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SUM.'11ARY 

In the one year of technical assistance to the Institut za 

~echanizaci ju ( IZ:·:) and the co:r.pany "27. ~1art" AVL aa·,,ised 

on 

- equip~ent for testing of internal combustion ena1nes 

- test bed ir.stallation of engines 

- training of project area personnel in test bed routines (ope-

ration of engines, measurement of performance and other data, 

interpretation of results, asses~~unt of enqine wear, etc.) 

The test bed equipment currently available to IZM is still 

incorc,plete or too inaccurate for per for:ning the required homo­

loga t ior. tests of engine components. Therefore, it is recommen­

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 

BL.;ides this additional equipment the Institut za Mehanizaciju 

will also ~equire further consultation in order to improve 

their knowledge in today's sophisticated measurement techniques 

and to train and advise the personnel in test bed work. 

N._.,..~.,_.,_.,_....,.,_.,_.,_.,_.,_.,_.,__.__,.,_.,_.,_._.,_.,_.,_..i...,_.,_.,_.,_.,_.,_..:.,' ~------------------~'~'----~ 
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According to the co~1tract betv;een u:noo and AVL executeJ on 

::.:i.y 23, l'JG..;, contr<1ct no. 33/31 the work in tr.c project arc::i 

was started already by end of ~ovember l9d3. The present report 

su:c.:c.ar1zes tl:e '-'or'.\. perfor'.':':ed for Institut za ~chanizaciju 

(IZ~l), Novi Sad by AVL for the contract period from November 

1933 to Dece~ber 1~34 in a chronological order. ~he content 

of the interim report as sucmitted to U~IDO on Sept. 24, 1984 

is reneated. 

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

Tte r-urpose of this visit was to advise on the installation 

of an engine test bed by use of existing equipment (Sc~enk 

W 230 dynamometer) and of the equip~ent which was delivered 

by AVL (high pressure indic~ting system, HP 306/~ and blow­

~y measuring system, needle lift prohe 424). 

~ain topic of discussion was the installation of the needle 

lift probe and the quartz transducer of the high pressure 

indicating system on the engine which will be used for the 

tests of piston and liners (4-cylinder swirl-chamber diesel 

engine I~R M34/V, bore 91.4mm, stroke 127rnrn, 64 hp at 2600 

rpm). 

The installation of the quartz transducer 8 QP 500 ca in 

the main combustion chamber together with the adaptor 

is difficult because the cylinderhead has to be machined 

a sleeve through the water jacket. The feasibil~ty of 

8ZP30 

for 

the 

installation of such a sleeve has to be studied in advance 

on a detail drawing of the cylinderhead. 

llo·...iever, since drawings were not availcible, it was agreed 

that IZM would provide the required cylinderhead drawings 

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

necessary machining and ajvise on the 

sleeve. 

installation or the 

N 

N._._ __ _.. __ _._._. ____________________________ _.._._. __ _.._.._..,_ __ _.. ______________________ _.._..~ 
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In case that the manufacturing of a bore throuqh the water-

jac'.-:et turns out to i)e i!11EJoss i !.Jle, the installation o( a 

quartz transJuccr in the swirl chamber should be considered. 

Ho~cvcr, then a transJucer of SQPSOO c wil: be required. 

The installation of the needle lift probe ir. +-he injector 

by use of a special adaptor pi2ce was explained in detail. 

Further items of jiscuss1on were the measure~ent techniques 

for ir1take air flow by rotary piston meters and temperature 

by Pt 100 probes as supplied by AVL. It was agreed that 

AVL will provide written information on these systems. 

Finally, the homologation tests for pistons, rings and liners 

ma nu fact urej by the Yugoslav icm C0'7'1pany "27. t·iclrt" to be 

performed by IZ~ were discussed. 

(Industrija Motora Rakovica) as 

The Yugoslavian company I~R 

potential users of these 

components have already prepared directions for such tests. 

