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Simulated annealing algorithm-based optimization of crank
phase arrangement of quintuple-cylinder reciprocating pump
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Abstract; In order to improve the force distribution on the crankshaft of reciprocating pump and en-
hance the crankshaft performance, an optimization model of the crank phase arrangement of a recipro-
cating pump was established based on an analysis of the force and strength of the pump crankshaft. In
the model, five initial phase angles of the crank were used as design variables and the maximum ben-
ding moment of the critical sections of the crankshaft was the objective function to be minimized. Based
on the simulated annealing algorithm, the crank phase arrangement was optimized and two
arrangements were obtained. Furthermore, the stress and strength simulation analysis were carried out
for the optimized crankshaft. The results show that the optimized crank phase arrangement allows the
crankshaft to have the smallest maximum bending moment and the lowest combined bending and torsion
stress. Compared with the worst arrangement, the optimal arrangement has effectively alleviated the

stress of crankshaft.The method for establishing optimization model of crank phase arrangement herein
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is universal and applicable to the crankshaft with even more liquid cylinders (five, seven and nine cy-

linders) in single or double action reciprocating pumps. The simulated annealing algorithm can

optimize crank phase arrangements quickly, but also can obtain the global optimal solution and subjects

to a high reliability. It provides a new approach for crank phase arrangement optimization of similar

crankshafts.
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Fig.1 Force analysis of crankshaft

T A S2 B 2%, O TR fE R
B

1) AR, 473k Sl 28 (R 28) 4L
AL S/ N HE R R 2 T MO R IR A
AL

2) A IEA G RN HE S AR T EN
J S 5.

3) Kz SlaB F R A AR S R T
HOIUar N SO PR R

4) Wb rEmIEE ST A ST R
TIARXE FE ST GERT BN B AT

TR JE A5 L P b AR BRI i Sl ML A
[, WSO H AR RS @ 5 L0 07 o AP 2 SR AR A7 2
M , B SRR 1412 2l 552 7 faf PELUN A 2 s



== T Y T

B 43xi

Fiqyi

K2l B s sh 52 Tt P

Fig.2 Sketch of movement and force in crank-crosshead mechanism
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Fig.4 Diagram of force analysis on support 1 of crankshaft
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Fig.5 Diagram of force analysis on middle support 2

of crankshaft
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Fig.6  Crankshaft critical sections
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Tab.1 Optimal arrangement and minimum

values of maximum bending moment and
combined stress

100 120

i [RWIES M/ (N = m) a/MPa
A-A 12345 65 133.103 3.778
B-B 24135 216 241.902 12.542
c-C 42531 322 540.492 19.010
D-D 35241 323 753.537 19.080
E-E 15342 522 517.310 30.343
F-F 15342 523 294.709 30.388
G-G 14253 465 815.399 27.018
H-H 14253 466 684.284 27.068
1-1 15342 467 635.698 27.123
J=J 15342 468 511.055 27.174
K-K 12534 469 469.489 27.229
L-L 13524 470 351.243 27.281
M-M 14253 413 606.207 23.990
N-N 15342 302 453.521 17.543
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Tab.2 Critical sections and maximum bending
moments
(URIVES fER AT M/ (N - m)
12345 F-F 536 495.718
24135 J=J 530 766.825
42531 J=J 530 766.825
35241 J=J 530 766.825
15342 H-H 529 094.962
14253 J=J 530 766.825
12534 H-H 529 094.962
13524 J-J 530 766.825
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