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Abstract: In order to test the effect of repeated start-stop on the reliability and drag torque of
the thrust bearing of the primary circuit main pump in sodium cooled fast reactor (SFR), a reliability
statistical scheme was designed by using the dispersion coefficient method suitable for small
samples, three sets of Babbitt thrust pads and one upper combination bearing prototype were
manufactured, a test bench was designed and built, the change of starting drag torque with shutdown
loading time was tested, repeated start-stop tests were carried out by simulating the real situation of
the thrust bearing. The results show that the starting drag torque increases with the increase of
shutdown loading time. The repeated start-stop has little effect on the wear life of the thrust pads,
and the reliability of the thrust bearing start-stop for 125 times without failure exceeds 0.99996
when the confidence level is 0.9. The repeated start-stop has effect on the drag torque of the thrust
bearing, and the drag torque of the thrust bearing shows a slow upward trend with the increase of
starting times. It is proved that the effect of the start-stop times must be factored in the design of
starting capacity of main pump motor. This study can provide a reference for the design of starting
capacity of main pump motor.

Key words: Sodium cooled fast reactor, Main pump, Thrust bearing, Reliability, Drag torque

0 3l BRI AT, AV AR AR E sk,
— Bl AR VU (SFR) WIS,  R— DI EIRIIRIN; SO HESEHERS, F5E

Wi BHEE: 2021-03-15; fEEBHI: 2021-04-07
EZ @I skiddE (1989—) , J, TRUIE, i+, SAFAZA] RN HCH A RIS, E-mail: zzxwth@163.com

i



https://doi.org/10.13832/j.jnpe.2022.03.0173
https://doi.org/10.13832/j.jnpe.2022.03.0173
mailto:zzxwth@163.com

174 ¥ g o TR

Vol.43. No.3. 2022

SLAa R AR AIFIIA AR . B RN HE
PPl — 3 S ia i T I, R RN HER O,
HEW RS2 et ELR . — Bl E R
SRR 2 — i v A A AR, s
1 ANE 7Sl 1 AR R, R VR
SETRAH B AT I R v 7 A I AR A 1) 2 A
P R VR PR 85 7 A4 i 2y
FHE 3 b R RIARS 1) b K ] o B X e 1 1 S
TER, Bl Rass

R 4 7 R ) SRR AR X g A
(FMEA) . BRI 4 (FTA) | AU iz
il gin] s, 37l i 32 2 S LB Rt 1 B
MBS o AR 28 M B s B DL s Stribeck )
LR FEMESTRLAERY . HEF B L U SRS RE B
SERITRTIR T, Bl A . TR A3
AR Bl A 7 R P TR A5 2 M SR i e A
SRR, YRR RN ) e R
TRIENT o ARGEHE ST AR B RE TR BRI AL
=R IE H A2 T T RS, BRI
V1) 2 T A% S i AR o IS 58 4 B T, TS
SRR . ARSI B, R T
SR AR AT ERAS Sk S5 B
B, DR T F AU S 1 R R A A
3R 1) g S RSP B

N ILHMR IR R A4S, RERES
T L G A A AN BT 45, E T 1T 5 3500 1 il
HRBRTL, 2 FR ML Ay, PR 2
SRS X 7 BB R A5 A Ml o 30 8 A% L 3238
AT E, RRREAE LR SR BOn R i i
0, LABERHE 7 il R B Bl R R R T 674
SFR F 44 Sy R A T B R DA B, R
JA A5 AT RS FUMRPR S, 1 I 52 9 7 S 7 11
SR SBEAE,  DR e B S B A5 X 4 Tl
Ja SRR AR, LATRIATE S T R S 5
FIRAMLIA G SIRE T2 A R 2K

1 ARG R

TR SO R A R A R 5
TEA IR M RAR T, RaEeaMHE A
MERAEE, RHA/MEARTEIATIAL . RIS
BRSSPSR o7 . B
Tl AEAEAR L SRS O Y 3 i 3 A K22 ] R RRE

AT BT R R FAE . B X F A oA TR
X8 IE 253 A B8R JR A0 A LR, ST o
HIC R BOE T R 25 il 5 T A E 9% 2 38 M A
HAWMHEISKIE S TR 7, HEA&ELZH
TR AR,

i S TR P B 1 BB 5 A A T
MFEOER A, TR b, i
SR R, A REA L A AT
BRI, SR T TR 2 4 A 4 R A
HRE %, HEAL A,

S+ = W/ N1Vl 2 )

