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Simulation study on temperature field of DC electromagnetic relay based on
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Abstract: Temperature rise is a major influence factor on the miniaturization and high-load design of DC electromagnetic
relays. Thus, accurate temperature rise calculation is an important supplementary means in achieving the performance
goals of the relay design. In this paper, a computational fluid dynamics heat dissipation simulation model using fluid-solid
coupled heat transfer and discrete coordinate method radiation transfer equations is proposed to improve the accuracy of the
original solid thermodynamic finite element heat dissipation simulation model in terms of convection and radiation
calculations. The temperature field of a certain type of electromagnetic relay is simulated by adopting the proposed model.
Then a temperature rise test is conducted to verify the accuracy of the simulation results. In addition, the temperature
distribution simulation results of the relay by adopting the proposed model are closer to the actual situation than that using
the solid thermodynamic finite element heat dissipation model. Therefore, the simulation model in this paper can provide a
more effective thermal field design tool for the same type of relay products.
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Figure 1 Structure model of the DC electromagnetic relay
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Table 1 Measured values of coil and load loop contact

resistance at different ambient temperatures
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Figure 2 Diagram of fluid-solid coupled heat transfer
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Figure 3 Flow chart of temperature field simulation
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Figure 6 Layout of temperature rise test
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Table 2 Temperature rise comparison of simulation values and test values at different

ambient temperatures(load circuit current is 30 A)
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30 91.06 87.14 4.49 70.21 75.85 —7.43 67.76 73.26 —7.51
85 87.09 80.87 7.69 62.59 57.82 8.28 62.02 56.97 8.86
125 76.23 73.62 3.54 55.26 51.86 6.55 55.78 52.06 7.14
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Table 3 Temperature rise comparison of simulation values and test values at different
load current levels(ambient temperature is 125 °C)
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30 76.23 73.62 3.54 55.26 51.86 6.55 55.78 52.06 7.14




236 I <

15

Eid =S 3 202345 A

M2 3F U5 BAE 5 15 B A7 1 — 52 /Y 1%
28 o XS T A ] B0 fih A B T A AR T i
S A b Ak R SRR R SRR VR
53l 51 A B B Bk 2 T B A i g 0 A
REL {1 2 7 268 7] 6 o EL A7 S, DR 0t T o g — b 1Y
2 fih A B 4 ik v BHL B9 BAHE 15 52 PR B AR TR 5
b, I AFAE AR L A% A Y 22 S P DA R N ek 2R G MM
LA B iR 22 . RIMEAF AERELE IR 2 IR SR AL
(477 Y545 B A9 0 55 SN A AR R 25 0 —7.56 0~
8.86 0 , HEA T AL T RE KT HE 1Y ZEOK , R i A A B
FUARE R AE ) T 53 4K L 4% 1 O B A A0 il T B A
B e PR R P

5 2FhELEOT B A HE R

LA R 22 M0 LU Ak L 2 B0 TR I RUfEL O
TR SR T A 4K g 2 A PR O Ry O R ik
PRl FEoR i o PRI O 1 — 28 B AR SO 57 Y
D BB B0 & BRI 5 A7 2000 R ST T iR R 2 A
IR 0 SR TR X U A4k i e R AT IR RE 3 O HOH
I 5 TR A ) 2 A R AT L
50 BEERNZHERTBERGEZE

T X 2 5 BT R AN TR B e A 4
PR ) 22 A R OT 7 LR R 2 RO G B 4% F
TR
5.1.1 [T 224 BROCH 2 i

W] A B4 ) 2 A BR O Oy EORE LR S T S VRO
T7 R M FH 3 = I8 1 5 2R AP b 2 A 25 1 A AL
XL 5 S R, DA A A Y AR A N BT A R
B AR RE T E A R AR A RO R A
TR 7R 0

T  °T 3T
+7+7 +q:O (18)
x> dy* 327
aT
a/(T_ T()):_xi (].9)
on
T‘/fo:To (20)

A (18)~(20) 7, @'y L5 A PR 22 B (A4 X 7L A
ZRON R S R R B sn i B Lk 1 R A g
BRI s T BRI

HEH [E] 4 A8 g 22 A IR T BUA R LA S i T 2
B = 2R E A AR T, 3R BT R 0 UL A BT AR
OB RBECHE, B THRSEEM R
(18 T8 A Ja AP PR O B8 X8 4 PR ORI B o S 1 R R
AR Ry 5 B AU B G R AR R R BRI T 2
PR T 501 A 2 R A 308 32 37 0 LA B e
5.1.2 HHGH R SRR

IEi] 4 B g 2 A7 BR o0 05 AR R ) IR G0 R A 1
— AL B R HOkR R ]

ad'=a gt d (21)

2, @ cone X TR R A5 0o Ty B0 S RO R B

AR B ZHCR A AR AR I RS 5 B 20 03 B A 2
U 5 AR HEA TR O R B SR A, AR A

/la]r.Nu
& o = (22)
[
N,=C(P.-G,) (23)
[P (1, — t
Gr:,@é ( . [) (24)
e
1
= 25
P 273.15+ ¢, (25)
t, + 1
[m: 26
5 (26)