IZ~ handed over a copy of these directions (written in Ser­

bian). AVL is expected to comment. If necessary, AVL should 

proviue inforn,ation, how the pyocedure can be further iIT'rro­

ved. 

2. Analysis of homologation test procedure as established by 

IMR/IZM, including translation of manual 

The manua~ for the homologation 

translated by AVL into German for 

test procedure had 

further analysis 

to be 

by 

experts. In essence, AVL agreed with the ~omologation proce-

oure as desr ibed in the u;anual. !Jowevec, SE Ver al recommend a-

t ions were made by AVL a.id discussed on the occasio:1 of the 

visit of "project area" personnel to AVL on Dec. 2, 1983 

(cf. it em 3) . 

N._._._._._ __ ._ __ ._ ______________________________ ._._._ ____ ._,_.._,._,..-__ ,_. __________________ ~ 
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3. Dec. 2, 1983: Visit of "Project Area" personnel, Mr. H. Licen 

(IZM), Mr. S. Radi~i~, Mr. B. Mirki~ (27. Mart) 

a) Discussion of homologation test procedure for piston 
and piston rings: The procedure as issued by I~R was dis­

cussed and in essence approve~ by AV~. However, AVL wo~lJ 

recommend a very thorough check of piston ring dimensio~s 

and tangential forces before start of tests. For the 
control of ring shape so:neti~es a simple liqht-gap method 

is applied. For wear measurement a very sophisticated 

equipment is required, which in general is too expensive 

for test laboratories. Therefore, wear measurements are 

in ~ost cases perform~d by piston ring manufactureres. 

In this context, several publications were handed over 

to Iz:; such as: "i\llgemeine Abnah:nebeclingungen fli:r Kol-

benr-inge" (General acceptance specificcitions for piston 
rings), ":-Jeue :-iethoden zur Dest ir:1mung der Genauiglt;eit 
van Kolbenringen" (New methods for the determination 
of the acci_;:-acy of piston rings), "ll.uslequnq von Kolben­

ringer." (Lay-out of piston rings). 

h) ~est bed installation and test rou~ine 

Various methods of air tlow measurement were discussed. 

In 3ny 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-

remcnts. The most reliable measurements of intake air 
flow can be performed by a rotary piston meter. As a pro­

visional device a Venturi or an orifice ~an be used. It 

is also recommendable to operate the engine at constant 
intake temperature. This would require the use of an air 
cooler. 

N,._ ___________________________________________________________ .._ ____ ,..._,. __________________ __, 
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The coolant system of the engine shoulJ be operated wit~ 

a \•.;ate~ soften~r ir1 order to uvoid d2po~its 1n tr1e systc~: 

which would deteriorate the heat transfer. For the detcr­

;ninat ion of the heat balance in the enq1ne the water flo-,.,, 

the inlet 

Also ( 3 i r) 

has to be measured by a water flow meter and 

anc! outlet temneratu::-es by resist.:ince probes. 

intake and exhaust temperatures have to be recordc~d. 

Measur~ment of cylinder pressure: 

Once again it was stressed by AVL 

of cylinder pressure in the ;nai:1 

advantagEous, since the force of 

that the measurc~ent 

combustion ct~rnbcr is 

the combustion exerte3 

on the piston can be determined (indicated mean eff!'Cti·;e 

pressure = IMEP). The measurement in the swirl chamber 

should be used only ~'rovisionally. The cylindcrr.ead d::-a­

~ings 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) Co;n;ncnt on piston Jesign as performed by "27. 

factory 

mart" 

For a small stationary single cylinder gasoline 

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

engine 

newly 

designeJ piston, which was presented to AVL for comment. 

AVL approved the genefal concept but recommended some 

minor design changes. 

4. Telephone consultation in the time frame Jdnuary to June 

191J4 

In this time frume various consultation subjects were treated 

by telephorie convcrsat ions. So:nc of these C:)~1versat ions 

resulted also in written statements (letter). Since these 

letters were all written in German their content will be 

summarized below. 

