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Abstract: During the rated operation of canned motor for vacuum dry pump, insulation aging may occur when
the temperature rise is too high, which threatens the operation safety of the vacuum dry pump. Aiming at this problem,
the water-cooled structure of a 4.5 kW canned motor for vacuum dry pump is designed, and the temperature field
simulation analysis and experiment are carried out. A three-dimensional model of the canned motor is established by
using mechanical software, and a simulation model for calculating the temperature field of the canned motor is
established by using finite element analysis software. By setting the thermal source and boundary conditions, the
temperature field distribution in each part of the motor is obtained. An experimental platform is set up to carry put the
temperature rise test, and the characteristic curves of temperature changing with time are obtained during the start
process in cold condition to stable process after temperature rise. Combined with the temperature field analysis and

experimental results, it showes that the internal temperature of the motor meets the thermal design requirements. This
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research has a certain guiding significance for the subsequent investigation of temperature field and the design of

cooling system of the canned motor for vacuum dry pump.

Key words: canned motor; vacuum dry pump; finite element analysis; temperature field

0 5 =

FASFOAR S AT AR 1% B O, TR 2 40
SR B BT AR R LS BOR B A
AUy 1) B R R B R K
K, HAEFRC IR L G Tk i ik, B+
ARVAFCE IO A5 AL ] B R ] SRk IR Bl
WP /NEEIE R T AT HS BB Y 38 YT
K

FE Tl A= v G R s SRS LB A
— ARG5S R T H S R G H S R RIIE
TEE T WEIMABRCE B2 e 1 P e T, B 1k
RAHE HAY B AN A A e L, B2
TN H 453 2, W B T AR s TRy A]
SRR Y B R A K Tl R A 6 e R A —
AN EARE, DR A b B B AR TR LR S
Gt A 05 BT 5 IR0

AT 1 6 4.5 kW Bz TR AR
BL, EES T R HL S e — R = HERCRL i i A PR
JURRPE ELAT 2 A LA - IR FE, B E T RAEN
TR , AR FEL AL P PR B ST A B AT S A sy B
W E A R A R AR L, AT
il 75 AT 3] AL PR A T RE A B O, I8
UV HIOK U I GEE K E B v K I
JE MV A1 R Gext s A B e rHLIRLTTH A9 52
Wil o A5 & RRELIEA Tl T, S
SEEHLIELEE o R0 BTSSR S e s B AT X
L, BERA P 22 (EAE VI LA SE 1 s Lt
5 B

1 ERTRAR#CE AL MARR R
I & 371 A

1.1 E=ZTRARKENERRE

4.5 kW B2 TR Rl R LA S8k 1
S

HAE ML SR s B2 R IRk AL — 4
BRNP 1 froR . ARSI iEsERy 4.5 kW B2 1
FRINGRC R AL ¥ 2007 it ok v, RN 35 L

e 9 A 7 1A 1 SR e /KA
#1 HETRARKENSHSH

SRR ZHUE
HiE HLE/V 180
BE MR/ Ha 100
WU HLTL/ A 17
BUE R/ (x - min™") 5 800
BEH/ (N« m) 7.5
Y LR F

1.2 HBHNEESKEHNEERE

LI A AR i A% 30 1 T 2OB A0 Bl & AR
oAl P AR T 5 i AL A RS A I B S Y
BOer i a oR

T T 7 T
%ﬁ R .
o o

2

% dy aT
%F:o (1)
L1 aT

[JIK— = T-T

1 on o )

K K LA B FIAEREGK, K, K, 53
FHEBLNAN T x y 2 7 B RREREGT Y
IR 5 IR BE 5 ¢ N HUIAES sp iR i %
FE s IEFE] 0 il B 1) i o R R
BT, MR EA BUREE

A (D) I u s T&, loT/0r=0, Ut
IR TRE . (1) RISy = 4R 28 iR B2
S lIOE E R
1.3 BEZHBERRMSHFAEZE

R T AR AT R R R S A A R



W5t - EMCA

B AL DWW 2020,47 (5)

