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In the one year of technical assistance to the Institut za 

Mechanizaciju (IZM) and the company "27. Mart" AVL advised 

on 

- equipment for testing of interna~ combustion engines 

- test bed installation of engines 

- training of project area personnel in test bed routines (02e-

ration of engines, measurement of performance and other data, 

interpretation of results, assessment of engine wear, etc.) 

The test bed equipment currently av::i:ilable to IZM is still 

incomplete or too inaccurate for performing the required homo­

logation test3 of engine components. Therefore, it is recomme~­

ded to install in the future instrumentation for the measurement 

of 

- exhaust smoke 

- fuel consumption 

- exhaust gas temperature 

- oil and water temperature 

- oil consumption 

- vibration 

Besides this additional equipment the Institut za Mehanizaciju 

will also require further ct>~.1sultation in order to improve 

their knowledge in today's sophisticated measurement techniques 

and to train and advise the personnel in test bed work. 
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According to the contract between UNIDO and AVL executed on 

May 23, 1984, contract no. 33/81 the work in the project area 

was started already by end of Novewber 1983. The present report 

summarizes the work performed for Institut za Mehanizaciju 

(IZM), Novi Sad by AVL for the contract period from Novenber 

1983 to December 1984 in a chronological order. 'I'he content 

of the interim report as submitted to UNIDO on Sept. 24, 1984 

is repeated. 

1. Nov. 15, 1983: Visit of Mr. Albert Fussi to IZ~/Novi Sad 

The purpose of this visit was to advise on the installation 

of an engine test bed by use of existing equipment (Schenk 

W 230 dynamometer) and of the equipment which was delivered 

by AVL (high pressure indh.~ting system, HP 306/N and blow­

by measuring system, needle lift probe 424). 

Main topic of discussion was the installation of the 

lift probe and the quartz transducer of the high 

indicating system on the engine which will be used 

tests of piston and liners (4-cylinder swirl· ~hamber 

needle 

pressure 

for the 

diesel 

engine IMR M34/V, bore 91.4mm, stroke 127~m, 64 hp at 2600 

rpm). 

The installation of the quartz transducer 8 OP 500 ca in 

the main combustion chamber together with the adaptor 8ZP30 

is difficult because the cylind~rh~ad has to be machined for 

a sleeve through the water jacket. The feasibility of the 

installation of such a sleeve has to be studied i~ advance 

on a detail drawing of the cylinderhead. 

~owever, since drawings were not available, it was agreed 

that IZM would provide the required cylinderhead d~awings 

to AVL. Then, AVL would be in tne position to sketch the 

r.ecessary machining and advise on the installation of the 

sleeve. 
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In case that the manufacturing of a bore through the water­

jacket turns out to be impossible, the installation of a 

quartz transducer in the s\·~rl chamber should be considered. 

However, then a transducer of 8QP500 c will be required. 

The installation of the needle lift probe in the injector 

by use of a special adaptor piece was explained in detail. 

Furthgr items of discussion were the measurement techniques 

for intake air flow by rotary piston meters and 

by Pt 100 probes as supplied by AVL. It was 

temperature 

agreed that 

AVL will provide written information on these systems. 

Finally, the homologation tests for pistons, rings and liners 

manufactured by the Yugoslavian company "27. Mart" to be 

performed by IZM were discussed. The Yugoslavian company IMR 

(Industrija Motora Rakovica) as potential users of these 

components have already prepared directions for such tests. 

IZM handed over a copy of these directions (written in Ser­

bian). AVL ~s expected to comment. If necessary, AVL should 

provide information, how the procedure can be further impro­

ved. 

2. Analysis of homoloqation test procedure as established by 

IMR/IZM, including translation of manual 

The manual for the homologation test procedure had to be 

tra.nslated by AVL into German for further analtsis by AVL 

experts. In essence, AVL agreed with the homologat iora proce­

dure as desribed in the manu~l. However, se~eral recommenda-

tions were made by AVL and discussed on the occasion of 

visit of "project area" peisonnel to AVL on Dec. 2, 

( c f. i t em 3 ) • 

the 

1983 
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3. Dec. 2, 1983: Visit of •project Area" personnel. Mr. H. Licen 

(IZM), Mr- s. Radi~ic. Mr. B. Mirkic (~7. Mart) 

a) Discussion of homologation test procedure for piston 

and piston rings: The procedure as issued by !MR was dis­

cussed and in essence approved by AVL. However, AVL would 

recommend a very thorough check of piston ring dimensions 

and tangential forces before start of tests. For the 

control of ring shape sometimes a simple light-gap method 

is applied. For wear measurement a very sophisticated 

equipment is required, which in general is too expensive 

for test laboratories. Thr:refore, wear measuremr•ts are 

in most cases ~erformed by piston ring manufa~tureres. 