R

KA, SCHHLRE, Now/Nos N2 1 75
A, HEIATEEEE N 0.13% 5 TSRS 99.87%
AT SEFATZ s ¢ (o MARIE IR 340 T o3 or
B on IR E yREFEZOR; R TSR
FEEOR s N RS E BARE  ATREEE T AR
K5 N ONERARE S I A

XoPBSE 25431 14 75 A ERE 32 7 i A i 43 A 1Y)
PRIEZEREI, FRar iR, TR (A i ]
Ko BT LB AR S L 2 0, %)
ARAT 55 P EEPE RS IR K, T B A
TR FOR B A4, PR Ok [13]
T AL I ORAE 10 AR 1086 )7 S8 00 5 AUz o

RIS RE S, REARE T 1 s ]
M, FEFF R AT FEME R A, SR AR
AT 2 BN, AT WFFSHE ) LB A k4
ek, I RE 3 AR TR, Wi T 5
i A TR R AR . AR T2 MRIRST R 3
ERREEHEN, UK 1G5/ E ek
A RAENL, AR RIS AR,
BRI g it 2 MERER I AL, TR
R ERR

HRAE IR BT T S vl S e, iR
BT S a BB REBUNEIE 125 1, ANEAERL
AT 5E BEBESR N 0.99996, “EAEEER N 0.9, ¥
PLESECE A (1), #BEES LR 54
STHLRECHN 4.65, SR FCHRIRET ] (R
) SHEMER (125%) BEE, A TRIER
SR ) FLES A5 A2 MR, B A ol T 2
At 582 Ik, AR 3 AMEERIIAN R AR, WIE
HF 3 1 BL B SR A5 75 i L 45 5 B T SRR R



SO S A5l R R LT A S 175

2 RMHE

T AR LA AR — 25, ST R I

(1) Btk fid, e oR s s
iR, BEREALGES shERE, RSNz 30 min,
AR (1) KT 03,

pHH A AR

u=M)/(FL) (2)

Kb, MRS s F ORI R E s L
AT BN S AR

AT - MR A HE S R T2 5
PR RIS, HE )k 5T L2 M5+
W Bt 7R L S S A v IR B ARG . AR
P SFR Iz AT T.00L,  F2ZE 4 7 Bl A= HLn 2885 1]
W H AL 30 min, R THFFE YU R
SR AR B R, 43 IR T R AL 2k B[R]
5. 10, 20, 30 min B AYJE SRR, AR
LA 1 R, R LA S, R shEE Ak
ML 28 Bsf 1] f0) 2 4 52 80 M RS KT 38 R a3, A
W, A THRRILAT UGS B, HHsh )
R TR 2 A 0 X I 1 52 L o 28 ) ) e S Sy

30 min,

11500
11000
10500 -

10000 -

JA BhREIHE/(N - m)

9500 +

9000 1 1 1 1
0 10 20 30 40
PERHLINZR R H]/min
K1 R SRR SR ] ¢ £ Hh £k
Fig. 1 Relationship Curve between Starting Drag Torque
and Shutdown Loading Time

(2) Btk ot # v, il PO R AR b
i 10C,

(3) AR A o s e TR fA A, P
BT s . BEPC R B AR RIS B A

(4) et & fs, Fatad 2 a5 rfE 1 B
(]2 B R T PR RR SR, ) PLIR AT
JETTERR (R 2R e A TR

PRzl RENIRE , F v B 0 R s i AR E
PR ZA R AAIHAA A L, e 45
U5 A PERE S UE KB FLIRTEAR ) o

3 ik I
3.1 REEHE

FAAFFT R IA, S ma A il R B
SR Z AR L, B R ] fE
PN SR ) B SCAE B, AR PR R0 45 SR i ]
Atk
311 WEHE  TAEAREE 5iEHRE XL
THOLILEE 1, IR R L T TAEPRBE 1Y i
i, HAR I A AR S B TR LT
AT

# 1 TARRE SR L
Tab.1 Comparison of Working Environment and Test
Environment

2H TSRS |

YR

IR/ C

0~45

AIRHBEE (25°CHE) /%

=80

S

ISO VG46

i/ °C

40-532 | 532

TV I U B/ pm

20

37 755 B /mm

380 | 380410

3.1.2 #E, HEHM@E

i e ARAEL T 1 S 2

SRR, B 1 HE R R AT EPLY
ek, Ja AL Zanis 2 frs o
250

200

)