BEGHREHT
L3, 1 #RxE

18 A RO AR P E b AT g 5 5, 15 31
BUBUE 1B 47 I A R0 AR AN SR 2 r7m o ek
G5 EC AR 25 R AR FE 0 0 KT 254 e R

R2 HEZTRARBBIRNIERERESH W

FES R e

FE T FE 256

T T-HFE 193

FE TEHE 45

TR 12

SPFE 506
1.3.2 #5554

TE LT AT R P RIS . Hlo
FTC A M, ¥ MLoE R BN H AR HCHA T
St RS0 B PRI S AELIR T
5k 25 °C, DME XS [,

H TR BB LK RGN 2107 R
A TE PN iR A R A A KK Ve R G AL ABE T
SERUNK B A R AR, IHBROKE A R RDEHT, TG
PEERA 1. MR A

[V = 0.023Re™* Pr**
_hl
Iy
v (2)

A
[:]_-pcp
. Nu b %% %€ /R ( Nusselt ) $0; Re Jy 55 i
( Reynolds ) %% ; Pr 3 B4 ( Prandlt) %55 b /K IE
TEINFEG L K A A R AT 0 iz 3l
ROPE s HPAHER p WM ¢, WL,
BRI H R EIK A 25 CERAK , IR K
YL 25 C I BUE . #3535 RACA TR E
e,
2 EERTRARBENEEGHE
B2 TR R AL = iR S A A TR
TCl A AT IR E A B i, 1B 2 s B
25 TR B MU AR 3 A < Bl 2 T
HUE T HE2H i iR R de ey, o 77.07 C XS HE
T LRI AR NGB B B G v R A S
66 —

FI0GME0

B2 FISE T LA STRE R ML, L% TR
37 °C, B G3AA Ve FIKE B AFTE R R R
FFfEZ 25 °C,
el e
77.071 Max
71.445
65.600
59,755
53.909
48.064
42219
36,374
30.529
24.684 Min

P2 S HURE A A 2 1

T SIS AE T A AL PN A% Bt B A
T, 18 3~ 18 8 23BN T 5% e T8RO (B84
PR LS R o At Dl . E 1AM
AR SMU NGBS , P AR iy i A
JER , IR S 4 i3S A S JI SR 3 (L 2, Y
B I AR A

'illlllll.liE::"'C
64,352 Max
61.091
57.829
54.568
51.306
48.045
44.783
41.522

38.260
34.998 Min

K3 BRI Tl A 2

HRAEC
64.854 Max

59.139 Min

B4 BRI Tl A 2 &

3 RH ARG RAEE Y
HAR A i
Q=aS(T-T,) (3)
A Q R 0 WIEARKGS A TRL
(T=Ty) HyBETH SRR 22



B AL AEH) % 2020,47 (5) GESCS | EMCA
ey P Y 3~ 4 L/min, (R H KRS, BT A
o ax
e Ky, AR R T AL TR R,
75.392 -
74.489 WK 9 Frmxs.
73.586 i
72.683 5 P
71.780 . :g SE T Heil
;gg;i "_“f 70 Pk
69.071 Min ;?E t‘(;;

K5 B HLE TSR 2H i i = P

HREC
65.947 Max
65.409
64.872
64.334
63.796
63.259
62.721
62.183
61.646
61.108 Min

6 Bk HLL 7 BB A = K

HHAEc
77.071 Max
72.483
67.676
62.869
58.062
53.254
48.447
43.640
38.833
34.026 Min

B 7 B AILER AU iR B o A = [

il !a'J c
65.218 Max
62.157
59.096

56.034 e
52973 . ﬂ
49912

46.850

43.789
40.727
37.666 Min

P8 Jr b ML bl 2 20 A1 2 14

A (4) Al JKGE 2 B 5K E AL R R
e ER TR ARAT S, T 7K T8 2 24 28 ORI A% P wi FR
Y HIKR B KO 98 B K E RS G, PRI, i
THE BV A0 R GE X AL T B AT A T 240
SN o
3.1 RHKREXEILRERZIE

TE R 28BS PR TARBREE iy, ¥ HK A I 2 14

L L 1 1
3.0 32 34 36 38 4.0
¥ JR /(L - min")

