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1. Antecedents

In accordance with the mutual agreement, made In Yuhuan on 27. April, see 1.
Appendix of the Fourth Progress Report, the Yuhuan Compressor Factory
manufactured and matched the parts of 3+10+10 =23 pieces “0” series models
of QD 51, 57, and 66. The original number of samples, was 3 x 15 pcs., what
they couldn’t produce because of unknown reason.

The suction valve leafs for the models, was produced by Berva individually.

The suction muffler was produced and welded by Branson machines,
unfortunately there was not perfect welding, as it can be read in test and
acceptance protocol made in Yuhuan ( Appendix 2. ).

During the November visit in Yuhuan the Washing machines have been tried
and accepted by Yuhuan. The surveying lists, Appendix 2. of 4. Progress Report
made in April, 2000. has been changed, by the oil drying unit, which have been
planted, the aluminium press casting machine and the mould of plastic muffler
are underway to the factory.

The way of manufacturing of compressor parts was partly different from the
final technological prescriptions, because of lack of some auxiliary processing
material e.g. cutting compounds.



2. Production and tests of “0” samples in China

The compressor samples produced by SLDQ Yuhuan was assembled and tested
in the laboratory of Yuhuan factory between 13. and 24. November. The bottom
compressor shells had been made with suction pipe position, differently from the
original design of that. Consequently we had to change the position locally, by
experimental way opposite to the suction orifice of suction muffler, the original
hole of pipe has been soldered by silver soldering rod. The type of oil lubricant
filled in compressor: EMKARATE RL 22H product of ICI, the prescribed
quantity: 250 ccm, as it was told, but there was no oil test protocol.

In the preliminary time schedule of ‘0’ production and tests there was required
the measured and mated compressor parts, but the measuring protocols were
missing prior to assembly. The proceeding of activities happened basically in
accordance this schedule see enclosed as Appendix 1.We couldn’t compare the
surface qualities and the dimensions with the prescriptions. The exact
measurement protocols will be made by Berva, and the performance and noise
test comparisons as well in Hungary, because SLDQ promised to send the send
3x3 tested samples to Berva Rt. factory for request of Berva representative for
analysis and comparison. The protocol of ‘0’ production, test procedures, test
protocols for noise and calorimeter and precursory evaluations see enclosed in
Appendix 2. The summary of calorimeter and noise tests of Yuhuan ‘0’ series is
shown in Appendix 3. There are collected the assembled and tested 10
compressor samples, with the mean ( average ) values of results, the differences
from the contract values ( R12 performances ) in absolute values and in percents
too. The results of noise test are the same like it was measured in Berva
Acoustical Laboratory, but the cooling capacities an COP-s are smaller than we
measured in our factory. The differences are smaller than the allowable
tolerance in statement of these according to the standard EN 12900.The reasons
can be probably found in the machining, mating and settings, because there was
not the final technology used in the part production. The real reasons will be
found after the repeated test and analysis of the parts in Berva. The reasons must
be discovered for drawing a lesson, what kind of process must be paid particular
attention to, during the future mass production.



3. Preliminary “0” tests in Berva

There was also assembled corapressor samples in Berva, according to the new
design. The missing parts like suction valve leaf and suction muffler had been
produced individually. The shells we used more times and we prepare individual
mountable bottom and top shells, because of limited number of shell parts.

The tests has been made partly in mountable, partly in welded shells.

The calorimeter and noise test results please find in the summary table marked
as Appendix 4. The noise results are very similar to the tests in Yuhuan, but the
calorimeter test results are much better. The energy consumption (power input)
1s less than at the Yuhuan ‘0’ tests or almost similar, the difference is 2- 5 W,
but the refrigerating capacity show smaller, with 7- 13 W differences. There was
made more tests beyond the calorimeter and noise performances, but we want to
highlight only the start ability tests, as the most important beside the previous
parameters, and this was affected by the construction changes. The test was
executed in accordance with the MSZ 05 Hungarian standard, in cold condition
in refrigerant circle.