HE9/(r + min
S
(=)

0 1 1 1 1 1 ]
0 50 100 150 200 250 300

Iea)/s
K2 JashAsELih
Fig.2 Curve of Start and Stop

T REHI M E S 582 Ik, FEE|
IRIO I A L TAE T BRI S A, )0 50
R 6 AN, A EIESE 97 R . ik
PHE S U LR E N 1.37 MPa, LIS 1%
HRAETBR TAE R e



176 ¥ g o TR

Vol.43. No.3. 2022

3.2 AL

R iR s R [T 2 3T N = A i T DYy
MR, BOPIHEE T a4, mGRe %
HUAE 6 DSRGM, HA R EE 3 B,

7 9 1011 12 13 14 15 16
6

4

K3 lmEs
Fig. 3 Test Bench
I—IEHL; 2—HIR SR s 3—MRMMas s 4—3C48; S—HIREIEIK
s 6—HRANAS ;s TN, 8N IROIRFHR,; 9—4E4Y,
10—FR AL RS s 1I—HE )%l 12—WURED; 13—FEREEMR;
14—, 15— B GHIR, 1R, 17—Ies

321 WFERGE ELEAFIKD 15 315 kW
M4 ZHAL, WA THERMWE T, Sl
5. TR EEUR 1w/, 7R
BLE R G (B LR 6.261 ) DAXE NS
DI, FAILS DBGHAR 2 )3 I A S g
FHUIMAL b U o D80 A ) i il 5 9l A L
B, A T ] e R AR B HH A A R
v, SERPREF BN SR, FTRE SBY
B E R, RIVHE R a SRR . dEad
AR s ge (PLC) fEhIASsies, Wia
SIFEHLS R A AL, DS SRS SR
a2

322 MELRZE MERGEA TR
Uity , A I AR S R R T A 1 A e 4 A%
1 LA, DU P A A T Sk ey L i £
We ST EL . namET SR Z MIECE T 1 ek
RERITR B, FH LIAZ 3 3l 1) 2 A I X0 864
(R ) | E= ol D= e T w e X £
SR, LA B r ) 28

323 MIERSG GHRLEMHEIL (EIFKIHE
Bl IRl RHIUKERYL) #b [ —EEm

ARG, RG] DL R S Y
P ARSCE Y, X R T 20 28R s A e i
Bk, ZARGEIA AT AR A I B R 1 65 1912
FPIRSHEATIEAL . RO, EhXT R
il e RO s DS A i AR 1 DA T 4R
WEHE AL, DIRIERS R GRS,
324 mARZE 7RISR PR
SETE 53+2°C, 7E L ARLH & RlR A s B m A
A AT A%, A A AR I e s s
PAGRUENAS P A3 L i 1 20K

325 RHARGE HHASRRITEIRSHIAKK
FANERADKAR, Wil s S s,
]y bR A R AR (TR TRLRE A R AT HK
326 [iEARSLG huihiiELERE, diE
KGR 20 pm, 386 R o ST I i i, DAAR
TR 17 BE T A A 2K

4 RIGER
41 EHERERER

RIS TR FU AR B TR, A BL AT JC K]
JEAERIYRE . I8 S W | oSl FUIERE
TR . FeRdRsh . . BArESEL R
PEdfe SR80, AR R A SR ) B
W AREE T 10°C, BOCEHUAE . R E BB
B S, R R & AR TR . 3 BT
a5 582 IR B EIRBLS , ULHAHE Sy R L
LR R IE IR .

582 YR IR 4 R s, R R SE TR
ks, 3 ELRRIIEHAET MLl I
R EBURIT, IS B REB IS, Rk
SRS WISFES 2, R TE S R A I
B, T H B A SRR T AR
INERAR AR

SERAFRR S, 43 3 BRI E] 1 E
AR, JFRE LIRALA SR i M R S IE
b ERA AR A TR AR R TR, 3B R
TR A AR L B AR R AR A R 10°C, T H 3
B 25 SRR, AR 25 AN T 5%,
FEXFF R R A R RE I IE IR, A58 4534
T A, 2 G T HP—ERRERFR
BT PR RIS X LR O



