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1. INTRODUCTION

The past 10 years have seen an international
consensus reached that steps should be taken
to reduce the emissions of both ozone layer

depleters and “"green house” gases that are

implicated in global warming. All these CFC

and HCFC compounds possess an ozone depletion
potential(ODP) and a global warming potential
(GWP).

This paper is concerned with the challenge

presented to the refrigeration industry by

. "
the need to reduce or even eleminate the

enmissions of all compounds with a significant

ODP and/or GWP. In this standpoint, we must

develop higher efficency compressor for

refrigeration industry in order to satisfy a

growing world-wide demand.The study presented

in this paper was to utilize Taguchi method

to optimize design process of valve system

of compressor that would affect the energy

efficiency ratio (EER). Several parameters

that influenced refrigeration capacity were

investigated in order to determine the optim*
ization of design process of valve system.

The Signal-to-Noise (SN) ratio was used as

a performance index for each experimental

combination to analyze the data to determine
significant factor and the level at which the
improvement could be

achieved when design

parameters were changed or adjusted.
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2. THE ENGINEERED SYSTEM

2—1 . BASIC Function

The most effective basic function for the

defined as :

j [y = B (1)

definition of the basicl function is

compressor system is

Input Signgl ()

Out Response (y)
Above
considered by the engineer to be the most
correct interpretation of the system input/
output energy transfer. The direct measure-
ment of the planetary input/output energy
by the experimental apparatus in this test
is shown iﬂ Fig.l and the various type of
valve system (Fig.1, including suction and

discharge valve, head seat ) are assembled

into the whole system of compressor.

2—2_.CONTROL AND NOQOISE

FACTORS
There are a number of factors as illustrated
in Fig.2 which can affect the EER.
In Table 1, most important 8 factors based on

’

engineer ’'s experience have been chosen as

control factors for the experiment design. The
inner array contains all control factors, i.e.
those factors whose level c;n be set and main-
tained in the experiment. The L18 orthogonal

array arrangement which adopted in this study

is shown as belows. For the outer orthogonal

array, voltages are used as the signal factors



and N1,N2 are used as compounded noise factors
which were chosen to anticipate the effect of
manufacturing variability

and application conditions.

Inner Array

Factors Level 1 Level 2 Level 3
1. A 2.0 4.0 -
2. B 4.0 5.0 6.0
3. C 1.5 2.0 2.5
4. D 3.0 5.0 7.0
5. F 1.5 1.8 - 2.1
6. F 0.15 0.20 0.25
7. € 0.20 0.25 0.30
8. H 2.00 2.05 2.10

Outer array

Factors Level 1|Level 2|Level 3

1.Signal Factor| 210 V 220 V 230 V

2.Noise Factor Little Much

3.EXPERIMENTAL APPARATUS

AND MEASUREMENT

The experimental apparatus used in this test
is shown in Figl. Various type of valve systems
are assembled into test compressor and input/

output electric energies (EER) are measured by

calorimeter. As well as we measured temperature
and pressure of many interesting parts, we
recorded those data in recoder and oscillo-
scope. Also we measured discharge valve disp-
placement by using eddy-current type gap sensor
and then knew cylinder volume in result. Qur

experiment raw data is shown in Table 2.
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4. RESULTS AND DATA

ANALYSIS
The dynamic analysis of signal-to-noise
ratio ( SN ) is based on the following

equation :

The experimental and calculated datas are
listed in Table 3. Also the results of SN
calculation are listed in Table 3, Table 4
and shown in Fig.2. As shown in Fig.2, the
optimum condition which can provide higher

S was determined as following :

AZB3C1D1E3F1G1H2 for S

—=(3)

Sensitivity S is also shown in Fig.2. The
method of two step optimization is used
effectively in Taguchi method with SN

and S.

5. CONFIRMATION

The Table 5 shows results of confirmation

study based on the optimum condition dis-—

cussed previously. The process average
estimates are calculated by using general

form of equation as indicated below :

re == A_+ B_+——— +H
i _i i
—(K—1)T ~——(4)
where, A\ , etc = the factor level
:;erage response for level i
K = the number of main factor

-3
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grand average




As shown in Table 5, an improvement in SN about

3.6dB and in S about 0.28dB compared with non-

optimum current condition. Then it suggested

that L18 array experiment for signal-to-noise
( SN ) ratio and sensitivity S in this study is
based on a good approximationofthe validity and
small difference of SN is based on the wmistaken
determination of the combined noise condition.
The slope of

input to output energy for the

optimum condition is quite linear.