~' .... ------------------------~~----~~----------------~----------------------------------~ 
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a) ~easurcment of ignition energy 

A literature research was rnaJe acJ several pamphlets 

were sub~itted concerning the inJuctive measurement of 

ignition c~rrent and capacitive me~sure~ent of ignit:o:-i 

voltc.ge. 

b: Assess~ent of performance of spark pluas 

The required ignition voltage is depenJent on 

- distance of electrodes 

- electrode material 

- electrode shap2 

- mixture conditions (charge ffiOtion) 

- temperature 

By this an assessment of performance of spark plugs is 

feasible (same order as above): 

- electrode burnin~-off 

- aging of electrode ma~e~1al 

- access of air-fuel mixture to electoae gap 

- lean mixtures have higher ignition voltage required 

and hence increased electrode burning 

- The temper~ture of the spark-plug is dependent 

heat rating 

on the 

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 research was maJe and 

several publications of spark-plug manufacturers were 

collected and suhmitteJ to i:~. 

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

of gasoline engines currently under productic1 

N 

"'----------------------------------------------------------------------------------------~ 
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d) Consultation on co~puter software: 

AVL presents th~ir o~n computer progr~ms and infor::.s on 

proqr~~s available on the market. 

5. Consultation visit of Dr. R. Rankl (AVL) 

on June 27, 1984 

in "Project Are2" 

The installation 0f the swirl chamber engine IMR ~34/V, 

6~ hp, 2600 rpm on the test bed at IZN/Nov~ Sad was cornple-

ted. Tni~ engine will be equipped with pisto~s. piston 

and cylinder liners produced by the co;npany "27. :·1art" 

rings 

for 

performing homologation tests. The visit of AVL personnel 

was intendeJ for the check of the test bed set up, to co;i-

sult on test bed routine and to supervise the first test 

runs. 

The air-flo~ 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 

in the combustion chamber and a probe for 

of ~eedle lift in the injector. 

the measurement 

For recording the w~st important performance characteristics 

the following measurement equipment is still missing: 

- smoke meter 

- thermo-couples for exhaust temperature measure~ent 

- probes for measurement of oil and water temperature. 

It was further recommended to measure th2 intake-manifold-

pressure in order to take account of the pressure loss cau-

sed by the orifice used for the air flow measurement and 

also the exhaust back pressure which could be ra+:her high 

because of long exhaust syteri, desiqncd without plenum. 

N 

"'--------------------------------------------------------------------·---------------------~ 
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':'he pressur-e drop over tLe orifice for the air 

ments shoul~ be rather perfor~ej by a water gauqe. The pres­

sure pic~-up currently used is very sensitive and follo~s 

every press~~e pul3e so that a reliable reading of the mean 

value is impassible. 

':'he flo·,_, meter use(~ for the measure;:nent o[ fuel flow sec~s 

to be rather inaccurate. AVL recommend the use of a simple 

Seppeler-:r.et er. 

The needle lift probe used by IZM was delivered 

showed only weak signals. The reason for this 

by :"\VL. It 

defect could 

not be founJ. It was therefore decided to check the probe by 

AVL. 

IZ~ will complete and revise the test bed equipment as recom­

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

decideJ ti'i.:tt a staff merr.bcr of IZ'i will visit AVL in the 

next future for advice on the operation of the measurement 

equipment CJ.::; used on engine test beds and inform.:it ion or, the 

test routine. 

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

will be made when the first 50 hours-test run of the homolo­

gat ion test will be completed. 

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

Area" on Nov. 19 and 20, 1984 (third and last 

in "Project 

visit) 

As agreed, this visit was payed after the first 50-hours 

test run of the IMR M 34/V engine equipped with pistons, 

piston rings and cylinder liners 

Mart" fc.1ctory was completet (see 

manufactured 

point 5.). 

hy the 

Although 

"27. 