SO S A5l R R LT A S 177

#2 A PEREIREN L
Tab.2 Comparison of Performance Test before and after
Repeated Start-stop

B RN | RRRE
#3#/(r - min) 742
FLJE/MPa 1.37
VHIKIR/ C 403 40.7
PHIKHEE/(L - min'') 138.8 140.1
Jiifi7/mm 380 385
Tl IR B2/ °C 55.6 56.9
I PUREE/C 54.5 56.3

IRARERY], 27N 5 a S EIEL,
A1 77 Bl RS S 2R B AR R T EE E D 0.99996,
BRI 0.9, BEHITELS E R ORI ER T,
ESE IO CNERC DOk DAL MN ) R e Al
BN,
42 RBEBENEZHESR

1o AN B AH R A% TR S R AR I AR
B PR S R B 0O S AR (AR )
R E RSB, B B MR 2 582 4R
ST

WA RS A (97 WA ) IR R
AR, 3B B R B 55
MIAAEHER, ANk 4 P, B 3 BERAF
PR R BRI 2 &l 5 Fron o al UL EL, B
HIREBINIG 2, S A R KO- R A
eSS NI SL I B OE IV TS Vel ik
MR, SRR B e 2tk i s, X
J2 PN R S B AR SRR, TR SR e
FAZ e, (B EA R TR, R

0.290

0.285 -

= 0.280

- 0.275

0.270

TR

0.265

0.260

0255 1 1 1 1 1 1 1
o 1 2 3 4
JH 3

K4 SRR B 4

Fig.4 Variation Curve of Maximal Torque Coefficient

SERBCEREYLE B, NI FR Bk g

I, BRI R RS2 FINTEE, 38

FURHIAE R B Bty AR 2ZE AT 5%,

FU AT 181 T 50 0 Be A &A= LI ] DL BE (g A8 Ak

{HRHR R AR S s, W AL T

AW I S S R E R . DL RS R

TEFFREBALE ShRE I i, B 7% 8 A

FEEREON IR SBH T2, kSR ShRE A 2

R R TR B, I TT LA ER N 10% 1)
LR

0.264

0.262 |

0.260 |

0.258 |

W 0256 F

% 0.254

£ 0252f

B 0.250 |

0.248

0.246
0.244
0

3 4
JEH]
B 5 SEEHIA R

Fig. 5 Variation Curve of Average Torque Coefficient

5 & 1

ARSCB IR T 1 R R X SR
P ] SEPEAE SRR, ATTEAE SRR .

(1) fEL4E MR IECEDR T, SFR — [l
E I S SR A5 R b R 4 At T A S T
BN

(2) BEH R ORI Z | (EPU R (a]
FER, HETTRIRBE TR S BRGEH R EH

(3) 7EJT R FR AT SRR, 7% 50
O35 RSSO . A HUIN 2T TR] X HE T AR RS 3l
BHTTRE RS, O ShRE AN A i R G
JRh.

SE Wk

(1] & T 4, XISrak, AR, 4. Bl K i ) ok
FAn TG TR ], B3 71 AR, 2019, 40(S2): 104-
107.

[2] FARAON 1 C, SCHIPPER D 1J. Stribeck curve for
starved line contacts[J]. Journal of Tribology, 2007,
129(1): 181-187.

[3] LU X B, KHONSARI M M, GELINCK E R M. The


https://doi.org/10.1115/1.2404964
https://doi.org/10.1115/1.2404964

178 ¥ g o TR

Vol.43. No.3. 2022

Stribeck curve: experimental results and theoretical
prediction[J]. Journal of Tribology, 2006, 128(4): 789-
794.

[4] FFBEES, PNRJL, X4l AR gkt o bedh R m
MRS B Stribeck il 2k 7 53 [J]. HLI AL 30, 2016, 40(1):
124-126.

[5] ARWl, E&, XBFLT, S B AR B )
ARSI FRE ST I]. A% B 01 TR, 2017, 38(S2): 50-
54.

%jz TGS, A% 39 TC I E 5 HE ) b R B L vt
1 ARFEFA, 2019(1): 10-13.
)f/J ¥ﬁ i 25 & BIHLFE A A 28 55 i i g A T 15T
FE[D]. 4. Fadb Tl K2, 2006: 2-3.

[8] 25, T&if, MR, &l Sk ™ & i S an s
A SR HEHETPAG [J]. MR % S8R, 2004, 23(7):
876-878+882.

