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THE THEQT ETICAT ANALYSIS AND TXPERTMENTAL TNVFSRTGATTON ON "PHT
NATURAL. FREQUENCTFS AND VIBRATION PATTERNS OF COMPRFSSOR RFITY VALVES

Wu Danqing, Cong Jingtong, fhiang Dianxun

Department of Chemistry & Chemical Engineering, Xi'an .Maotong Uni-
versity, Xi'an, The Peoplec's Republic of China

ABSTRACT

It is well known that the natural frequencies and vibration patt-
erns are neccssary for the computer simulation of compressor reed valve
» the analyses of flow, noise and stress in the valves, and the design
of backer plates. By the finite element method, this paper has analysed
the free vibration of suction and discharge reed valves, and presented
the vibration patterns and natureal freqencies for the first, second
and third orders nnder the following boundary conditions: the valve
plates are assumed with one end fixed and tle other free, or with one
end fixed and the other hinged. Through the acoustic activation to the
valves, the vibration patterns for the first snd second orders have
been photograghed by laser hologram. There exists a good agreement
between the theoretical and experimental results.

TNTRODUCTION

To analyse the dynamic characteristics of compressor Ilexible reed
valves, it is necessary to obtain the information about their natural
frequencies and vibration patterns at first. Therefore, the study con-
cerning these aspects is very important, and has becn holding the
attention of many experts all over the world.

Some essential data of natural frequencies and vibration patterns
/1/ were reported for ihe mathematical simulation of compressor reed
valves to predict if the valve plates quiver in operation, and are
disclosed and closed punctually, and to predict their interactions with
g2z pulsation. The knowledge should be mastered of the natural freque-
ncy of reed valves to indentify the peak of sound pressure spectrum.
Tf the vibration patterns are solved, the stress distribution of valve
plates will be known /2/, for the stress is directly relafive to
the dellection curves, and for the deformed shapes of valve plate are
very similar to the first order vibration pattern. The profile design
of backer plates greatly alffects the impact velocity and the service
life of reed valves /3/. The optimal design to the backer plates of
discharge valves should he that, the backer profile is identical to
the first order vibration pattern of reed valve plates from the root
end through the port centre, and is less curved than the prattern from
the port centre through the other end.

Becouse of the structure complexity of compressor reed valves and
different boundary conditions, it is very formidable to obtain their
vibration patterns through analytical and experimental methods. Sands
and salt crystals /4/, and hologram metihod /5/ were utilired in exper-
iments to picture the vibration pattern nodes. In this paper, the finite
element method and laser hologram with acoustic activation are applied
to the theoretical and experimental studies on the vibration patterns
and natural frequencies of reed valves.

THE FTINYTE ELEMENT ANALYSFS

With the demping negligible, the natural frequencies and the cor-
respondent vibration patterns can be determined by :

det([X] -w'[M]) = 0 (1)
(Ix]-w'M]) {d} = o (2)
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where, [K] total stiffness matrix
[M] total mass matrix
w mnatural cireular frequency to be determined

{d} vibration pattern vectors to be determined

The problem like this is named characteristic value problem in
Mathematics. There exist many solution methods and the correspondent
computer programmes, which are different only on the solution manners,
The method in this paper is characterized for adopting a series of
effective means to make rapid the convergence: tor matrix [Ml, a comnsi-
stent mass matrix was adopted, and the gquantities at the diagonal line
were amplified under the condition of constant total mass; and affter
the Cholesky's Decomposition to [MI, the problem of generalized eigen-
value was changed into a problem of standard characteristic value; acc-
ording to Givens-Householder's Method, a series of orthogomal transfor-
mation converted the mew matrix in the standard eigenvalue equation
into a triple diagonalmatrix; the OR method was applied to transform
the triple diagonalmatrix inte an upper triagular matrix, and all the
characteristic values were at the diagonal line. The drift coordinate
method was also utilired in the iterative process to shorten the time
of convergence.

In this paper, the finite element analyses are carried out te the
natural frequencies and vibration patterns of suction and discharge
reed valves with an air compressor typed 2y-0.6/7. The layout of finite
elements is shown in Fig. 1. Considering their symmeiry, half of the
suction valve plate and one fourth of the discharge are calculated,
and diviled #nto ten elements respectively. Eash of them is isoparame-
tric element with eight nodes, There are 53 nodes and 159 degrees of
freedom in the suction valve plate, and 45 nodes and 135 degrees of
freedom in the discharge valve plate.