The condition is the following:

Winding temperature: 32 °C

Refrigerant: R134a

Suction pressure: 4.9 bar ( saturated pressure of +15 °C of refrigerant )
Discharge pressure: 4.9 bar ( saturated pressure of +15 °C of refrigerant )
Number of starts: 10 / compressor

Frequency: 50 Hzx

Required voltage, where every start is successful: 0.9 x U nominal = 198V
The start ability QD compressor models is much better than the standard
requirement.

The found lower voltage limit of models at the above parameters:

QD 51: 145V
QD 57: 150 v
QD 66: 150 v



4. Further improving construction proposals

4.1 Proposals for improvement of thermodynamic performances

a.) For increment of refrigerating capacity

The results of Yuhuan ‘0’ prcduction tests show that the refrigerating capacity
was found in principal smaller than the predicted, and the value of Berva tests.
The reason of the difference will be investigated after reception of the
mentioned samples in Berva, but we want to suggest for Yuhuan Compressor
Factory some possible modification for consideration or choice.

al.

a2.

a3.

a4.

as.

a6.

Please to consider the use of thinner suction valve leaf. The reduction
from 0.2mm to 0.18 or (.16 mm is advisable. The rate of reduction can be
decided after execution of accelerated life time ( 30 /2 or 27 /0.7 bar ) test
for both size.

Please to try to reduce the gap between the piston and cylinder from the
present reported 10- 12 u to at least 8- 10 u. In case of some advanced
compressor producer firm it is 4- 5 p only, but the surfaces and the shape
faults of piston and cylinder must be kept in smaller range.

The dead volume of cylinder must be kept below 0.1 mm , even if the
trials after the ‘0’ tests didn’t show improvement in cooling capacities.

For the diameters of discharge bore we propose a radical reduction,
because these reduced sizes of bores can be enough for the actual
refrigerant flow, besides the noise level will be further reduced therefore,
and there are large reserves in the staring ability, as we reported in
paragraph 3. The proposed sizes can be seen in drawing No.: B-Y-007-1
what is a part of Appendlix 5. besides other drawings.

We propose the use of straight suction valve leaf differently from the
mutual accepted drawing of bent suction valve leaf. Please find enclosed
in Appendix 5. , No.. B-Y 002. The bent type of valve leaf is
advantageous in case of bad starting properties of compressors, - what has
no significance see in paragraph 3.

The ‘0’ samples in Yuhuan and the samples in Berva was also
manufactured with straight suction valves.

Please to play also more attention to the deburring of valve leafs and sits.



b.) For increment of COP by decreasing of friction

bl.

b2.

b3.

Please to try to reduce the sliding surface roughness of crankshaft and the
bearings in the cylinder block, and in connecting rod.
The present prescription is Ra 0.4

Parallel with the roughness reduction the use of o1l with lower viscosity
can further decrease the friction and the power consumption.

Please to check the possibility of application of iron core made of better
quality, to decrease the motor losses.

4.2 Drawing modifications for more reliability

Beside the above mentioned proposed modifications there are two drawings
modified enclosed in the Appendix 5.

a.)

b.)

The fixing plate of suction muffler No.: B-Y 008/1 . The fixture of
muffler is more stable by application of this version. The ‘0’ samples was
assembled also with this version in Yuhuan, (produced and taken to
Yuhuan by Berva) and in Berva as well.

Suction muffler II. No.: B-Y-062/1

In accordance with the leakage test of PBT suction mufflers in Yuhuan,
see in Protocol of ‘0’ series ( Appendix 2. ) the ultrasonic welding of the
two parts off mufflers was not perfect, because there was found some
slight leakage in about one third of mufflers. The Muffler II. has been
equipped with supplementary rip on the surrounding outer edge, and the
plus material of that can fill the gaps during the ultrasound welding more
perfectly.

The rip size is shown on magnified detail “B” of before named drawing.
Although the function of muffler probably wasn’t seriously disturbed, this
modification is necessary for the construction.

The modification of muffler mould can not be made by Yuhuan factory,
hence they would like to ask UNIDO to help them by a Branson expert,
who could make this small modification in Yuhuan locally because it
needs pretty accuracy.



