2 1) AEL P B T 17 0 R 1 1 R R AR AR A
{14 4 G PR R PR R B o0 1 T 9K B A R A A )
FEAR, RIEZ 2RI — T B Z AR/,
T R AH SR AR N B 4R A 18 g i T B KA.
FEHRAREERIAE N, S —REHT
YA RIS RN . T LLINRA EERE S
BE, A LARRE B LG RSN, BT
A TG s B P 2 A R AR 2 R T 5% 4 P S 1Y
PR PG, (EIE P B8 B B R 5 2 A S IR B A
AR, AR R, mHKR R
TH oF PR S RS 3 g 3 07 X5 B SR AR
HEAT R ASHe, DA 51 A S B 5 A 1 R E T
2T A R AR K T 2 AR 3 3 B U R A e 4L
SR (LLANEE ) IR VR WRFE 6B |,
6 R A ) W A 3 T () LR o A L. I
REFUER, Lt P FEMm s, FERREARN,
B2 T S GBS T H a5 2 A .
HAT, GB/T11022 & EFF & B4 il i%
ARHER JLFE B AR SR )Y Fil DL/T664-2008 &7
LI 4G ZL M2 W7 B R RS Y 2 £0 SR i 8
F B, A0 ST A RO 14 B A K 4
foildm, SCHR (2] BEBH 1 R AH xR 22 ) W 073 )
WT FL TR A B 1 0 B, SRR T R G IR 2
PEARME. SCHER (3] SR A DL/T664-2008 H142 1 (1) 4H
X 22 H B 7 ¥R 12 W 1 T SR B 1R A 1 Rk
W&, Xt H R A 4R AT T 0. X B AR
TR A 1Y SIS B HEAT 0, T P Rl
4 £1 4 B2 W T 2 78 20 A0 AR 0 3R i S Ak
B AL R AR S U T B, AR B A P A
POTPRR IR EE, DT SE Bk AR BE ) Y
B H A A PN IS R Y S B A T 5K
SEA AR FI AN FRE, A SCAE MR AR RIFE S
i, 3 A 1 K el AR T R 6 5 R P 2R TH (1 48
SHERATO, T T2 PN 3R T A S R A
B REXRKITIE AR @ 4E e S,
JF 3 Ao 21 A RAR AN 52 44 3% T B#EAT 20 7 AR
s BEZEH LM AERES I ERERIT,

http://journal.sitp.ac.cn/hw

BEAT S 2SI U ADLF 5, DA T 7 oK g 4% 1)
AR PR R TR Y R RGR B BRJE 2 AR TH iR
JBE S Wk VRO ST Y R s [ T AR

1 8 R 3 ot 3 AR A 7 % K

H| W AR 9
1.1 REBEFIEE

R 5 00 45 B8R i (4 T (R IR B, MR
GB/T11022 15 e FF 56 B A5 R4 il 1 45 1) & Flr
AR R A b ot % A 5T 1Y iR B 5 IR AR BR A
(R 2 7E K ] TR B 20 BTl & 1Y 4%
53 B B R R AR ALV IR BE 0 A BB R 4T 4 5 .
1.2 FEr kB

4% DL/T664-2008 , $4 i TH 5 1K S Hoxwf i
25 (16 R B R R R O O — IR R L
A G N FE S TR =l

(1) — MR BpE: KT r R THE B AE 10
~20 CZIH. SHFEZTAETHRESMLL,
HICMEE — R T, BE A L0 AR A BT
R IR BARFFAE.

(2) FeE GG HIRTFHEEAE 40~70 C2Z
], 3 SPRIRBEAE 80 ~ 110 C 2 [H], HRFRE
.. IR AL B 1 U B ARG, R ELT
A 5 2 R

(3) fe B RGBRFG: KB ITI I IR T B R o
70 C, EmREREC#ET DL/T664-2008 L
E I IZADR R B AU VRE. BRI HEHTE W, ShUL
A DL R IR

23X HL A A 0 Y ES TT A SR F DA b
ST FI R IR R TR Y I R BGR
JER 40 T, 3R 1 7R A R G Y A AR .