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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deJuct~d fro~ the co:nrnit~ent of man-hours of home off ice 

services. 

IZ:·'. has perfor:::e,j the test runs ilCCorJir~a to the fol.101,•i:--.'.] 

test cycle: 

- 1 hour of full load at the rated speed of L400 rpm 

- 5 minutes of low idle at 900 rpm 

- this cycle is repeated 4 times 

- 10 minutes low idle 

- full-load curve over speed 

- rneusure~ent of lube-oil consumption. 

~his scheme is repeated until 50 operation hours are accumulated. 

The ring pack consisted of 

1st groove: 2.4 mm keystone ring chrome plated 

2nd groove: 2.4 mm rectangular ring 

3rd groove: 3. 1 mr.: ring with scraper edge 

4th groove: 6.3 mm spring loaded oil ring 

5th groove: standaru oil ring 

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

0.83 percent of the intake air. At an engine speed of 1300 

rpm 1.5 percent and at 1000 rpm 1.3 percent 

These values are normal. 

were measured. 

For the visit the engine was already dismanteled and a comp­

lete visual inspection of all engine compcnents with respect 

to wear was performed and commented by Mr. Schukoff. In 

essence the inspection of the pistons and liners as the 

most important parts for the homologation showed the 

wing results: 

fol lo-

N ... ------------------------·~------------------------------------------·----------------..~....I 
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piston 3 l - piston (rod) alignment apparently not adEqu~tc 

- ring grc:JVes only sli<]~tly coked 

- no be:iring tr.:i.ce at ends of ~'.1ror;ie plo.ted ~..;:ey-

ston2 rinq (about 1. 5 :c:rn) because of cha:rfcr 

- all other piston rings in order 

- lo~cr surface of piston crown not colored 

- cylinder liner in order 

piston :t 2 - piston align:T'.ent fJ.irly good 

- ring grooves only slightly coked 

- chrome plated ring does not bear at 

(as cyl. :/± 1) 

- 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 i~ order 

- cylinder liner in order 

pie.ton it 4 - piston alignment fairly good 

- rig grooves only slightly coked 

- all piston rings in order 

- cylinder liner in order 

It was proposed to measure 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. 

Graz on Dec. 3, 1984 

,.. . ' . . ., I 
Rad1sic to 

This List visit was used to discuss furth~r problems 0f 

inst rumont<:it ion ( tr~st bed equiriment) and measurement routine. 

"'._ ________________________________________________ ,_,, ________________________________ ~~~~"~ 
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1. Introduction 

The present instruction manual was prepared as a guide 

for the test-bed engineer. It should present the most 

important measurement techniques and explain, how the 

record2d data can be transiormed into figures of spe­

cific fuel consumption, mean effective pressures, 

efficiencies, etc., in order to assess the performance 

and fuel economy of different engines. 

"' c•'---------------------------------------------------------~~----------------~----......1 
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Gr a~ -;1ustri.:i 

basic units: 

s 

Dis to.nee m 

Fo:::-ce kp 

S~nce 1978, t~e I~~e~~~t~c~al 

has been introd~ccd ~ith the basic unit3: 

s 

:,Jass kg 

(SI 

P..s t'.!e tro.nsi tion :re'.':': t'.!e old system to t!1e ne· . .; hus 

been very slo~, it still 

systems arc used. 

s. I. Basic Units 

Distance 

Mass 

Time 

Current int~nsity 
Li<jht intensity 

M~lecular weight 

happ~ns frequently that both 

Ncir::e S·,,r::bol 

Meter m 

Kilogram kg 

Second s 

1'\mpr}rc l\ 

C.:::ndola cd 
~·1ol mol 
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Apart from these, a fe~ units are still used 

wh1cn do not correspond exactly with the S.I. systc~. 