5. Summary

The ‘0’ series production and tests have been executed, although in reduced
number, than it was planned. The few number of samples and the non serial
featured machining could a little degraded the results. The introduction of the
entire new technology of production will be executed in the next year probably.
In spite of this fact, the introduced and up to now tried parts of technology, are
able to work properly, like the washing and the laboratory examinations and
equipment. The conversion technology delivered by Berva can function at the
other productions as well eg. at isobutane compressor production what the
Yuhuan factory want to introduce too, as second alternative of phase out of R 12
refrigerant. Unfortunately the troubles of purchase of machines, tools and
processing materials slowed down the introduction of complete new technology,
but the available parts of that scem properly operable and acceptable for the
factory. The trials of compressor performances have some uncertainty,
concerning the calorimeter tests i Yuhuan, seems slightly disagreeing with the
tests of Berva, what was exccuted on similar samples. The reasons of the
differences will be clarified after repeated test and analysis of the mentioned
samples in Berva. Besides the improving proposals ( paragraph 4. ) will also
generate further betterment in the questioned parameters.

The Berva Co. Ltd. is willing and ready to go on the co operation with the
Yuhuan factory in the future, even if this project will be finished.

Our factory is waiting and hope the earliest start of all-embracing mass
production with the adherent production technology.

Made in Berva Co. Ltd. Eger, December 06. 2000.

Feen 2-

Zoltan Batki |
Technical Director



Appendix. 1

UNIDO Contract No.: 98 / 162
Project No.. MP / CRP /97 / 202
Activity Code: 460D31

Preliminary time schedule of ,,0” series test activity in November 2000.Yuhuan China

Workdays
Item Activities Responsible Number of y
estimated days
necessary 1123 |]4|6|6;7[8|9 101112 |13|14(15[16 17|18 19|20 | 21
Supply of checked compressor parts,
1. according to the new drwgs. 3 x 15 pcs. SLDQ 0 e
6 washing machines get ready for METALLUX
2. operation SLDbQ S
Chemical test protocol of supplied water of
3. washing machines for filling SLba Y 4
Washing of parts of 3 x 15 compressors . ..-?-L.l?.Q. "w
4. ~ : * IVIE | ALLUA 1
BERVA
. sLbQ
5 Purity test o'f'group§ of compressor parts | METALLUX 3
(conditions prior to assembly) BERVA
Complete oil test protocol ( oil properties @
6. prior to the filling in compressors) SLDbQ 0
Assembly and operation check of 3 x 15 SLDQ
7. pCs. compressors) BERVA 2
Test and protocol of remaining moisture sLDQ
8. test in compressors (dew point tests) BERVA 2
9 Calorimeter test of 3 x 15 compressors sLDQ 5 T ITTT -
10. Noise test of 3 x 15 compressors e 5 S o o A
. . sLbQ
" Evaluation and prqtocol of calorimeter and | \METALLUX 5
noise tests BERVA
Launch of other agreed long run tests sLDQ
12. BERVA 4
Planned presence on site: METALLUX with 4 persons on 1 + 5 workdays
BERVA : 1 person Laszlo Kovacs 1 + 14 workdays
2106 Istvan Homoki 6+ 14 workdays
Janos Pusztai 6+ 14 workdays Made by: Janos Pusztai

in Eger, 2000. October 20.



Appendix 2.

Protocol of the "0" series production and test of UNIDO conversion
project MP/CPR/97/202
UNIDO ¥ # 3 H MP/CPR/97/202

“O” RABENAMRAEE X

Made: In official room of Yubuan County Refrigerator Compressor Factory
(SLDQ) in Yuhuan, China, on 24-th of November 2000
FhE KR, 2000.11.24

Person in charge of SLDQ: Mr. Li Shujin, Vice President

Mr. Yuan Wei, Dept. Director
EHRT) HsE AN FEHEEE, BlE#: B &4, K
Person in charge of Berva Co. Ltd.: Mr.Laszlo Kovacs, Lab Chief Eng.
Berva A&} 15t A\: Laszlo Kovacs 564, SEREFE
Subject: Production, test, and evaluation of "0"series of QD compressors,

Converted to R 134a refrigerant

E8: QD "O"RIUFEHLE A4 R134a THRMAEF . THRMPEAE

Introduction A

In accordance with the last agrezment dated in April 2000, SLDQ manufactured
and matched the components of QD compressors but only 23 pieces is complete
available in the following division:

% 2000 4 4 AHATERMEER, THRIT) Er-. RRET QD K4
Bl BRF 23 G TR, $HSHEWT:

QD 66 10 pcs.