In this context, several publications were handed over 

to IZM such as: "Allgen.sine Abnahmebedingungen fur Kol­

benringe" (General acceptance specifications for piston 

rings), "~eue Methoden zur Bestimmung der Genauigkeit 

von Kolbenringen" (New methods for the determination 

of the accuracy of piston rings), "At:slegung von Kolben­

ringen" (Lay-out 0f piston rings). 

b) Test bed installation and test r0utine 

Various r..ethods of air flow measurement were disc··ssed. 

In any case it is recommendable to install a surge tank 

between the measurement equipment and the engine in order 

to avoid the influence of flow fluctuations on the measu-

rements. The most reliable measurements of intake 

flow can be performed by a rotary piston meter. As a 

visional device a Venturi or an orifice can be used. 

air 

pro­

It 

is also recommendable to operate the engine at constant 

intake temperature. This would require the use of an air 

cooler. 
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The coolant system of the engine sho~ld be operated 

a water softener in order to avoid deposits in the 

which would deteriorate the heat transfer. For the 

mination of the heat balance in the engine the water 

has to be measured by a water flow meter and the 

- 6 -

with 

system 

deter·­

flow 

inlet 

and outlet temperatures by resistance probes. Also (air) 

intake and exhaust temperatures have to be recorded. 

Measurement of cylinder pressure: 

Once again it was stressed by AVL that the measurement 

of cylinder pressure in the main combustion chamber is 

advantageous, since the force of the combustion P-xerted 

on the piston can be determined (indicated mean effective 

pres3ure = IMEP). The measurement in the swirl cha~ber 

should be used only provisionally. The cylinderhead dra­

wings by which it would have been possible to determine 

the possible position of a sleeve for the quartz transdu­

cer was not yet available. 

c) Comment on piston design as performed by "27. mart" 

factory 

For a small stationary single cylinder gasoline engine 

of 200 cc the factory "27. mart" has provided a newly 

designed piGton, which was presented to AVL for comment. 

AVL approved the general concept but recommended some 

minor design chang~s. 

4. Telephone consultation in the time frame January to June 

1984 

In this time frame various consultation subjects were treated 

by telephone conversations. Some of th~se conversations 

resulted also in writte~ statements 

letters were all written in German 

summarized below. 

(letter). Since these 

their content will be 
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a) Measurement of ignition energy 

A literature research was made and several pamphl~ts 

were submitted concerning the inductive me&suremeht of 

ignition current and capacitive measurement of ignition 

voltage. 

b) Assessment of performance of spark plugs 

The required ignition voltage i~ dependent on 

- distance of electrodes 

- electrode material 

- electrode shape 

- mixture conditions (charge ~otion) 

- temperature 

By this an assessment of performance of spark plugs is 

feasible (same order as above): 

- electrode burning-off 

- aging of electrode material 

- access of air-fuel mixture to electode gap 

- lean mixtures have higher ignition voltage required 

and hence increased electrode burning 

- The tem9erature of the spark-plug is dependent on the 

heat rating 

Most of the manufacturers apply empirical methods for the 

evaluation of spark plug performance, this means that 

spark plugs have to be tested under various conditions 

like cold start, full-load-rated speed, etc. Also with 

respect to this topic, a literature rese~~ch was made and 

several publications of spark-plug manufacturers were 

collected and submitted to IZM. 

c) As far as available AVL will submit drawings of pistons 

of gasoline engines currently uncer production 
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d) Consultation on computer software: 

AVL presents their own computer progr~ms and infor~s on 

p1Jgrams available on the market-

5. Consultation visit of Dr. R. Rankl (AVL) in "Project Area" 

on June 27, 1984 

The installation of the swirl cha~ber engine IMR M34/V, 

64 hp, 2600 rpm on the test bed at IZM/Novi Sac was comple­

ted. This engin~ will be equi~ped with pistons, piston ~ings 

and cylinder liners produced by the co~pany "27. Mart" for 

performing homologation tests. The visit of AVL personnel 

was intended for th~ check of the test bed set up, to con-

sult on test bed routine and to ~upervise the first test 

runs. 

The air-flow will be measured by an orifice and the fuel 

flow by a simple flow meter. Already installed were also 

the pressure probe for the measurement of transient pressure 

ia the ccmbustion ~hamber and a probe for the measurement 

of needle lift in the injector. 

For recording the most important performance characteristics 

the following measurement equipment is still missing: 

- smoke meter 

- t~ .rmo-couples for exhaust temperature m~asure~ent 

- probes for measurement of oil and water temperature. 

It was further recommended to measure the intake-manifold­

pressure in order to take account of the pressure loss cau­

sed by the orif icP. used for the air flow measurement and 

also the exhaust back pressure which could be rather high 

because of long exhaust sy~em, designed without plenum. 

•I 

f 
I 
I 
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The pressure drop over the orifice for the air flow measure­

ments ~hould be rat~er performed by a water gauge. The pres­

sure pick-up currently used is very sensitive and follows 

every pressure pulse so that a reliable reading of the mean 

value is impossible. 

The flow meter useG for the measurement of fuel flow seems 

to be rather inaccurate. AVL recommend the use of a si~ple 

Seppeler-meter. 