6. CONCLUSION

The dynamic analysis of S/N ratio in this
study to improve EER has proven to be very
effective. The

optimized condition can

improve EER during the developing process
without increasing noise and any other
investment.

If this method is used widely to design
valve systems of compressor for refrigera-—

tion and air-conditioning, output capacity

will be greatly increased for industry.
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Tablel Factor

Select

by Experience

FACTOR A B C D E F G H
LEVEL .

1 2.0 4.0 1.5 3.0 1.5 0.15 0.20 (2.00

2 4.0 5.0 2.0 5.0 1.8 0.20 0.25 {2.05

3 6.0 2.5 7.0 2.1 0.25 0.30 {2.10

Table, 2 Experiment Raw Data
N1 N2 N1 N2
NO NO
M1 M2 M3 M1 M2 M3 M1 M2 M3 M1 M2 K3

1(1] 9.84 9.93 10.06( 9.91 10.00 10.12 10 9.10 9.21 9.36] 9.16 9.26 9.40
0| 9.53 9.53 9.52} 9.41 9.40 9.45 8.13 8.14 8.12| 8.19 8.22 8.24
2{1{ 9.24 9.36 9.50| 9.32 9.41 5.55 11 9.34 9.46 9.07| 9.57 9.67 9.79
0| 8.54 8.55 8.58| 8.67 8.60 8.57 8.43 8.39 8.43} 8.58 8.60 8.56
311 8.50 8.65 8.81| 8.68 8.81 8.95 12 9.36 9.53 9.66| 9.45 9.55 9.68
0| 6.81 6.91 6.84| 7.23 7.22 7.20 0f 8.85 8.88 8.89| 8.96 8.97 9.02
41| 9.84 9.94 10.07| 9.85 9.94 10.06 13 9.51 9.67 9.75| 9.54 9.70 9.75
0f 9.39 8.39 9.39] 9.44 9.47 9.38 0| 8.81 9.39 8.93} 8.99 9.38 9.27
5(I| 9.63 9.73 9.86] 9.67 9.78 9.91} |14 9.04 9.15 9.28| 5.08 9.20 9.34
0] 9.23 9.24 9.27| 9.34 9.36 9.31 8.23 8.25 8.25( 8.39 8.40 8.37
6/I| 8.92 9.06 9.21| 9.05 9.09 9.28 15 9.50 9.61 9.75| 9.59 8.69 9.82
0! 7.91 8.04 7.99] 8.21 8.23 8.22 0| 8.82 8.80 8.80| 8.65 8.76 8.74
711} 9.11 9.22 9.35| 9.20 9.31 9.46 16 9.11 9.25 9.38| 9.17 9.27 9.41
0| 8.26 8.22 8.19| 8.47 8.45 8.45 0| 8.48 8.48 8.46] 8.51 8.43 8.48
8iI{ 8.93 9.01 9.19f 9.01 9.09 9.27 17 10.08 10.15 10.27(10.12 10.20 10.31
0f 7.92 7.92 7.94| 7.86 8.14 7.91 0 9.93 9.78 9.80} 9.89 9.90 9.90
¢|I| 9.93 10.03 10.15{10.09 10.18 10.29 18 9.29 9.41 9.55! 9.36 9.47 9.61
0| 9.67 9.73 9.70| 9.77 9.83 9.83 0f 8.59 8.66 8.70| 8.87 8.87 8.81
op 9.90 9.99 10.11} 5.92 10.01 10.13
0| 9.78 9.80 9.78} 9.83 9.83 9.86
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Table 3