(9] B, fIFRE, (R, 55 CHLEHRE ST BBl R
BATFE). ULBEREE, 2016, 38(5): 1076-1081.

[10] Wﬁfﬁ. 10 Bl b R 1 S S 54 3 0 R ]

[0]. BEFHRMAAAR, 1996, 14(2): 191-198.

(L) B/, XU SCBE. ARMAAS [+ G341 B9 57 75 i 7 3 2R K
SARTI]. ALE S R K224, 2002, 28(1): 47-49.

[12] fi/IMH l‘ﬁﬁm FET X BOE 2570 A1 2 ks 96 A i )
WRBULI. A sh J12:4), 2006, 21(4): 738-740.

[13] it %ﬁﬂﬂ(. BT/ N 22 R AR I 4 SR 0 77
A R RGE ] MUARRNZ S EOAR, 2006, 25(1): 99-
101.
(14] rb N B AR 47 e 2 10 Pl SEE S A -
GIB 899A—2009[S]. Jt5t: H EIbRIEH Mitt, 2009 .
(15 W eI . R IR 57 oK 2R 4 il o 45 ) 9 o A 5 %
W) HEE Ty, 2004, 37(11): 53-56.

[16] WANG X H, ZHANG S W, FAN Q Y. Adhesive wear
model based on the fractal geometry theory[J]. Journal
of the University of Petroleum, 1999, 23(6): 50-52.

[171KAUZLARICH J J, WILLIAMS J A. Archard wear and
component geometry[J]. Proceedings of the Institution
of Mechanical Engineers, Part J:Journal of Engineering
Tribology, 2001, 215(4): 387-403.

TS B )


https://doi.org/10.1115/1.2345406
https://doi.org/10.3321/j.issn:1003-8728.2004.07.036
https://doi.org/10.3969/j.issn.1001-5965.2002.01.012
https://doi.org/10.3969/j.issn.1000-8055.2006.04.022
https://doi.org/10.3321/j.issn:1003-8728.2006.01.028
https://doi.org/10.3969/j.issn.1004-9649.2004.11.013
https://doi.org/10.1243/1350650011543628
https://doi.org/10.1243/1350650011543628
https://doi.org/10.1243/1350650011543628
https://doi.org/10.1115/1.2345406
https://doi.org/10.3321/j.issn:1003-8728.2004.07.036
https://doi.org/10.3969/j.issn.1001-5965.2002.01.012
https://doi.org/10.3969/j.issn.1000-8055.2006.04.022
https://doi.org/10.3321/j.issn:1003-8728.2006.01.028
https://doi.org/10.3969/j.issn.1004-9649.2004.11.013
https://doi.org/10.1243/1350650011543628
https://doi.org/10.1243/1350650011543628
https://doi.org/10.1243/1350650011543628
https://doi.org/10.1115/1.2345406
https://doi.org/10.3321/j.issn:1003-8728.2004.07.036
https://doi.org/10.3969/j.issn.1001-5965.2002.01.012
https://doi.org/10.3969/j.issn.1000-8055.2006.04.022
https://doi.org/10.3321/j.issn:1003-8728.2006.01.028
https://doi.org/10.3969/j.issn.1004-9649.2004.11.013
https://doi.org/10.1243/1350650011543628
https://doi.org/10.1243/1350650011543628
https://doi.org/10.1243/1350650011543628
https://doi.org/10.3969/j.issn.1001-5965.2002.01.012
https://doi.org/10.3969/j.issn.1000-8055.2006.04.022
https://doi.org/10.3321/j.issn:1003-8728.2006.01.028
https://doi.org/10.3969/j.issn.1004-9649.2004.11.013
https://doi.org/10.1243/1350650011543628
https://doi.org/10.1243/1350650011543628
https://doi.org/10.1243/1350650011543628

	0 引　言
	1 可靠性统计方案
	2 失效判据
	3 试　验
	3.1 试验剖面
	3.1.1 环境剖面
	3.1.2 转速、载荷剖面

	3.2 试验台架
	3.2.1 驱动系统
	3.2.2 加载系统
	3.2.3 测控系统
	3.2.4 加热系统
	3.2.5 冷却系统
	3.2.6 过滤系统


	4 试验结果
	4.1 推力瓦磨损情况
	4.2 启动阻力矩变化情况

	5 结　论

