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Vibration Analysis and Optimization Design of Vane Compressor
Discharge Valve for Car Automotive Conditioner
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(1. College of Energy and Power Engineering, University of Shanghai for Science and Technology, Shanghai,
200093, China;2. College of Material Science and Engineering, University of Shanghai for Science and Technology,
Shanghai, 200093, China)

Abstract By analyzing the motion of vane compressors for automotive air conditioner we proposed a mathematical model for the vibration
of the discharge valve and determined its natural frequencies and mode shape in combination with the calculation using UG NX Nastran
software. We show that the refrigeration efficiency can be maxima when the valve sheet takes the optimized thickness of 0. 305 mm based
on the vibration analysis. At the same time, test results revealed that the discharge flow pulsation and system noise are effectively con-
trolled, and the both are lower than the upper limit of the “GMW Standard” of the U.S. General Motors Corporation. The study may be
significant to enhance the refrigeration efficiency of the system and reduce discharge flow pulsation and noise of vane compressors.

Keywords automotive air conditioner; vane compressor;discharge valve ;optimization design; modal analysis
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Fig. 1 Installation of the structure of the discharge valve
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Fig. 2 Material object of the discharge valve
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Fig. 3 Instantaneous displacement of the

discharge valve

TEAE—RUNBY RN CBE (o1 + Ary) , TEIAY
YEFITR , 1 7 2 T 1 Je i) BR A5 A i 2y, e ik s 1) 2. 7%
A7 3 AT 50, HOE AR

w(w,t) = flx) +f (%) (x —x) +

w,(x =x)T, (1) x> x (1)

u(x,t) = f(x) x<ux (2)

s o D IR DB e B S IR AR 7
REGEIROAT 3 F R w, (v - x) AR ARG
LR 05 n B EIRALREG T, (1) A5 u, (x - x,)
DCTC A4 B[] BRI /() Ry BRASE ARG 6 pRESCTE o) s 1Y)
{EL; ' (o) R THBRAS AR 56 36 bR R ) s A0

ARSI RN, I P R A G2 04 e A A
AR P w S RHJE A 5, B 1Y SR SR B I o T R
e T = () 3)

A w” (2 —w;,0) AR RELER T ILLFL R
B, ORI R BRI AR, 1 = bR /12, Hidh b Oy
WP G RE , h NI SRR 5 B Dy SRR 5 A D e AT
AR, A = bh 5 p AR FEHZERE s p(a,0) iR
(VAN P i

A p(a,t) =0, HAH RSN I (2B e
S ) N

4

o'u.” o u

EI

2 #

EI= o +pA até =0 (4)
FIHI o3 B AR, ALK gt o A
w' (x —x,,0) = u(x —x;)T,(1) (5)

X (4) BEAT SR A, IF AR 0 FLAc 1 15 3 I A
AR SR R

cosk(l — x;)chk(l —x;) =-1 (6)

FHEUE R R A AT 4 AR

k(1 -x;) =1.875,k, (1l —x,) =4.69%4

ky(l —x;) =7.855,k,(l —x;) =10.966

R RAGLEHR I B n B FEA A0 .

_ |EL.
w, = pA n (7>

5 n By EIRBLRECH :

w,(x —x;) = chk, (x —x;) - cosk,(«x
shk,(l - x;) — sink, (I - «x;)

chk, (1 - x;) + cosk,(l - «x;) %
Ushk, (x —x;) - sink, (x - x,)] (8)
FRRERA RS5O 2 (3) XA . AR P 4R

—x) -

BNk, Mg A AT

w' (x —x,t) = u,(x —x)T, (1) (9)
) UA(3) BEAT SR A, AR 4l T2 IR B pR 2K



$£35% F2H
2014 £4 B

REZEREMXEENHSE R BRSNS TR AL

Vol. 35, No. 2
April,, 2014

A IESZ M SR T IE PR, FR 25K A5 -
7wjn(t) = T'jn(tj>coswn(t _tj) +

Msinwn(t -1) +
! J'th(T)sinwn(t -t —7)dr (10)
w, )

n=J

X (8) A(10) FRA(9) , 15 FI I i R L8
IR AT TRl 4 52 % o 7, o i oz 2 SRR A (D),
M SRAT I A AR HE R 72 P 2% s i IR S A%

2 HES RS S

iz 1A BRITA 8/ UG NX Nastran , % HES 1
AT s 2 Y MR P E N Sandviki
TC2TMo2 A 440 MR BE p Ry 7872 kg/m*, #ipE A
i E H 206 GPa, #ERAFA LR 0.25, 445 2D PUiL
TE WA, R 4 ot 3k 421 A ARG IR SE PR TARIR
A, 0 SR o XS T R, A BR TR A G [
4 fiR .

4 HES R Mg E
Fig. 4 Grid diagram of discharge valve
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Fig.7 Schematic diagram of vane compressor exhaust

pulsations and noise test
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Fig. 8 Exhaust pressure pulsation test results
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