Experiment Calculation Data

NO ST 7 L1 L2 S(g) S(Nx g ) Se V(N) Ve
1 538.60 284.2383 283.0117 538.5133 0.0468 0.0399 0.0173 0.0100
2 442.36 240.4152 243.6491 442.2934 0.0000 0.0666 0.0133 0.0167
3 297.06 177.9509 190.7844 296.9202 0.0831 0.0567 0.0280 0.0142
4 531.26 280.3670 281.4124 531.1992 0.0023 0.0585 0.0122 0.0146
5 518.16 270.3090 274.0774 518.1059 0.0028 0.0514 0.0108 0.0128
6 | 393.72 216.9660 225.3770 393.6335 0.0413 0.0452 0.0173 0.0113
7 417.38 227.6526 236.4717 417.2778 0.0314 0.0707 0.0204 0.0177
8 | 379.16 215.0272 218.1101 379.0596 0.0013 0.0991 0.0201 0.0248
9 570.95 282.0039 299.8127 570.9182 0.0016 0.0302 0.0064 0.0075
10 400.82 224.8585 228.5641 400.7720 0.0025 0.0455 0.0096 0.0114
11 433.44 234.5832 249.1428 433.2843 0.0512 0.1045 0.0311 0.0261
12 478.32 253.3647 257.6040 478.2727 0.0071 0.0402 0.0095 0.0100
13 500.58 261.7762 267.2944 500.3497 0.0368 0.1935 0.0461 0.0484
14 414.92 226.4191 231.6757 414.8480 0.0151 0.0569 0.0144 0.0142
15 460.66 254.1893 253.7735 460.5802 0.0403 0.0395 0.0160 0.0099
16 | 430.69 235.1103 235.9968 430.6206 0.0022 0.0672 0.0139 0.0168
17 584.20 300.0612 303.0571 584.1336 0.0006 0.0658 0.0133 0.0164
18 | 459.37 244.4362 251.6231 459.2835 0.0307 0.0558 0.0173 0.0139
opt.| 577.70 293.5794 295.7429 577.6600 0.0018 0.0382 0.0080 0.0095
NO 1 5 6 7 8 SN S beta
A B C D E F G H
1 1 1 1 1 1 1 1 1 17.16 -0.4516 0.94934
2 1 1 2 2 2 2 2 2 17.97 | -0.7840 | 0.91371
3 1 1 3 3 3 3 3 3 13.65 | -1.8817 | 0.80524
4 1 2 1 1 2 2 3 3 18.66 | -0.4863 | 0.94557
5 1 2 2 2 3 3 1 1 19.23 | -0.4299 | 0.95172
6 1 2 3 3 1 1 2 2 16.61 | -1.0135 | 0.88988
7 1 3 1 2 1 3 2 3 15.97 -0.9244 0.89906
8 1 3 2 3 2 1 3 1 15.81 -1.1586 0.87515
9 1 3 3 1 3 2 1 2 | 21.66 | -0.3123 | 0.96469
10 2 1 1 3 3 2 2 1 19.11 -1.0722 0.88388
11 2 1 2 1 1 3 3 2 14.11 -0.9568 | 0.89572
12 2 1 3 2 2 1 1 3 19.66 | —0.5745 0.93601
13 {2 2 1 2 3 1 3 2 12.88 | -0.4852 0.94571
14 2 2 2 3 1 2 1 3 17.56 -0.8615 0.90559
15 2 2 3 1 2 3 2 1 17.12 | -0.8506 | 0.90672
16 2 3 1 3 2 3 1 2 17.80 -0.7807 0.91406
17 2 3 2 1 3 1 2 3 18.49 -0.2779 0.96852
18 2 3 3 2 1 2 3 1 16.95 -0.6692 0.92586
optimum condition 20.79 | -0.1737 0.98021
Table 4 RESPONSE TABLE
SN RATIO
LEVEL A B [ D E F G H
1 17.41 16.94 16.93 17.87 16.39 16.77 18.84 17.56
2 17.07 17.01 17.19 17.11 17.84 18.85 17.54 16.84
3 - 17.78 17.61 16.76 17.50 16.31 15.35 17.33
Sensitivity
LEVEL A B ¢ D E F G H
1 -0.8269|-0.9535}~0.7001(-0.5559(-0.8128|-0.6602|~0.5684({-0.7720
2 -0.7254{-0.6878}-0.7448(-0.6445|-0.7725|-0.6976|~-0.8204}-0.7221
3 - -0.6872}-0.8836|-1.1280|-0.7432|-0.9707}-0.9396(-0.8344
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Discharge Valve Displacement

TDC/BDC

Eddy-Current
Type Gap Sensor

Test compressor

Frame Temp.

Motor Temp.

Cyliner Temp.
Shell Temp.

Qil Temp.

g Calorimeter
Suction Maf{ler

\\ P Calorimerer
Temp.

Shell Gas Temp. \—XA———————

Cylinder Press.
Amplifier Suction Press.
Discharge Press.
Discharge Gas Temp. l
— Hybrid Nicoler,
—_ Recorder Digial Srorage
e Oscilloscope

Fig.l Experimental Apparatus

and Valve Related Part
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Table 5 Confirmation Results

BASED ON Sensitivity Only

PREDICTED EXPERIMENT
CONDITION LEVEL OF FACTOR
7 N 7 S
OPTIMUM CONDITION A2 B3 C1 D1 E3 F1 G1 H2 19.80 |-0.0670| 20.79 §-0.1737
CURRENT CONDITION Al Bl C1 D1 E1 F1 G1 H1 17.85 §-0.3333| 17.16 [-0.4516
GAIN 1.95 0.2663 3.63 0.2779
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