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Evaluation of Damping Laying Scheme of Planetary Gear Box
based on AHP Method

WEI Bo-wen, CHANG Shan, LUAN Sheng-gang, ZHANG Kun
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Abstract; Aiming at the vibration reduction effect evaluation of damping laying scheme of planetary gear
box, a certain type of planetary variable frequency and speed regulating gear box was taken as the re-
search object, the index system of damping laying scheme was established based on analytic hierarchy
process (AHP), and the damping layer thickness and damping material loss factor were taken as the
quantitative indexes of the scheme. Combined with the qualitative index of the scheme, the optimal
damping laying scheme was selected by comparing and analyzing the schemes. The finite element model
of the damping laying scheme of five boxes was established, and the vibration acceleration level of the
model foot at the measuring point was obtained by simulation analysis. The results show that the damping
layer thickness and damping material loss factor have significant effects on the vibration acceleration level
of the foot at the measuring point. The scheme 5 is selected as the optimal damping laying scheme by the
index system, in which the damping layer thickness is 14 mm and the damping material is SA-3. The model
peak vibration acceleration level decreases by 1. 64 dB on average compared with the original model,
which is better than other 4 damping laying schemes, verifying the correctness of the evaluation method.
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Fig. 1 AHP analysis flow chart
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Fig. 2 Finite element model of gearbox
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Tab. 1 The first 20 order modal frequencies of undamped box

S
%% 755[ *ﬁlu
1 2 3 4 6 7 8 9 10
P/ Hz 142.99 163.49 183.01 188.75 230.92 240.97 255.58 276.44 283.58 315.75
S
5w RS
11 12 13 14 16 17 18 19 20
$i %/ Hz 324.81 325.40 353.44 361.17 369.08 373.58 390.98 414.68 427.94 442.50
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Tab. 2 Damping laying schemes

WES FHLJE 22 B/ mm FHIE 1R
1 2 SA-3
2 2 DFM
3 6 SA-3
4 10 SA-3
5 14 SA-3
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Tab. 3 Material parameters

MR EE/kgem T MR/ MPa JARAK BRFER T
5N 7 850 200 0.30 0.02

SA-3 1760 314 0.49 1.38

DFM 1420 181 0.45 1.06
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Fig. 3 Index system construction of damping

laying scheme
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Tab. 4 Quantitative index analysis
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Tab.5 Expert qualification evaluation index system

) FHJE J2 5/ mm RELJE B4 AL E R 7
i JFAREHE A RREdE H—fbaba

1 2 0 1.38 1

2 2 0 1.04 0

3 6 0.33 1.38 1

4 10 0.67 1.38 1

5 14 1 1.38 1
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Tab. 6 Expert scoring of qualitative index

] S LY 54k, CIE: 33 Zh H—4k

vE LRI LR2 LRI LR4 Lxs WO W L1 LR2 LRI LR4 Lxs M A
1 5 5 5.5 5 5.5 5.175 0.12 8 8 8 8.5 8 8.125 1

2 4.5 5 5 4.5 5 4.775 7 7 7.5 7 7.5 7.175 0.72

3 6 5.5 6 6 6.5 6 0.37 6 5.5 6 6 6.5 6 0.37

4 7 7 7.5 7 7.5 7.175 0.72 5 5 5.5 5 5.5 5.175 0.12
5 8 8 8 8.5 8 8.125 4.5 5 5 4.5 5 4.775 0
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Tab. 7 Quantitative value of index
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Tab.9 Judgment matrix of each index under

parameter index

SRR FHLJB 2 R B2 FLE AR FE T
e =R 1 4
FHJE B BHBFE N T 0.25 1

AR B B A
P2 i LR [ S 1
PIZE i LN ER A o 3
PIZ @ PPN ER j i 5
PRENNIAISE S A e S 7
PR i LLPRIER i 2 9

AR &I T Y e i) 2,4,6,8

TE T A FEARACE T, 25810 4% 2 IF8 A
K, A 400 Ve Beds b ) 1 20 I 46 B, an <% 8
B

R 8  BE MERE SR H BT 45 BE
Tab. 8 Judgment matrix between parameter and
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Tab. 10 Judgment matrix of each index under

performance index
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Tab. 11 Scoring of damping laying scheme

% BRREE RN T wEEME ATk 5%

1 0 1 0.12 1 0.33
2 0 0 0 0.72 0.12
3 0.33 1 0.37 0.37 0.44
4 0.67 1 0.72 0.12 0.63
5 1 1 1 0 0.83
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Tab. 12 Gear calculation parameters

Bl 1wt 41 & Btk 44
Z

1 2 1 2
Wi 29 141 31 141
FE%/ mm 4.5 4.5 8 8
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Fig. 4 Vertical exciting force of bearing
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Fig. 5 Layout of 5 typical measuring points

at the foot of the machine
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Fig. 6 Response diagram of vibration acceleration level

of foot at measuring point 1 in 5 schemes
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Tab. 13 Peak vibration acceleration at each measuring

point in each damping laying scheme

AL/ REJE 4b 35 %8/ dB
i
dB 1 2 3 4 5
1 117.27  116.77 117.46 117.24 115.64 114.59
2 120.79  119.86 119.55 120.05 118.92 119.73
3 124.34  123.41 123.62 123.04 121.71 121.39
4 118.75  118.81 118.31 119.00 119.09 118.25
5 121.06  120.52 120.76 120.52 120.48 120.08
XM 120.44 0 119.87 119.94 119.97 119.17 118.80
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