There exist two kinds of boundary condition during the operation
of suction valve plate: the plate is assumed one end fixed and the other
free, or called the First Kind of Boundary Conditioen, if the plate is
in the process from the beginning of operation to the moment it barely
wraps the backer plate; and at the mement the valve plate wraps the
backer plate, it is assumed one end fixed and the other hinged with
point contact at node 1, or called the Second Kind of Boundary Condi-
tien. There exists only the fMirst Kind of Boundary Condition for the
discharge valve plate.

EXDFRTMENTAT, APDPARATUS

To obtain the precise natural patterns, thc laser hologram method
with acoustic activation was applied to measure the vibration paramet-—
ers of the tested reed valve plate, a very light and thin spring-steel
plate. Heconse the acoustic excitation does not contact the tested
plate, no additional mass will be brought out. Through the laser holo-
gram, the whole Aistribntion of vibration amplitude can be obtained
with the precision in the order of wavelenghth.

The experiment was conducted with laser helographic interferome-
ter on an apparatus with gas shockproof, as shown in Fig. 2. In Fig.2,
the units numdered from 1 to 8 are the laser device and lights system,
9 is the tested plate, 10 is the holographic negative, apnd from 11 to
16 arc the acoustic a¢tivation and vibration pick-up systems.

The tested plate 9 was installed firmly according to the two kinds
of boundary condition in operation respectively. The acoustic activator
13 siimulated the plate 9 to vibrate, and the vortex flow transducer
14 sensed the vibration parameters. In order to find the accurate res-
pnance frequency, an oscillograph was applied to moni tor the exciting
vibration and the actual vibration. And meanwhile the laser interlero-
meter photographed the testerd plate continuously. The halographic pile-
ture of vibration pattern at resomnance was treated to make clear th?
jnterferent streak causned by the interference of the tested plate with
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laser. According to the order of interfercent streak, we can determine
the vilration amplitude, for the amplitude transmissivity is directly
rroportional to the exposure.

CALCULATER AND FXT'FRIMENTAL RI'SULTS
In Tables 1 and 2, we present the theoretical data by finite ele-
ment method and the tested results concerning the natural frequencies

of suction and discharge reed valve nlates.

Table 1. The Theoretical and I'xperimental Results of the Natural
Frequencies for Sucticn Valve DPlate

Types of Boundary The Sources of] _ Natural Fremencies (Mr)
Condition Resul ts Ist order 2nd order | 3rd ord
The First Kind of Theoretical 24 .2 93,4 178.9
Boundary Condition Experimental 22.8 dri

The secand Kind of | Theoretical 93.4 128.2 3h2.2
Boundary Condition | tLxperimental 80.7 140.,0

Table 2. The Theoretical and Fxperimental Results of the Natural
Frequencies for Mscharge Valve Flate

T

Types of BDoundary The Sources Natural Frequencies (Hz)
Condition of Results lst order 2nd order 3rd order
The Tirst Kind of Theoretical 302.7 655.8 1261.,1
Boundary Condition Fxperimental 304,0
- . 1A

The computed results to the vibration patterns of suction valve
plate are shown in Fig. 3, where a, b and ¢ represent the vibration
ratterns for the first, second and third orders respectively under the
First Kind of BRoundary Condition, and b, d and e the vibration patterns
for the first, second and third orders respectively under the Second
Kind of Boundary Condition.

The experimental results of vibration patterns to suction valve
plate are shown in Fig, 4, where a and b represent the vibration patt-
erns Tor the first and second orders respectively under the First Kind
of Boundary Coedition, and b and ¢ the patterns under the Second Kind of
Boundary Condition.

In Fig., 5 are shown the theoretical and experimental results of
vibration patterns of discharge valve plale, where a, b and ¢ are the
theoretical results for the first, second and third orders, and d is the
holographic picture of the first order vibration pattern.

CONCILUSIONS

In this paper, we have descrbed theoretical and experimenial meth-—
ods, i.e., the finite element method and the laser hologram with acou-
stic activation, to analywe the natural frequencies and vibration patt-
erns of compressor reed valves. Through these methods, we have obtained
satisfactory results, and can supply the reliable and essential data
necessary to the dynamie analyses of reed valves., The requirement can
also be met only by the computer programme about finite element analy-
ses if no experimental means available.
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2. Suction Valve Tlate b. Discharge Valve Dlate
Fig.1 The Tayout of Finite Flements for Suction and Discharge
Valve Flates
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