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Calculation of natural characteristics and experimental

methods of the clamp-pipe system
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WU Wenxuan', SUN Wei!

(1. School of Mechanical Engineering and Automation,
Northeastern University, Shenyang 110819, China;
2. Key Laboratory of Vibration and Control of Aero-Propulsion System,
Ministry of Education, Northeastern University, Shenyang 110819, China)

Abstract: In view of the clamp-pipe system in aero-engine, the linear stiffness and angu-
lar stiffness of clamps with diameter of 8mm was obtained based on self-designed experimen-
tal rig. The clamp was discretized into several springs according to the experimental results,
and a dynamic model of the clamp-pipe system was proposed based on the finite element
method. The measured stiffness of clamps and the finite element model was verified by com-
paring with the measured and simulated natural frequencies and corresponding frequency re-
sponse functions. Furthermore, the effect of tightening torque on the natural frequencies of
the clamp-pipe system was studied. The results show that the natural frequencies of the pipe

increase with the tightening torque. For the clamps studied, the natural frequencies of the
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pipe gradually become stable value when the tightening torque is greater than 8 N « m.
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frequency response function

BN K SIS I R GE A R G A
58S Bl 28 58 A5 BT 45 1 5 A B 2 B2 A
b & Bull S (i b oty NG e 2 B
AR AR A U R R R R G KRR,
H1 9 30 5 1S i i 25 A sh AL AP R4S B R A — H 2 B2
i) & 8 BIL AT A 1 ) R o) B R R
EBARGME I 2E R T .

XF TR il ) AR B B 5 D7 T, O 5 RN R IR
AR R SR W AT T A BRIT A O L g it
Ui i S N -7 1 = 12 I N 1
JE T A RE . Gao ST TR IR 3RS K
BILAE 3% 1 il ) B8 o JEL 7 1y 5 3 S 43 L B 2
55 E4 R 45T . Ulanov #1 Bezborodov™® 3%
PRI ANSY'S Xof IR il (1 Wi B2 1 BHL e ik A7 2%
RAB IE B 2 AR5 B 4 i I B2 S PR JE . £
FEEN RS WA AR P R AR S Tk
TN T B S B U LAY T T SR
AKX B R GRS AR R AE . A E
AEEUNO ) 2 R A O B0 UE TR 4 B Ay
B Ve s 5 T AT 5 7 S 45 M E R A B R G
AELRMEAT I 2. XA A A R TR G R R
Ui [#] 7 1 BLAT — 5 W RE 1) 580 3 B 0T X B2 2R AR
R GURY 5 R il L B R AT T AR,

e R il 1Y 22 e 0 B, 47 B N TR il Y
LYRANEIA & BNV 2 H R AR PR
AR BT A IR oo il e iy O B AT T
WF5E . Treman'™ 3 5 5056 40 AT 1 MR 4 15X ) 4%
PR 2R 0 107 3 23 A 1) 52 o) o 3 30 45 R 5 1 AR 3 0R A
AWf . Qiu R A R ICIE RS TR i IR
PR TERE R & R R 45 R R Pl ) R
TIHE R, Wei 058 1560 R 50 05 1 I8
ESUEWIETSESOE: Si 32y MRSy E SR A RIS
A BRTT I AT T 43 BT . Nassar 5507008 1
P e R A 3 e 1) TR 0 A SR M v T i )
BE T 37 B S I R 15, Rao Al Weit '™ 2
TR TR B IR OC ROHESE L 1R B T IR AR
FAZh AT I H

IR Z R 24 BAT AN W) J7 1) ) 9856 0)
il A S TR AT R (RS O ) bR — AR
2 ) 3 5L Bl A M R S L Tl TR BT —
Vi JE 5 I AR UL 25 A R 2 o ) R 5 R T 2R

pipe; clamp; experimental testing; natural frequency;

VARGEWL S 2 3SR W A R R SU TR 2
5 9 B BF 5T 2 3 i fBE - i W RE 2 AT 05
AR T IR i 0 R 3y T P Y . B R
il T8 B R AR SCRESE TR - B R g IR
JUHERL S AT T AR G AT R 5 U 1 IR 3 2 LA
LA il i 2R 40 T A AR R T IR 2 SR 0 K
BERPEFT TEIE