QD57 10 pcs.

QD 51 3 pes.

The parts was produced acccrding to the new drawings, supplied and given to
SLDQ by Berva in April this year with mutual approval an signatures.

The preparation of new technology has not been fully presented and used,

because of the lack of most machines tools and auxiliary materials.

ERIL] #HESE 4 A Berva AR L7 EFS AT RIHELK, H
WY L. EXESEE. THMPRHR R AN HAL, HHPHEXHM
B AR TCVESS DL TH SEH

The situation of the machines and tools 1s almost the same like in April this year,
which was reported to UNIDO in the 4. Progress report, part 1., appendix 2. and

3

%R TRBHGRESAE 4 AR H/LEHR. FXRERTAZE 4
B ERI RS BB UNIDO! AACNULEIRE 4 B—msr. Kt
{2 #0 3, ' -



Consequently we could get information only about the construction of the new
compressors, and partly the performances. :

B, BRATUMU R B8 T %8 o 0BT Es 46 DL AY &5 0 0 B 40 4k R O T A1
Do

L Activities TEAHZF:

According to the Preliminary Time Schedule, what had been sent to SLDQ and
UNIDO by Berva in October this year, the assembly, the drying and round-
welding of compressors has being done since 13. November continuously for
tests. The tests began in the second part of this week.

RFEHEFNT BT44E 10 HHRRRLEEH T M UNIDO Bl [El&, 11 A
13 HRAK, S6)5SEMissm 7 sEmar i B vIAac. TR MRS TiE. ol

RIETHETS.

In accordance with the facilities and pledge of SLDQ laboratory personals,

3 pcs of compressors pro type (total 9) can be tested by calorimeter, but all of 23
pcs. (10+10+3) for noise, until the planned deadline of the above time

schedule. The capacity of calorimeter is only 2 pcs/ day, because the laboratory
spend 4 hours for one machine.

WHEES L] e sc = A BRI, SubHiE B H, HE#ataTi
RERG 34K 9E, BAETNRK 23 4 (10+1043) . H—&EHHANR
—GEFILFE 4 DI, B—RARMNK2 5.

The representative of Berva has a doubt, because of the low number of
calorimeter test, and propose to go on the tests on all of samples.

B2 #H R E AL AIEE T D, Berva XMHEHLIRASE R A KB E,
PR I B3R T 4R %S B A AR AT R .

Besides Berva asks SLDQ to send at least the tested minimum 3x3 compressor
samples to Berva factory in Hungary, because they want to execute both the
noise and calorimeter tests on them, as comparison.

HAh, Berva ZEREM L B EMRPIEEN, MRS ED 34 (3t 3X3
&) %1 Berva AF), B Berva FIHEAERL T ST A MEHTHINER, L
AT .

2. Evaluation 3145

The results of tests show, that the noise parameters meet the requirements of
UNIDO contract. The found noise levels ( in dBA) are generally lower, than the
target values of agreement.

MR RRY, RESHAFE UNIDO ERIMMEME. MRHKMES, 5§
SRMEAE, BEmIK.

The undertaken values in contract are the followmgs

SR ERREETT:
QD 51 40 dBA



QD 57 41 dBA

QD 66 41 dBA

The thermodynamic parameters show not an unmiform pictures.
WRH RN BE, AR, EFBK.

The efficiencies ( COP ) of QD 51 and QD56 is lower than the contract value,
and is a little higher at QD 66 models. The detailed values are indicated in
attached test reports.

QD 51 F1 QD57 #3 COP {H{L T HARE: QD 66 MNMEH T & RME. AR
B B AR s ‘ '

The undertaken values are 1 for QD 51, 57, and 66 equally.

EEE R QD 51, 57 F1 66 COP AR, X 1.

