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Fig.1 Dynamic model of line contact friction pairs
in EHL condition
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Fig.2 Free vibration characteristic curve of SDOF
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Fig.3 Solving process of dynamic characteristics

of friction pairs
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Fig.4 Response curve of the dynamic characteristics

of friction pairs under free vibration condition
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Fig.5 Free vibration curve of elastomeric oil film

under displacement disturbance
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Fig.6 Effect of equivalent mass on vibration

response of friction pairs

I 6wl UL, Bt 35 45 3% i i me 1) K R 4%
) ) 4 0 e 1 0 J] 00 i 2 R (H R 1 AT AL
JEE {5% B 45 00 ik ) 728 A A B2 T JEE 4 1 £ W L
JE O ATE S BE 45 W 14 19 52 LT 4 I K 45 2005
i TG A0 B AR R BN A, AN B P A 4
WY 3 e 5 T R, AR T B R e, S AU
e B T A0 IR AR B UL, 5 0 IR 2 KR
BEI, T EVCES, A RE AR UE T3 A Sk A
W SIOKS JEE



BABE 55 4 i 3 0 IR 25T B 45 R 14 R RELJE BT 5 71

®1 SHFEEEZE RN EE R0

Tab.1 Effect of equivalent mass on stiffness and damping of friction pairs

HAT/N W/ (mes™)  JFifk/kg  THWNE  AEHNIE/(N-m™) TRMEE  AEHHEE/(N-sem™)
m 4.455 15 4.056 1x10° 0.452 08 6. 606 1x10°
2m 4. 460 93 3.954 8x10° 0. 462 09 6. 624 0x10°
L 000 o1 4m 4.455 15 4.056 1x10° 0. 449 08 6. 447 7x10°
6m 4. 468 30 4.026 4x10° 0. 457 06 6.508 8x10°
8m 4.472 05 4.035 7x10° 0.456 18 6.589 1x10°
10m 4.433 61 4.092 3x10° 0.443 05 6. 638 7x10°
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Tab.2 Influence of incentive method on stiffness and damping of friction pairs
fifE -2V R/ ENEER TN B W/ P i WHLe/
N (m-s™") Heah Il 22 (N-m™) fHe (N-sem™)
200 ik h 4.230 26 3.978 9x10° 1. 144 44 1.291 7x10°
AT 145 3% IR 4.228 50 3. 949 8x10° 1. 140 22 1.310 2x10°
| 000 o1 WA %) R5 )| 4.455 15 4,056 1x10° 0.452 08 6.606 1x10°
A7 155 34 IR 4.450 78 4. 043 2x10° 0.453 86 6.711 4x10°
1 200 (DA% =) 4.584 26 4.173 7x10° 0.433 09 6.337 3x10°
TR 18 384 Al 4.584 86 4,174 2x10° 0. 436 14 6.347 7x10°

x 3 HIRSA R EEE R E R R A %20
Tab.3 Effect of vibration frequency on stiffness and

damping of friction pairs

R/ T4 AEHR RN A4 H

57! WigE  BE/(Nem™) BHJE  JE/(Nesem™)
0.05 4.584 86 4.1742x10° 0.443 09 6.711 4x10°
0.10 4.584 62 4.174 0x10° 0.442 31 6.699 6x10°
0.15 4.581 38 4.171 1x10° 0.439 04 6.694 1x10°
0.20 4.582 10 4.171 3x10° 0.440 34 6.701 2x10°
0.25 4.58192 4.172 7x10° 0.442 97 6.712 8x10°
0.30 4.582 01 4.173 5x10° 0.439 62 6.709 2x10°
0.40 4.583 61 4.172 9x10° 0.440 57 6.710 7x10°
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Application of Response Surface Method to the Hierarchical Correction

of Mill Transmission System

TAO Zheng', MAO Songlei', GUO Qintao”, LIU Xu'

(1.School of Mechanical Engineering, Zhengzhou University, Zhengzhou 450001, China; 2.School of Mechanical and Electrical

Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: Accurate finite element models were important to dynamic design of structures. In view of the complex
structure of large mill transmission system, the substructures of the transmission system were taken as the re-
search object based on the idea of hierarchical, the experimental modal frequency data were taken as the target
values; the finite element model updating method based on response surface was served to optimize the uncertain
parameters in the structure; and the substructure model was modified. The correction results showed that the fre-
quency error was less than 0.03%, the value of vibration mode correlation coefficient was above 0. 89, and the
frequency response curve of the simulation model was close to the frequency response curve obtained by the mo-
dal experiment. It showed that the accuracy of finite element model was obviously improved. It verified the feasi-
bility of applying response surface method to the design and dynamic analysis of large mechanical equipment
transmission system. And it laid a solid foundation for the follow-up overall analysis of the system.

Key words: mill transmission system; substructure; modal test; response surface method; model updating
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Study on Dynamic Characteristics of Friction Pairs in
Line Contact EHL. Condition

XIA Boqian, XU Mengxia

(School of Mechanical Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract; This paper set up a coupling model of dynamic and elastic lubrication system of line contact friction
pair in the flow state. The complex direct iterative method was used to solve the change of rigid body center
film thickness during the vibration process of contact body. The stiffness and damping of the friction pairs were
calculated by the calculation model of stiffness and damping. The influence of different quality, different incen-
tive methods and different excitation frequencies on the dynamic characteristics of friction pairs were studied.
Results showed that in the vibration process of contact body, the thickness of the center film of rigid body fluc-
tuated in the equilibrium position, and as the mass increased, the vibration amplitude and period of the con-
tact body would gradually increase; The stiffness and damping of the friction pairs were not related to the se-
lection of the mass or the dimensionless natural frequency. When studying the influence of excitation mode and
excitation frequency on the stiffness and damping of friction pair, the dimensionless natural frequency value
which could make the program converge well were selected. It greatly improved the precision of the calculation
results and the accuracy of the conclusions obtained.

Key words: line contact; elastohydrodynamic lubrication; friction pairs; stiffness; damping