B9 Ve A R0 L BILAS B0 473 EE A4 52

V2 HI7KH HH i K B R3S, 7R — E Y N AT
AA 5l N AL B IR HEL . e A e 4 i 2
3.5 L/min N, 4k 25 58 i 7K o, A AL A 3 A T
JEAATFA I, BB KRR A e £
AR RO LI PR A AL T B AR, B DL
R KA X e - B A AN A
3.2 RHIKEEEX BYLRE R

DRI RS e AL, SO 7K 5 JEE Ve
HIZK A RO AR, B R K TE AL R £ FU4G
RAUNPE 10 FoR

10 o
100 T
o 90
= 80
:T:‘ 70 %
B 60 :
x0 T Bl
TR
40 i . ; ; .
0 2 4 6 8 10

% HI AT B B /mm

K10 ¥ AKIE 98 B2 X B AL AP 2 T B A2 )

ML 10 7] 0L, 7K 8 R ARS8 1 mm
BF, LML R AR N A R K W, IR R s A B 4
105 °C, -AHLE F 54 5 € 180 R FE S Bl
I S 5 A 0 BH ) T 2 O TR Tk
ANFRFEWIART 8 /0N o B AE 7K 38 56 B2 1 5, fa Bl
BRI T B TR . MUKIE N 8 mm
I, AR SE S R IE G0 B, HHILAS B 4 il B B A T s
A, 330 R TR UK il 2 Y I — e 1Y, K IE
i E R IA B RN, [RLIG, ¥ 2 K GE 98 B T
8 mm LA HE,
3.3 RAKEH X BLIRE RN

3 3o RO 7K T R [ AR T LA AR A ) A% B



WrFsE 5l | EMCA

B AL DWW 2020,47 (5)

TR, AT A K T A% B o DR 7Kl At 25 1
ANAE T RAN R R T L BILAS FR A1 42388 5 1 A2
EtEBL, i 11 Bs o

1.0 1.5 2.0 25 3.0
Vo KK i

LD Y Rk aE el KON F LA R -1 243 Fr) 2

M 11 a] UL, Bl 25 7K G B B 38, AL A%
IS U B X5 E AN, LR I R ke B /DN,
2.0 BIKIE G HA LR, KEBEIEm, 52
FHVCEC K E D Rz LT, 2R & %5 18
ML MK R 3R, 4% 2.0 BUKIE# M43, 3.
4 BHKBXBAEENZME

fE LR E A 3.5 L/min JKE B A B4R R
8 mm KB PEECH 2.0 B4, A KR
XTELMLIELEE B 520 . 43534 10,2030 .40 CHE
TRV EN K B AL P A A I R, 45 R 1A 12
Fi7s o

ETHA

© 70
=
ZE 60
250
40 SE T L
30 1 L Il J
10 20 30 40
A HKIREEC

P12 VKR B R AL A AR A1 42 TR F) S

FH L 12 AT D, 44 0K i B AL 2 P52 )
B Bl ¥ EICHR A48 55 , FEUBILAS 08 T S AT
T, JLP- 2 . R HUKIR AR I 10 €,
HUBLAS SRR BE AR T R 29 10 °C
4 RETRAFUCIEARE

N T SRR Y U BT S A S R v A
R A I, X B0 2 B i LAY R T
%o, fEHEATRABFHCLHLIAE-F &, A 13

PR o ARl S A L E 58 241 i v 42 3 PT100 $4

RIS, SEm MR 45 2 T S IR IR R o U3 I 2R
BRI 25 C 2N 14 P

.
i HIK

1000 120 140

0 20 40 60 80
t/min

Pl 14 B TSR B AL T Hh 2

A0

it 3 %ok He e Bt A BROC O A 4 R ml
A BRI BB e FEe iR D 77.07 C i
B E FEEAIRIE N 79 C o DI Kl o 5
1,2 BRI AN 2 {EH N 2.4% . WH 2 EE S
TOFEIHE I ) — Se R B SR B, 22 (AR &
LRI