The refrigerating capacities are lower than the target values, although the values
are dispersed and the number of tested samples is few, for doubtless judgement
about this fact.

H5HEMMEML, #AERN. RRUBNEREERMEA—F, HEE
BRI E D, FIAE LGS EAS &I fFE— e 5.

The possible reasons can be found probably in the quality of parts (surfaces,
tolerances, shaping faults) and/ or maybe in the assembly, like to big dead
volumes or gap between the piston and cylinder and so on.

ERHHW EERARERENMTEREESR: THREAEH CGEKEE. 2
ZRFCRF R P/ H R, MRERENFESILRAZE
P |

The measuring protocols of ¢ach part have not been presented. The real reason
or reasons smaller refrigerating capacity can be investigated after the
disassembly of compressors and check of every parts of them.

TR LT ®RERA & LMK ICRE . REFRITHEN, 2080 TR
EAREAERE, ARAEHWERDMIRERR.

The Euronorm EN 12900 also allows - 10% tolerance in refrigerating capacity in
case refrigerator compressors like this.

BILEE N, 7EHI¥ B 241, Euronorm EN 12900 FRAE(RRMARAE)
FoVF-10%H 45 2 .

The detailed test protocols of noise and calorimeter is appended to this protocol.

7S K RS R RIS

3. Proposals of Berva for start of long time tests
Berva 4 8) X T HERHR R
a.) Blocked rotor test # 71 AK
-Duration #F£ERT[A]: 15 days K=~ -
-Concerning norm #5547 #E:
IEC 335 -2- 34 paragraph 19.1 38 19.1 B¢
( Berva handed over to SLDQ Berva AT 2L EH L))

3



b.) Accelerated life time test in R 134a refrigerant circle
7E R134a H¥ 7 [ 2% b 4T s 55 Ar il e
- Discharge pressure Hi<\ )% 77 30 bar
- Suction pressure "1 : 2 bar
- duration FF£LH [8]: 3000 heurs /M

or similar what SLDQ used to apply 8K H EH AR AR R S

¢. ) Purity test on 1 compressor

G LRI v B R
-Soluble residual A ¥ Z%)%: maximum %X 100 mg /one compressor . KAl
-Solid residual [ {4 Z% i : maximum % K 30 mg/one compressor . & [EHL

d.) Capillary tube test: B4l & 1A%
- duration Fr4E Y [8]: 2000 hours /)M

Remark: The result of purity and capillary tube test can be used as

BE:

information only.

s R R R R RS %,

The competent result can be got at the compressors after

sampling from the mass production, when every technological
facility and condition will be available.
HEEZEMHESTEN &R & RBRARETHEE, A
EXﬁlﬁ TIAR, 7 AEEE A RIS R .

4. Yuhuan's comments T3 L) BL

1)

2)

3)

The COP for QD51and QD57 is much lower compared to the requirement
of contract. Berva is responsible to do some modification to enhance this
efficiency.

H&FRERAEEL, QD 51 F1 QD57 () COP Hm{K. Ak, Berva H R
R Rt THE, LAJR®E COP1E.

As indicated in the attached test reports, the cooling capacities for all
three models (QD51, QDS57, QD66) are much lower compared to the
contracted values. Berva has the liability to carry out modification to
increase this performance of converted R134a compressors according to
the contract.

WRERM S Frac, QDS51, QD57 1 QD66 :A&vm#mmﬂ B
A&, Berva F X555 Rt #EHE LIRS T4 /51 R134a &
PRI BEHT S S RMEEK.

According to the test result done by Yuhuan under the guidance of
Berva's engineer, the samples of PBT mufflers supplied by Branson have



the faults of leakage, for which, the representative of Berva will inform

UNIDO and offer the modification resolution to urge the supplier of the
molds to do modification for quality mufflers.

R3E Berva 8 5 T EH L B 45 %, Branson $#24tf#) PBT iH
SR KA . Bk, Berva ¥4 UNIDO FHiRftot
R DLBUR AR R RV B O oC S0t TAE LA B30 ) 47 H A 1
Ao

5. Summary h 5%

The planned "0" series of R 134a comprcssors has been assembled though n

reduced number.

