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Modeling of Normal Contact Stiffness of Interface

Considering Side Contact of Asperity
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(1. School of Mechanical and Precision Instrument Engineering, Xi’an University of Technology, Xi’an 710048, China;

2. Technology Department of Xi’an Kunlun Industry (Group) Co. Ltd., Xi’an 710043, China)

Abstract: A modeling approach for the normal stiffness of the lateral contact interface considering
the horizontal distance distribution between asperities is proposed. After the information of
contact plane are acquired by sampling, the distribution of the horizontal distances among
asperities on the contact plane are investigated statistically. It is found that the distribution of the
horizontal distances among asperities is approximatly the normal distribution. Once a normal
stiffness of asperities is determined based on side contact theory between asperities and
continuous deformation theory of asperities, according to the distribution law of the horizontal
distances between asperities, a new normal contact stiffness model of contact interface is
constructed following probability and statistics theory. The simulation indicates that the normal
contact load of the new model is greater than the load of KE model and less than GZQ model
when the average distance between contact surfaces is given. Meanwhile, when the distance is

small, the normal contact stiffness of the new model always less than that of KE model. When
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the distance is large, the contact stiffness of this new model is greater than that of KE model, and

the normal contact stiffness of the new model is always is less than that of GZQ model. And the

top three-order vibration type acquired based on the finite element simulation of the new model

coincides well with the test outcome, and the maximum natural frequency error reaches 8.2%,

which verifies that this newly proposed model can forecast the normal dynamic performance of the

joint plane more exactly.

Keywords: horizontal distance of asperities; normal distribution; lateral contact; normal stiffness
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Fig. 1 Side contact model of asperities
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Fig. 9 Third set of random two-dimensional contours

of upper sample
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Fig. 10 Third set of random two-dimensional contour
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The horizontal distance of the center of the micro
convex body is obtained in the form of “one peak to

two peaks”
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bution of asperity center (sampling interval 1 pm)

AN s/pm o /pm Ry Sk Tk Ziu
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EHE 2.075 13.512 —0.017 3.006 0.634 0.576

2 AR R fk 5 TR

B 45 T Bl ™ MR A8 RO BR AR 5 35 ) T P AR
AR s S an 18] 24 Fros o Mo Z0 #0Z, S
MR R LRy R R, O PRGN R B SRR AR s
PO AR A Tt K P RS L 0 R BB R 22 1] Y ik
1o d A T B S S TA) IR . R A R AR B 4 i
TME R — A, dr OX'Y' Z' b &L, 0L Z' 05
] i 1) o LAY O 1) S D)y, U2k fn] £ 0 T L 43
fift Ry Z' 5 P BV X r e P, 76 P AEH
TN RTE 205 T RAEAETE BT Al 0y s 1E P,




$e

FAEZE S B B A O ik #2255 TR 9 1) 2 S D e A 123

TERR SO IR TE X R AW R B R Cr .
el & WG M — AL 5L OXYZ AR & 2 45
FHRE N Z 4 a5 Gl X fle & o Co
XHE Z B LA .6, O 6 MIXTAE Z il A%
i A Z i B E N6,

P L
1] ___ /_
- “,'
6
N o
ZC N
Z N'
1"
s I E2

P24 Bl AUl fih o 52 1]

Fig. 24 Schematic diagram of side contact of asperity
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Table 2 Surface topography parameters and plasticity index

o+ R ¢ B
1.6X10 0.033 9 0.7
3.0x107" 0.041 4 1.0
6.5x10 " 0.047 6 1.5
1.1X10°° 0.054 1 2.0
1.7X10°° 0.060 1 2.5
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Table 3 Material parameters of contact specimen

R S8 B AH

F PR R/ GPa 207
THN L v 0.28
B/ (kg »m ) 7 850
Je IR 3 & / MPa 355
1 ¥ /MPa 432

AR SCHk [ 22-24 177 12 4 21 14 2 fok 2 100 1) %% B
GEAFS BN SR RS S B 22 o= 1. 01 pm il
AR R=4. 3 o B0 A oL 2K SF B B 4 A1 MR 22 o
=12. 1 pm, SPEFREL ¢=40, ARAEX LL 58125 KO
T e I 4 325 16 16T 7 R AR SCRSE R g T LA
F A FORME NI E K, . BT XL R 4 b
FIH T KE BEALURT GZQ 5B f) 75 1) 2 fil Wi B2

A4 e d kR E

Table 4 Contact stiffness of joint surface

K,/(Nem ")

GZQ IR AR
0.6  9.60X10° 3.33X10° 1.01X10° 8.73X10°

BT R S SCEk[25]
/MPa K,

KE 1!

0.8 1.50X10° 4.24X10% 1.26X10° 1.09X10°
1.0 2.10X107 5.38X10% 1.58X10° 1.37X10°
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Table 5 Comparison between simulated and experimental

natural frequencies of different models

1 [ 47 %/ H
B KEME GZQEE ALMm
MPa U g g g R
1 210 250 228 238
0.6 2 296 355 314 330
3 890 930 911 920
1 230 275 234 242
0.8 2 320 380 325 351
3 920 990 942 960
1 241 295 245 260
1.0 2 330 408 342 372
3 937 1022 961 980
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