1 FH-EBRAARTHEE

7 RS AE VR B0 A 1] 728 TR TG 228 Wl ey B AH e AR

JE >R Ml Timoshenko %% 70 ok % H 47 B9 1. 45

B TA RoTEE AL G I 1 s, B AR bR RO

Oxyzsxayaxpyp A B HEMWN .y I

W B BLFS » Oon ~ Oun O Oy 53 501 03 Ly J5 1) £
S W B2 B TT AL RS ) i we g SO

u =1lxa ya O O a5 vy Op Op]"
(D

5 ‘?iy*, v Y

Bl ZEsE

Fig.1 Beam element

2 8 R il E HE ) R R L S ST R i A AR Y
LAy 10 ) DL 208 58 B O 14 mm B S
W = O [ SE R BN 2 AR 2 SRS A 2 A £ NI
JRE 5 LW B2 2y 5 Ol K Cy 5 ) R MIEED F K,
(o J7 I FHEC WD o 5 22 18] B i B B O S i A9
S PR T R 5 A — AR A I B S 32 07 1w 00 W
m1/2,

K b 3R B EA Y R i S5 R BE 5B B A
BROT AR AL, 3 N7 Sl -8 B AR ST Y Bl g A R (LA
Y I AED WA 3 FroR . & B RORE K& LA 2 5000
<1,

R4 B RGN B S TR

mu + Cu +Ku = F, (2)
Kb m JRGE TR C RGBS K h
FGE I R o A0 355 4 AR W R D R il S S s



5

ST ARG R B R G R S e Uy ik 1031

NARG) SCAEAR F AN R it . REGHEM
W € R F Fiis A BH e R & » Bl C=am + K i o
B 2 T ML E AR K

P2y R 3 R

Fig. 2 Discrete model of clamp in the y direction
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Table 1 Material and geometric parameters of pipe
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Fig. 4 Experimental system of clamp stiffness
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Table 2 Clamp stiffness in different directions

K./ K,/ K./ Ko,/
10°(N/m) 10°(N/m) ((N e+ m)/rad) ((N+ m)/rad)

3.53 4.98 58. 84 27. 37
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Fig.5 Measured curves of clamp stiffness and

fitting stiffness
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Fig. 6 Schematic diagram of modal experiment
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Table 3 Comparison between measured and simulated

natural frequencies (L=7N * m)
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frequency response functions
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Fig. 8 Comparison between measured and simulated

mode shapes

4 IFENENZIN

FESE PR A 7= o L2 A SO R A s AE AL S
TR P N TR R R AT 7 5
OB (9 47 3 A I R/NFAE AN A AR 4T
R I [ A R B S 5 U AT
oo fEIRE AR A HE A B 37 B I HAE 2N - m
PATR S 8 s R 4 0 7 5 199 29 SRAE AN A2 Tl A 12
N« mPA BiREE E R0 5K DA 3075 AR % 1R i
BRARTE 2.4+ V12N« m 7 B3 T YA 35
4.1 FHENIESERIXIERIE

AE A il I BE s o 2o A L AR 3 K O R AR AR
AN B AR i IR AR A AS 23 B PR
5 2.2 AR F R i D I AE E X 2N e m
AIZN « m $7 ST /9 - Hi W2 28 A7 I 9F
X HAL$T 5K 0 R AT S5 TE B R S M E U E 2
RUWFE A,

R4 FRFTFENETFERE

Table 4 Clamp stiffness under different tightening torques

RN/ K, /100 K,/100 K, /(N K, /((N-

(N« m) (N/m) (N/m) m) /rad) m)/rad)
2 2.73 2.68 34.99 17.50
12 4. 74 5. 00 62.05 38.59
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Table 5 Interpolated clamp stiffness under different

tightening torques

RN/ K, /100 K,/100 K, /(N K, /((N-

(Nem) (N/m) (N/m) m) /rad) m)/rad)
2 2. 66 3. 06 38.43 17. 28
4 3. 06 3.52 43. 84 21.49
6 3.47 3.99 49. 25 25.71
8 3. 87 4.45 54.67 29.93
10 4. 27 4.92 60. 08 34.15

12 4. 67 5. 38 65. 49 38. 37
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Table 6 Clamp stiffness after optimization

¥ N/ K./10°  K,/10° K, /((N+ K;/((N-
(N *m) (N/m) (N/m) m) /rad) m) /rad)
7 4.79 6. 34 56. 35 40. 75
12 5.57 6.50 78.05 62.59
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Fig. 10 Measured frequency response functions under

different tightening torques
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