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Abstract

In order to avoid the disadvantages of cumbersome, error-prone, long cycle of shaft strength
calculation by traditional method, a multi-stage centrifugal pump shaft strength calculation program was
developed based on parametric design language APDL. By transferring script file of the self model
program and executing the command SOLVE to calculate, parametric automatic modeling, load
application and solution, and the results of 3-D parametric display under zero-flow conditions and design
point conditions were realized. The stress distribution of the shaft at different conditions on different
sections and dangerous position were clearly described, and the accurate calculation of the shaft
strength can be performed. Application examples showed that the design and development application
program was used friendly and can get accurate calculations with visual results. This program of shaft
strength calculation greatly improved the computational efficiency of shaft strength and reduced the
analysis cost.

Key words Multi-stage centrifugal pump, Shaft strength, APDL language, Finite element analysis

VEARDLANE FH A7 il o 302 45 A B 2 7K 8 I P 8 1) 9

el R T4 P A ) %K 3 Sy b B T T 5
TR R R RO E] Rl T 0 Sk . PR T 0 3 S A

REBTREEM T, 2R E TRERMN T HEE'Y ., BT 2RE.0RERMEE R P

Wk B3 . 2011 —08 —28  f&[E H . 2012 -01 — 18

# VLN A IR A% BE 4 W B0 H (BK2011505) (VL5 f AL P 34 ) 152 T RR e Bh 00 VL 9% /5 55 27 A 1 75 BL 4 60 141 BA 3 3l 9% By o5 A
(FREF[2009]10 B ) TLHAE B B RFHE 5L 4% B35 H (09KID570001 ) FIVT. 345 WF 58 2 1 3 %) %2 B 55 H ( CX09B_1967)

TEEB A 26, WA B FRE R 0, FEN SRR R TRWF5E , E-mail : lwjiangda@ ujs. edu. cn

WIS il TR, OFE 0, 1A 0, 2N S R 2 TR WF5E , E-mail ; wdshi@ ujs. edu. cn



70 & oAk HLOM E 4R

2012 4

2 A AR 2R i A G T T 58 A R el o 3
CERUN VOB R NG RN E BRI DRSS 9
Bt e = A A B DR BLAE SR I A R AR
T oy gAY,

AR SCH) H ANSYS ) R IF & T H APDL X} %
ham AT SR BRT A

1 ANSYS XA AIEERF

ANSYS Sy 1l 2 B AR BR T B 1 ST T TR
MR R A5k, Je it T ZOJT & 194 11 APDL(ANSYS
parametric design language ) . UIDL ( user interfacd
design language ) fll UPFs( user programming features )
1Y APDL ZHLBTA R ST ANSYS K
T S fi by A T2 T G o ) 2 80 R 42 il R )
IR Z N EE YT P RO R UIDL
s 4’5 ANSYS [EJE L i) & 118 5 ; UPFs e i
PR A 2 59 FORTRAN AU % ] ANSYS 2, 50K
ANSYS fE )y 7 7 8 T, T8 ANSYS H. £ 455 5%
1 DI fE o

MM APDL By P il 5 5 R HRH A E A
ANSYS £ [RIT 73 H7 i &, T LA S B2 Bfe i it
IS A B 55K i DL K% S8 5 A PR SR i B
7 AT S S B A IR IT 70 1 Aid B, ROR R i
IR H R DD o W A 2 A R R T AT A
ETH,

2 FRMSEEITE APDL EFigit
PEAT 2 i A BROT T 0 R e A 1] i 4

WmE 1 s

F
BT

[~

I

E3I RS e N iy b |
Fig. 1 Flow chart of calculation program
A ANSYS [y AF: fir & 5 R P 17 81 947
log SCHF, 1 /INPUT ™ fig 3£ A log SUHF, IR A AT
SCOF AP 0 B 25 2, AT 58 B K0Pl il A L I s

o3 SR R E S BN 2 R SRR RCE A &
SER R, S B Bl B A BROT e A .
2.1 HEEEYT

GRS R NS W T o R (D DR < VA
BREE 742 D, W5 & AR . w3
iR A — A E T S KA, B APDL A
PSS B 1% A, 1R P A S EUE, W LAY
AN Ta) i A b R AT AR AR AR A v AT Ak T ) A A
WAL,

HAKM B P 7T .

