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Modeling and application test of contact stiffness of

bolt connection structure of disk and drum
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Abstract: In view of the problem of precise modeling and engineering application of the con-
nection stiffness of the bolt connection structure of the aero-engine disk and drum rotor, the rela-
tionship between the first six natural frequencies and the bolt preload was obtained through the in-
herent characteristics test of the bolt structure of the sectorial disk and drum. Considering the
stress distribution on the contact surface of the bolts, the variation of natural frequencies of the
bolted structure of the sectorial disk and drum with the elastic modulus of the thin-layer element
was obtained based on the double-thin-layer element method. The identification of the contact stiff-
ness was realized by constructing the error function of the test and simulation results, and the con-

tact stiffness model was applied to the bolt connection structure of the whole circle drum, which
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verified the validity and universatility of the model. The results showed that the contact stiffness

model established based on the natural frequency test and simulation of sectorial disk and drum

structure connected by single bolt had an average identification error of 2.40%.In the bolted struc-

ture of the full disk and drum rotor, the average error between simulation and test was 4.10%,

which verified the universality of the proposed contact stiffness model.

Key words: disk and drum rotor; bolted connection; contact stiffness;

stiffness recognition; thin-layer element method
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Fig.1 Method of constructing thin-layer element model

based on contact stress
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Fig.2 Sectorial disk, integrated structure of sectorial drum,

bolt connection structure of sectorial disk

and drum and measuring points
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Fig.3 Test system for the inherent characteristics of

the bolt connection structure of

the sectorial disk and drum
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Table 1 Natural frequency test results of the sectorial disk and the sectorial disk and drum

[ 45K /Hz
gy |
51K 552 55 3 b 5 4B 55 56 B
Ji T 4% 589. 00 1 840. 00 3.890. 00
3 I 85— IR 45 4 35.25 62. 50 302. 00 632. 00 1 750. 00 1 965. 00
R BRENEREEZHMEEHFEENRER

Table 2 Natural frequency test results of the bolt connection structure of the sectorial disk and drum

55/ — #4547 % /Hz

(N'm) 4§ 1B $ 20 %30 4B 50 %65
1.5 1071. 4 23.5 40.5 207.5 560. 0 998.0 1790.0
2.0 1428.6 23.8 40.5 207.0 560.0 1015.0 1795.0
3.0 2142.9 23.9 40.5 208. 5 560. 0 1022.5 1.800.0
4.0 2857.1 24.0 40.7 209. 5 560. 0 1025.0 1.800.0
5.0 3571.4 24.0 40.8 210.0 560.0 1027.5 1805.0
7.0 5 000. 0 24.1 40.8 210.5 561.3 1037.5 1815.0
9.0 6428.6 24. 2 41.0 212.0 561.3 1070.0 1820.0
12.0 8571.4 24.5 41.5 215.5 562.0 1072.5 1825.0
15.0 10714.3 24.7 42.2 217.0 562. 5 1077.5 1825.0
20.0 14 285.7 25.0 42.5 221.5 565.0 1080.0 1830.0

AL/ % 6.38 4.94 6.75 0.45 8.22 2.23
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Fig.4 Acceleration sensor response time history

and spectrogram

3 BEREHEBERERSMETRHE
BRTIFE

3.1 BREAHEAHEGTESEMSEEGE

JE TR Mk A7 BR IC 43 #1 # 44 Ansys workbench,
G35 LR B Y £ B RS I e A —
PR ZE A 2y SROBLES A B o SR FHER AR 1 Al 22 DX ) A
%l 43 T H Multizone #E47 2 #0102, £R1IE 2 0% 1
WA 25 B o T B — IR S5 H 1 29 o 7 2 S RS
SRR A PR R — B, 45 4 H A R 2 S R
g LR 5 AR .

5 B DR 45 S0t L 22 B - e TR 4 B B 8
— A 5 ey ) 5 B R A AR 5 K A e R A
BRI 1.54% .2.88% o K1, b 2 45 0 Bt I
B — VR 25 M AT BR T d BSOS B 2 i R AR A
Jita A B

Xt TV 45 o W A 3 P 5 M T R AT BR T A,
SR P TS 2 4 fiuh % % 0 0 35 5 5 % 2 109 2 44 f v

4000

3500 |

3000 —e— TS UGS
N —e— TR L4
T 2500 —— TR B A0 4
g 5000 —— I RE AR B R
X
% 1500

1000

500 f
1 2 3 4 5 6

TEEETES 1
P S A4 A R L) B SE R 25
Fig.5 Natural frequency simulation and test results of

each structure
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Fig.7 Thin-layer elements and mesh division of

the contact surface of the bolt connection

structure of the sectorial disk and drum
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Table 3 Simulation results of the influence of different mesh densities of thin-layer elements

on the natural frequencies of the structure

g A% R

R R/ Ee)

B 2% /Hz

. WA HITH
el mm 1M W2k H3W $ 4k $ 55 56
A 2.0 26.40  43.93  220.98  561.09  1183.3  1909.0 896 88
B 1.5 26.40  43.93  220.99  561.10  1183.4  1909.6 1096 108
C 1.0 26.41  43.93  221.06  561.12  1184.3  1912.6 2396 268
D 0.5 26.41  43.94  221.08  561.12 11845  1913.2 7412 916
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Fig.8 Natural frequency of each order varies with the

elastic modulus of the inner thin-layer element
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Table 4 Calculation results and calculation relative error of elastic modulus of inner thin-layer element
N 47 451 5%/ Ha PSR AR
1B 2B M3k 4l %55 wop  BUE/GPa RV
1071.4 25.52 41.65 205.3 556.5 958.4 1813.5 0.58 3.07
1428.6 25.69 42.35 208.5 558.0 988. 9 1817.7 0.71 2.89
2142.9 25.73 42.49 209. 3 558.2 1 .000.7 1819.2 0.78 2.74
2857.1 25.76 42.59 209. 8 558.4 1008. 2 1820.2 0.83 2.52
3571.4 25.77 42.65 210.0 558.5 1012.3 1820.8 0. 86 2.43
5000.0 25. 82 42.80 210.9 558.7 1024.7 1822.5 0.96 2.38
6428.6 25.94 43.19 213.0 559.4 1057.2 1827.3 1.33 2.49
8§571.4 25.97 43.30 213.7 559.5 1066.7 1828.9 1.48 2.06
10714.3 26.02 43.42 214.5 559.8 1077.8 1830.8 1.69 1.70
14 285.7 26.05 43. 50 215.0 559.9 1085.4 1832.2 1.86 1.84
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Fig.9 Comparison of test results and simulation results of

thin-layer method
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Fig.10 Contact stiffness of the thin-layer range varies with

the bolt preload
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Table 5 Natural frequencies of the bolted connection structure of the disk and drum rotor based on the simulation

of the double thin-layer element method
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Fig.13 Natural frequency simulation and test results of the

bolt connection structure of the disk and drum rotor
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test results
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