1 SR A B E H L ARE

R
— e R R FH PR R f& B BRI
KRR B KR KRR B
<55 C >80 C > 110 C

INFRARED (MONTHLY)/VOL.32, N0.6, Jun 2011



12

=

Ap 2011 4£ 6 A

2 YEMBFRE
2.1 BHENSRATHENTHEAREHLI
SRS R

Vel 1T 7% g 472 T 1 25 P R B L
LA 2y 7 R

d .
/ R T
.
] “qy)
A=
asagie o ||| 0 h
}
y

0

B 1 00 AR A S5 4R

a1l 4 R ) 2o B TT A R L A — A4 b
FRITUR, B ST 52 M P R T 4R AN R BB AL
SRS — A /NI IR, HER N A4, g
MROTE A dy , PIEZ BN L, /N
TR y B H AR EARRS N o(y) , H AA
5 dy WHIEES LERMADHA 0, F1 6. 5
b, RGO R RRE R T, ot 57k
WERTH YRR (M) K d, 50 i
B (RIOKFBE D) A b R BG/INIE U R0
TEFR IR, ARG BAE 5 S IR A0 4 SR AL, (] 15
B/ AA B 5 55 L

I=1L,cos0,AA (1)

A, L, MESEE.
NTET IR AA X FEH P 2R T 7 AR Y 5 ST RGR

dp  Icosf cos @, cosd
q(y) - a - .2 - LOAA 2 ( )

FERR R AR 10 5 K J7 T SE AR AT 19 17 O
_FJ 90 =0 > ﬁ

cos? 6 d?
qly) = LOAAT = LOAAﬁ (3)

INFRARED (MONTHLY)/VoOL.32, N0.6, Jun 2011

iﬁl:’:l, LQ:(h_y)2+d27 ﬁ
d2

G-prvar Y

AR AIR RN E L, 5EE T HRR
HNL,= O’T4/7T[9] .
2.2 SZRHFTHRIA_LHRETER

KT EFERAE y =0 ey = Ly R LN
P, FE v =0 FRM LR HEH, £ o= La F
M E ARG EE @A) G, ZERABAIRE
B, RE R AEH S, THRME. Hit,
TN RS IFRARX N

q(y) = L,AA

0 ot 0 ot

7 (o)t () =0 ©
I Py
ot

kg =0, y=0 (6)
—k'g—; =0, y=Ly (7)
—k%za(t—tw) x=0 (8)
kel =aly),  w=Lo Q
Ko,k HRANBOGRREG o Ho—0E
EHRRHRREG a) K o= Lo T LA #E

W, WX 4 KpEs, EhEaERES
HRITHNERRE T .

PR A RAAEREX R (5) ~ X (9) #HATRMR
T, WARAR SR R T IR B AT, X AT LA
VE Ay SR A [z 7] L7 FE
tLx

[

A

Ly

YL* e

o X

B2 ZHRFERE R AL SR

http://journal.sitp.ac.cn/hw



H32%, HO6M AN

A 13

2.3 ETF L-M EEANEHREEK L IE

B B 72 7 P9 R TH 1Y B AT q(y) R
A, BT AREE T KM, BFX(5)
FRHESES M, SR R AR E S A
AL 3E 2k 20 SRRSO AT . B i Ao ) 2% T B 1 B
BEBEEERERF Y (=1~ni). FHILEERIMN
LR R Ay« AR 52 M 2 T (4 21 A1 IR %54 A 1
PO R T A R B A A, AT HE AR T 5 A AR
TC Y R RGIRBE

L-M i+5 07 10

fr = @7 )Ty = T) (10)
T
ol

A, LAR n M1 T 53 B R R IE AR BN K8 B 42
By fx) AR P TR Y R VR R
SRE; T RMRE f(o) G HEELX (5) &

AT IE MU A5 B A gk R iR BE R 1 M
PALFERE; @ AT LA .
2 (10) B3 AU R A
I (@) <e (12)
X, e ARAZE = MR/ IR

L LM SRR Ak T 6 A R
B ST I T

(1) X R AL 4 R PR AR 1R %, 75 5
IR, JEHE AR AT IR AR5

(2) A RABUT Xt (5) BEATRAR,
TR E] 77 5

(3) o e (RIS PR T AL, 5 /7
WS, MBI, 7 4kSE

(4) 6 2ok YRR A7 TE 1809 8 T B 46 1,
IR MRS (10) KA /0, JFREFIE ) &
URBEUEAT I 5.
3 AR A KA B R A AT

L4 0 1 S L RR AR TR O, Ay BT
Yy BRI (T) BRI, ST HEAT IR FR 1
A, AL X R R HEATLOMR IR, 15 E]

http://journal.sitp.ac.cn/hw

RBGR WA THE, AR 58 2 ) AE P9 ES TRl
B2 4] A o R F T T 1 ok R R
K7 se A 9 R =124 0.005 mx0.5 m , S
PARKHN 50 W/ (m - K) , FEHIMU A 7 iR B
20 C, X RECH 10 W/ (m?: K) ,
HRBITHAMEH AA = 0.02 mx0.02 m=

41074 m? , EHFEE d =005 m , KFES
h=0.15m .,

3.1 IBHIFERER T4 IE % T /B0 1 = [a] & oK 7%
BE

B TEM IR TAERE T =40 C, M52k
MR AN TE (R T/ A i 3 iR, A 3 Al
PLEH, SEARBNER R R KRIRZER 052 C,
& T RVR AR I ) i AR (E 0.1 C, I IiZTT
Y TE % A7 00 ] DA 8 2o 20 1 AR SRS ) 4
o