! S—2 Wiihfk ANSYS FRE

FINISH

/CLEAR

/FILNAM, PUMPSHAFT

/TITLE, Static analysis of pump shaft

/TRIAD, LTOP

/PLOPTS, DATE, 0

! A BT UG E &AL A

* ASK, 1, first DOF long, 103.5

K,3001,0,D2/2,1

* ASK, m, second DOF long, 226.5

K,3002,0,D4/2 ,m

* ASK,r,third DOF long,1371.5

K,3003,0,D8/2,r
2.2 MHExI5y

FHh F 3-D Sk SOLID92 P T 4 85t , 454
BAITHA 10 A5 o HEAT S0 BUE RS 4
BOE L ERR P e SC T JLRR E R 2 Bk kL (dn 45
1Cr13 .2Cr13 1Cr18Ni9Ti %) &%, IR E# Bl &
A 1] [a) PR B 5 %) 7 P AR, SCT SRR L R I AL
LS8 R A d MAR R4 5 .

SETEE53 IR

DSERsE X

ET,1,SOLID92,

x ENDIF

IS Ry

MAT,1

ET,1,SOLID92,

SMRTSIZE ,4,

MSHKEY ,0

MSHAPE,1,3D

VMESH , ALL
2.3 FEmME

JORS RS N II= I ey I D S NP O Ik S



530

A6 45 JET APDL Y 2 9 B0 58 7% otk AT BT o0 71

TR . SO R P A Y, AR R AR
[61] 3 F0 ST 7= AR B AN S At i) g, B AR
ANSYS 37 o HE it A% 18] J 1] ) AL AR X 3
FH AT

N T ARAG T 7E 5 SCEAT I 1m) i, BRIAAR 18]
9 Y Jria) e gy Z 95 1), WA E DT [y Z B
a], R A A S S 00 G I Al % O 4 g DAy 2 R K
A o I BAT 0 B SRR AT

x* ASK,n, ’speed unit rpm’ ,2950

* ASK, QO,’ quatity unit m"3/s’ ,25/3600

FK,2009 ,MZ, -Mn/i

FK,2010,MZ, -Mn/i

SOLVE

FIN
2.4 BEBRRYE

J Ak PRASCHE 2 R T R A B R SR ik i B A 4L
oo AR BA B, WE A BME R 452

TE 58 BT 5 Ak PR A b, 3 R BN B Y
ASTE IR A FIOIRAS TR B0 0 45 o B A 20O Y
SR, X R R BEAT HE R s o HE R HhR]
VLA N g e R s, 0 2R i S mT se BROCT A5 Y
THMEFE AT IR BT ANT

/POST1 | i A J5 Ab 33

FILE ,Result, log,

PLDISP, 1

PLNSOL,S,EQV,0,1

% ENDDO

FE.1,10000,1

FTCALC,1

FINI

3 ERBOLRRMBEEFRITO M

DL DLY25 — 270 — 37 B 2 2 5.0 3 Ry i, A7
SR BEIT A ROT o . AEMERES RN ER 1 T
NONERIG R AR M BERKENE 2 i, &
BB 1455 mm, 7] 430 8 Bl B 10 A5
53 2 H S ALY % 4 il B 9 MM AR AL B
R 83 mm, A B 3 A S SR T
— B AN A )

3.1 BHEA

TR AT I, 1 S VR AT B A5 10 A A 0 A S
fF,ANSYS A g 7,38 o 5 i 512 50 A B,
i A BOEUT | Bl E R 5 2 S U AR
THT i A 2% B AR A A Bl

®1 RIEMHESH
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Tab.2 Shaft diameters and lengths of segments

HA#/mm 30 34 40 50 70 80 70 55

KJE/mm 41.5 59 814 135.5 196 88 60 61
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Tab.3 Pump shaft load calculation results
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Fig.5 Principal stress maps at zero-flow condition
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Fig.7 Dangerous points on the pump shaft
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Tab.4 Corresponding stress of the dangerous point
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