BWItH “O” &% R 134a t$8l, EREBRDOMERT, HITT REK,

The calorimeter and noise tests have been completed as above mentioned.

wn EETR, ST T ERH I AR

Unfortunately the complete conversion technology could not be tried thoroughly.

According to all of trials and tests, we have been made until now, Berva asks

SLDQ for acceptance of the converted construction and technology.

AEHR, BMEREARLIERUEF LS. R\ L E 25280
REFEMPIATEFOL, Berva N E)IRIE EH LT Wiz B i AR .

%Wu———: vZ?‘/yl/é’
Berva Co. Ltd. as supplier
Berva HIRAF], ARG HN 7

)

SLDQ as accept\)r and user
EROKFEEGEN, ARG HEZITMA P

Appendix P : Noise and Calorimeter Test Reports B2 7 5 2 # 1 X R &
(3 for QDS51, 3 for QDS7 and 4 for QD66
QD 51 A1 QD57 % 3. QD66 4 A)
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Summary and evaluation table of calorimeter and noise tests of ,,0”production samples,

tested in Yuhuan between 13. and 25. November 2000. december 1.

Appendix 3

QD 66 QD 57 QD 51
Item Qo Pm cor Noise Qo Pm cop Noise Qo Pm CcoP Noise
(W) (W) | (WW) | (dBA) | (W) (W) | (W/W)  (dBA) | (W) (W) [ (W/W) | (dBA)
1. 149.1 1394 1.07 39.2 128.4 130.2 0.99 372 111.0 1144 0.97 383
2. 150.2 1393 1.08 39.6 can’t start X X X 106.0 116.1 0.91 37.1
3. 146.8 1379 1.06 38.3 127.7 1303 0.98 38.0 106.9 1144 0.93 394
4% 142 2% 146 2% 0.07* 41 6% 1224 1224 092 R B
Mean i48.7 138.9 1.07 39.0 126.2 1313 0.96 38.0 108.0 i15.0 0.94 38.3
R12 155 1.00 41 135 1 41 115 1 40
Diff -6.3 +0.07 -2 -8.8 -0.04 -3 -7.0 -0.06 -1.7
Diff % -4.1% +7% -6.5% -4% -6.1% -6%

Test condition: -23.3/ 54.4/32.2/32.2/32.2°C

Qo.:
Pm:

COP:
*® .

X:

Refrigerating capacity
Electric power input

Coefficient of performances
High power consumption, because of high friction (assembly fault ) — not able for evaluation
Faulty assembly, no data for evaluation




Summary and evaluation of calorimeter and noise tests of ultimate QD samples, (3x3) made

according to agreed drawings (April), tested in Berva in July 2000.

Appendix 4

QD 66 QD 57 QD 51
Item Qo Pm cor Noise Qo Pm COP Noise Qo Pm cop Noise
(W) (W) | (W/W) | (dBA) | (W) (W) [ (W/W) | (dBA) | (W) (W) [ (W/W) | (dBA)
158.1 143.8 1.10 394 143.7 125.8 1.14 392 119.9 112.0 1.07 37.6
159.1 140.1 1.14 39.6 144.1 127.3 1.13 39.0 113.9 115.2 0.99 384
151.4 137.6 1.10 38.3 132.0 1243 1.06 379 112.8 113.1 1.00 39.0
Mean i56.2 i46.5 i.iil 35.1 i35.5 i25.8 i.i0 33.7 iis.5 ii3.4 1.02 38.3
R12 155 1.00 41 135 1 41 115 1 40
Diff +1.2 +0.11 -1.9 +4.9 +0.10 23 +0.5 +0.02 -1.7
Diff % | +0.8 % +11% +3.6% +10% +0.4% +2%
Test condition: -23.3/ 54.4/32.2/32.2/322°C  ( Ashrae)

Qo.:
Pm:

Refrigerating capacity
Electric power input

COP: Coefficient of performances




Appendix § 4 drawings

Valve plate B-Y-007-1 (size:A3)
Suction valve leaf B-Y 002 (size:A3)
Fixing plate B-Y 008/1 (size:A4)

Suction muffler II. B-Y-062/1 (size:A3)
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