5 # i

e

ARICLUL 5 4.5 kW Bz FRABERCE LN
11, s Sr L = HERCR A A RGO AT AR A
YIS e MR G LR A, 13
U458

(1) FEfER AR B2 PE T, Boas T2 Bl
P AL AR IRLIEE 70 A T A ) £ A 1) PR32 3 T v, AR
TAEAERURE A5 70 56 5 5~ 5 2 S 50 44 3L 2 1
0 AZFROLAEAR XK, O AR 22 , i T e
g, e PR AL 32 M 00 ) B DX

(2) ARSCHZRGIRAL, 2 HAEHN 8 mm,
2.0 [EURBEKIE W2 HIK R 3.5 L/min (¥ 415
5L, BB



&AL 5 EH) & 2020,47 (5) WSk | EMCA

(3) WS it A R 5 a5 R 22 0 8 (14): 94.
AN BSIE T B R A HE o B s TR B [ 8] WIS KR AR, A5 TR RS U7 IR I
L= T B B T — 2 1 5 AR e RV E R G0 [T ] AL 5 i B
F11,2020,47(2) : 80.
(& % xx k] [ 9] ZERZE SRIRIE, olealm, 55 T 2000 e H 25 5 AR

LI 07 5 S8 [T, i Bl A5 5 27 41,
2017,21(8) . 48.

[10] Z=55, 2200 , & H , 5. B OK MR 258 T 7K 11K 33 £f)
MRARGE =4 W5 [T ] AL 5 1 o7 i,
2011,15(6) . 57.

[11] CHEN S J,ZHANG Q,HE B,et al.Thermal analysis

of high density permanent magnet synchronous motor

(1] XU, oo (AR B S A R [T ] v A8 AR 43
2,2017(9) : 21.

[2] W)yt A B R S R [T ] 1
2%,2000(3) : 1.

[ 3] RERZE BmA, TOCE, 4 HA A SR #cR shiLi
FE5 BR B B 15 3 M L] DR B T alk o2
4%,2016,38(2) ; 121.

[ 4] RAFAE ECas A e e Uz fi 3l AL oo ot 28 i 2K
LRGeSl o I DR S 7 ) B A N
2019.

[ 5] ZBRZE KGRI, TKRIRIE, 45 02 T A2 AR AL
To A% S T R e [V ] i TR
#%,2018,33(12) : 2665.

[ 6] P, PNV, ARG, 45 CFD i E 0 A 7] 25
BB Tl R [T ] 0 R BB TR 242441
2015,20(3) : 91.

(7] gl KB, B, A5 AEHLH K WG R A0 AL 15
TSR o B [T ] TR 22 4), 2015, 30

based on multi physical domain coupling simulation
[J].Journal of Electrical Engineering and Technology,
2017,12(1): 91.

[12] CAO Z,LI W,LI J,et al.Research on the temperature
field of high-voltage high power line start permanent
magnet synchronous machines with different rotor cage
structure[ J ].Energies,2017,10(11) ;1829.

(13] #libs, M scke ALt [ M4 b at w8 E
H At , 2006

[14]  BUKH, R, AR AL e [ M ] b5t
AL Toll i Bk, 1998.

R TE LB TLRETE LT TL LT TL T TL LB TL L TE LB TL AT TL B TETE B LA T e B LR T e R e e Tl

(L5 59 1)

[16]  ZEIH KBRS K M MLE 7B 5 TR ) A 5 FEY 5 BRI 15 0 M L VR B Tl R 22441
TR D ] MG IRV : MR BT KA, 2012. 2016,38(2) : 121.

(17] ZBRZE AR, O T, A AR GERCE S LR (18] A mlA [ M ALst MU Tl Rk, 2014,

0 < 0 0

(L% 63 )
S P L) ] AR TR, 1998,20( 1) -

(5 % % A .
(1] B AR R IR R ks [ DR E R [ 4] SRR, S 2R T B R D A3 S i A AL
R, 2002. AU A IR 0 B Bt BB [T ] M TR,
[2] ZRIGZAGHALILR AT SR & IC AT E [ D] K 2016,38 (] 2) « 139.
A RO, 2004, (5] 5KF, SRIE, Fhi s AN S & e AL fih R4 5%
(3] wliz, FhERA. Ak A & B H A R A0 i PR R [T ] AL B, 2017,34(5) « 47.