The needle lift probe used by IZM was delivered by AVL. It 

showed only weak signals. The reason for this defect could 

not be found. It was thPrefLre decided to check the probe by 

AVL. 

IZM will complete and revise tl1. test bed equipment as recom­

mended by AVL and start already the first test runs. It was 

decided that a staff merr.ber of IZn will visit AVL in the 

next fut~re for advice on the operation of the measurement 

equipment as used o~ engine test beds and information on the 

test routine. 

The next (thiru visit) of AVL personnel to the project area 

will be made when the first 50 ho~rs-test run of the homolo­

gation test will be completed. 

6. Consultation visit of Mr. B. Schukoff (AVL) 

Area• on ~ov. 19 and ?.O, 1984 (third and last 

in "Project 

visit) 

As agreed, this visit was payed after the 

test run of the IMR M 34/V engine equipped 

first 

with 

50-hours 

pistons, 

piston rings and cylinder linets man~factured by the "27. 

Mart" factory was completet (se~ point 5.) Although only 

one-day visits were forseen in the contract, the last visit 

to the project area was extended to two days because of the 

many items to be discussed. The additional time spent was 
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deducted from the co~fuit~ent of man-hours of home off ice 

services. 

IZM has performed the test runs according to the following 

test cycle: 

- 1 hour of f~ll load at the rated speed of 2400 rpm 

- 5 minutes of low idle at 900 rpm 

- this cycle is repeated 4 times 

- 10 minutes low idle 

- full-load curve over speed 

- measurement of lube-oil consamption. 

This scheme is repeated until 50 operation hours are accumulated. 

The ring pack consisted of 

1st groove: 2.4 mm keystor.e ring chrome plated 

2nd groove: 2.4 mm rectangular ring 

3rd groove: 3.1 mw. ring with scraper edge 

4th groove: 6.3 mm spring loaded oil ring 

5th groove: standard oil ring 

The blow-by at full load and rated speed was measured as 

0.83 percent of the intake air. At an engine speed of 1800 

rpm 1.5 percent and at 1000 rpm 1.3 percent were measured. 

These values are normal. 

For the visit the engine was already dismanteled and a comp­

lete visual inspection of all engine components with respect 

to wear was performed and commented by Mr. Sc1~ukof f. In 

essence the inspection of the pistons and liners as the 

me· t important parts for the homologation showed the follo­

wing results: 
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piston I 1 - piston (rod) alignment apparently not adequat~ 

- ring groove~ only slightly coked 

piston # 2 

- no bearing trac~ at en~s of cnrom~ plated key-

stone ring (abont 1.5 mm) because of chamfer 

all other piston rings in order 

- lower surface of piston crown nvt colored 

- cylinder liner in order 

piston alig~~ent fairly good 

- ring grooves only slightly coked 

- chrome plated ring does not bear at ring ends 

(as cyl. # l) 

- all other piston rings in order 

- cylinder liner in order 

piston # 3 - piston alignment not adeq~ate 

- ring grooves only slightly coked 

- all piston rings in order 

- cylinder liner in Qrder 

piston I 4 - piston alignment fairly good 

- rig grooves only slightly coked 

- all piston rings in order 

- cylinder liner in order 

It was proposed to meastire the gap between ring ends before 

the engine is assembled in order to obtain information on 

wear. 

7. Visit of Mr. H. Licen, Mr. M. Dozet and Mr. s. Radisi~ to 

Graz on Dec. 3, 1984 

This last visit was used to discuss further problems of 

instrumentation (test bed equipment) and measurement routine. 
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"ft· R~iisic st~ycd at ~~L fa~ - ~ays 

be~ tr~ining. All ~eccssdry cq~ip~cnt for test bed me~sur~-

g.JS-2·_' . .l.3 

esissiuns, ?ressures, ::i.ir f 10~1, etc. 

expl~ineJ an~ demonstrated. ~ ~es~:ipton of the test 

procej~re ~as hanJed over. 

cmtCLUSIO~I 

Tol.J.j', I?,:·: i.:; in the zmsitio:1 to P•.?rfor:::: testing of C!1gi:10.:;. 

However, t~ere is still so~e i ::iporL1nt 

irti.::::.;in;! c(:uip::ient con.3ists i:1 essence of 

the ~e::i.s~remcnt of 

exi1aust sr.1oke 

- fuel consu~ption 

exhaust gas tem?er3turc 

oil and water temperature 

oi 1 consur.ipt ion 

vibration 

Ho·.1ever, ~es ides the provision of measurement 

also recommenJs to conti:rn·~ t!w consultcltion of 

l n t l-11:? future. 

equipment i\.VL 

the Institute 

The prolJlcm is 

that engine testing, ~ork of engines or c~qinc 

comruncnts and fin~t.lly homolry;.1t10n of engine co;;1pon!.>nts rccpirc 

a ·1cry extensive experience, whic:1 c..:.in be pro·1L.1cd l)y .:1 con!-rnl­

tunt. 