XeF A B 1 2% T 1R B 4 1R R AT B HLAE,
SR FEP A R RO R, RE S
REEL, B L-M FLIHT S8 MB8T5,
BB TAEREE T =39.78 C, H-PHMHXTRE
E., =05%. Z5UERH, %07 608 oK 4 i
FEP e IE 3 TAEEE, JFHEARENR
XS

“

DEr i —— U BRI R E |
———J B

=] i

T/°C

s . . s . . s . .
0 006 01 015 02 025 03 035 04 045 06
y/m

Bl 3 i TN Tl A 3R BE S A

3.2 BHIFE AP TTH B 1 — i A ERREET Y R 18]
KRR E

B BB T 1 3 VBB T =55 C, 544k
MR AR T IR 23 A7 & 4 Brs. A 4 frap
PLEY, RERINRE R KIRERN 062C, &
FRGASCRE I (ke LR BEME 0.1 C, B TT i
4 3k B 0 AT DA S8 2k 21 A B AR SRS T K 2

INFRARED (MONTHLY)/VOL.32, N0.6, Jun 2011



14

=

Ap 2011 4£ 6 A

211

T/C

L L L L L L L L TP
008 01 018 0z 028 03 035 04 048 0E
y/m

P 4 BRI S T Y 3R B A A

XA B () 2 T R 3 R AT B LAk,
BRI R LR B, REh
RN Fr, WSRO S & RGE E
T' =54.65 C, HFHMMTiRZE £, =0.64% .
3.3 BHIERIBITHFEE™E B RE
KRR E

B B H R A PR E T =80 C, MI5E
PR S0 T IR BE 3 o3 A i 5 TR, AN 5 A
AIES, BRI R KREZEN 084 C, &
FHAR AR A e FHREE 0.1 C, B IT i
{74 2o B B0 T DA SE 2o 21 4D BAR AU T 3 7

Wk B R AAERE M AR EME
T =79.78 'C, HFHMIiRE E.,,, =028 % .

214

2081

204

1 1 1 1 1 1 1 1 1
1] oos 01 0is 02 02s 03 03s 04 0d4s 05
y/n

W 5 BRI 2 T 4 3R B A A

3.4 iBHIIEAERTTH B e Sk R i 59 1]
REK iR

RBCHR TR S B E T =110 C, NIFE
PR N2 T (1Y 3 BE 3 0 A A IA] 6 Bz . IAIE 6

A PAE W, SEWARINET R RIEZE R 1.16 C,
T BRI A e AR E A 0.1 C, HILiZTT

T/

Y/III

Bl 6 i I 2 T A 3R BE 0 A

W X A BCR AR RAREE T =
108.92 'C, HOFHAMAIRZE E,., =098 % .

B3, B4, &5 FIE 6 23 k3 A Py
TCRAE A 7] & Bt () B () 8 B (E AL 45 31, 4
WRH, AR KB &% £ 2R R E A6 E
&35 ] ok ZE AR AR I A5 s Rk LM
V¥ 7 SR A B3 I ) 5 & 3% T A 3R o0 A
5 B VHE A R A 425 1A PN B8 TR 0 R BGRBE,
T 0] 328 ) 2 THD ¥R B 40 DB 3 R 410 3 44K 47 8 — 25 1R
T TTA R B 1 - EE R
3.5 BENEREMNTHABRBTEREEST
A

2 33 o W — 4 Bl ML 1% 255 0 B 1F [ A 1 R
Bt s R, B T A IR 2N PR AL AN R
3 0

Y=Y, +wo (13)

KA, Y, IR f(2) KA (5) 152 09K B
R R TR (8, o Ay S Rk 1 AR M A 9%,
w k1.0 A1 1.0 2 [8 (Y REHLEL.

# 2 FER A o BRI (LI 9 ST R AR

% 2 o RABIMEN 6t S 4 R

o/C flz&) T=40(C) E,,,/% T=5(C) E,, /% T=8(C E,, /% T=110(C) E,, /%
002 f,(z) 30.88 0.3 55.24 0.44 80.35 0.44 109.79 0.19
05  f,(z) 40.99 2.47 55.53 0.96 82.77 3.46 112.02 1.84
1 f(2) 45.04 12.6 62.98 14.51 76.78 4.02 119.22 8.38
f,(x) 46.78 16.96 72.20 31.27 82.29 2.86 132.88 20.80

INFRARED (MONTHLY)/VoOL.32, N0.6, Jun 2011

(THE22)

http://journal.sitp.ac.cn/hw