H(22)~(26) ", A B2 AT N B FTRIREL L
e A TH AR AR B C 5 n W HENNH B o 28 R
(5 B RS R B GONAR BB R R B 8 o0 25 KB AR AR
T2 Bk 225805 g SRy T T3 N 5, Ay IR R TR VR 5 1A W
VRIRE s o S U AR B0 ) 30K B2 5 ¢ S TR BT R TRLBEE
Hor, A P 28 SR T T AR 9 STk (18]
TR AN Con 5 HGH TR AR A
AR 2 SOTRAS A O, AT AR SCiik[ 20 ] A 3k A5
AL S 4k Fi 2 1 2 T, B S 1) Y 4R 6 T &
BOR M7 . Tk 28 R AL F A B s ),
25 FBEEARN TR, RAFE L SR, I
L [ R 48 g 2 A B G B Y A Kb T A BR 2 1) B i
TR 2 — 2 A U MR B Y A PR s ] Y Ak
7, BT 5 O AR B ke B AR P R 1k 2
SHCRAE F JF i nAE o9 e E R TR
HE ST 28 SR R AL PN R 0k s RORE S 0 A
™ SO AR SO R BT S R A A i Y
RSO R EOT B AR ()M, KBRS
3 X L 2 b A AR BT B Oy vk mT A



#5538 54 3 1)

SRR, A5 BE TS 7 2 1Y AL P R 4K L R BE 3 0 L Y 237

PR AR Ty 2 A BROC 07 R B JE vk B SR AR ) 2 B
AR TR ) P AL T S e A R A T DL % R A A
328 5 TR ) FH (L T 5 B9 O 1 R T O R A A
A AN TH B9 B R R, 75 AR LA RO R R R
071 N R ek I R S R R, O AT
Z AN I A S Rl B A i T AR A JE X
Jit TN AE 4k FL A 19 R i L

PRI, 7 e A A8 PR3 07w, LS SRR
TR 07 % BB AR L AT DA Bl — 2 58 5 (8 4
B2, N3 (20) ~(24) T, 2545 HOIA &R B2 LA
LA R Ay L C on 22 A A2 AL, P s 28 N0
TR 4k R A T LR R AR R Y 2R S HUI R
RO B ORIl R B E i T AR AR R
[N SRNORVESE SR NP2 N 2 | VA A DL S i
TS AT O, A A8 BAE TR Bl R BT R B I, £E 5
AR EHOHE SR IR R T A
it SR R RO B AT e —E iR 22, HoAk il 4y
KM L.C on 5 R RO e L5 AR X3 45 1A
—E W
52 BREBBEFELERMILR

A7 AE 2 Bl A7 BR T [ 1A B Ty 2 R . — J2 P9 3Tt

T ZR B [ R R 2 A BR TR AL, 2 Y A
S AR AR T F A BROTR AL . S T AT
HEATX LU, 28 AL T R 2 R R 2 R T
BT R B8 I A T 2 AN o B i BGA B AR A LA
AN BT AT F b 2 5 2% AT A TR
5.2.1 kel A £ Rl I B2 (B ) 1 L L 3R

HETE R s 0y J il b e X AN
IFi) P 5% UL B 55 970 8 PR R 1 2 PR T, 2 i T A B g 2
A BR TT AR A K it B A T A AR A OGS R A 1 5
H 50 R FHE . T O AL, £ 1 TR T
K, HER PR T 43 A 35 o 4R v TR G 5 R 42 LI T
E AT AR o

M4 5 F W, R A SCH Jr vk 45 3 (5 1
L5 Sz A 6T AR 25 Ol 3.54%~7.98% 5 M R I
R #1724 B T BIARGRE TR 1 1 AR G 3R 22 4 S
H—7.68%~12.60% 5 —9.03%~12.89% . 4k
R FH I A A T 24 A B e 1A RS R (9 5 A X 3R
25 LR R TRERG B Y B OR (R B AT AR
AR 3 2 AR Y T {7 BT B Ak F A Y O B
7 i B 0 oE R O T R B ) A A B T A
B

R4 FAFRERETLEAGALRBERAMAT(FA B DR EAA30 A)

Table 4 Coil temperature rise comparison of simulation values and test values at different

ambient temperatures(load circuit current is 30 A)
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M5 i

[ AR B4 3 2 A B G R A A
(A AR EICH R B0 TR S

EE/C ipss i LERGRA pss

K LEROR'S 15 5 e LEROR'S

fi/C fi/C /% fi/C fi/C 2/% fi/C fE/C /%

30 91.06 87.14 4.49 80.44 87.14 —7.68 79.27 87.14 —9.03
85 87.09 80.87 7.69 90.62 80.87 12.05 91.30 80.87 12.89
125 76.23 73.62 3.54 81.66 73.62 10.92 80.37 73.62 9.16

RS FAARBECAFATEREG LS RER AT (ERILBE A 125C)
Table 5 Coil of temperature rise comparison of simulation values and test values at different
load current levels(ambient temperature is 125 °C)
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fH/C fH/C /% fi/C fi/C 2/% fi/C fi/C 2/%

10 42.72 39.94 6.96 43.87 39.94 9.83 44.80 39.94 12.16
20 57.91 53.62 7.98 60.38 53.62 12.60 60.28 53.62 12.42
30 76.23 73.62 3.54 81.66 73.62 10.92 80.37 73.62 9.16
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Figure 7 Selection of housing surface
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Figure 8 Finite element solid thermodynamic heat dissipation model (internal heat dissipation coefficient)

simulation diagram of relay housing temperature distribution
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Figure 9 Finite element solid thermodynamic heat dissipation model (internal air body) simulation diagram of

relay housing temperature distribution
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Figure 10 Computational fluid dynamics heat dissipation model simulation diagram of relay housing temperature distribution
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Figure 11 Temperature distribution thermal imaging of relay housing
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