They are the following: 

_I>ressure in bar 1 bar 105 (N/m2) 

Te;;iperature in oc t(°C) = T ( K) 273. 15 

Te:.iperaturc in OK T ( K) = t(°C) + 273.15 

_Speed in rpm n(rprn)= 60.n(revs. per sec.) 

- 3 

'"-------------------------------- - ·-- -· -------
• -' ···--~·- ........._ ....... ~.., J ..... 
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S0::2,_~ 
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Mass 

Fcrc:c 

Power 

Di:;:.c:.~cc 

Volu'."'.1e 

i\n':_: le 

~-~2 s s 

Density 

DULJ.tion 

Frec·.lenc\.• -- -

Fo::::-cc 

Pressure 

~cchanicJl Stress 

Energy, i·:ork 

Heat Capacity 

Torc:•.Jc 
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3. 

3. 1. 

- •'·,. :,~·...-. --- .... 

l\'i :·: i :ic Prcc·:--s s 

This is the process by which fuel and air arc ~ixcd. 
In the C3se of a gasoline engine, it takes place in the 

carburettor and intake manifold and in gasoline engi~cs 

with injection either in the intake manifold or in the 
co~bustion chamber. In a diesel engine, mixing takes 

place in the piston cavity or in a pre-cha~ber if any. 

Air Ratio ("Breathing Efficiency") 

For the total cor.~ustion of a given quantity of fuel, 

a minimum quantity of oxygen is required (O . ) . This is 
min 

contained in the air quantity (L . ) . Usually, how~vcr, 
min 

a di==erent qLantity of air will be introduced for 

co~hustion. This results in the Air Ratio: 

Air Ru.tic A v = L 
L . min 

The air ratio /\. v is of critical importance for the 

correct functioning of the combustion. 

The volume of fuel introduced into the cylinder 

needs a mininum amount of air (L . ) for its complete, 
v r.nn 

stoichiometric combustion. However, stoichiometric 

conditions do not usually exist in the cylinder. 

The combustion air ratio is 

A. v = 
L v 

L . v min 
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3. 2 

3 . 3 

stoichic~etric ~ixture 

tea r..1..:2:1 uir, · ... 1c2k r:ti:·:tc:-c 

For the co2b~stion of one kg of diesel fuel, a 

minimum quantity 

is necessary. 

of air L . of 14.6 kg per kg of fuel min 

- Gasoline engines run at ).. = O. 8 to 1. 2 
v 

- Diesel engines run at 7\ > 1. 3 
v 

Gas Exc'.ianae 

Gas exchange is the phase during which the burnt 

gases are expelled and the cylinder is filled with a 

Residual Gas Volume 

6 

Since the pis tan cannot expel the dead vol un1e 

(compression volume) completely, and, in the case of a 

two-stroke engine, the fresh charge cannot totally expel 

the burnt gases, thP.re always remains a certain proportion 

of left-over burnt-out gas in the cylinder. This is, of 

course undesirable. 

In a four-stroke engine, this can be reduced by 

having a big valve overlap, so that the exhaust gases 

can be expelled by the fresh charge while both valves 

are open. 
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In a t~o-strckc engine, it is i~~ortant to achieve 

charge is lost through the exhaust valve. 

3. 4 VoL1::-.•~tr-ic :O:f:iciencv /\_
1 

If an engine could be run slowly and without any 

losses, the air intake in each cylinder would be equal to 

the swept volume, i.e. the theoretical air volu~e rnth 
WO\.:ld be aspirated. However, in practice engines can 

be run neither slowly nor without any losse~, so a 

s::-:c:.ller vcl\.::7\e tha:; this is drci-.·m into the cylinder. 

W~en defining the theoretical volu~e, a distinction 

is also made between t!-ie vol urne expres::;cd in tcr;;-.s of the 

a:7'.l.::iien t conditions (mth 1 ) and the theoretical vclu::ce 

expressed in ter~s of the conditions prevailing in the 
' '-

1
-0 · " ld ( ) in .... a:.~ mani~o mth 2 . 

m == z 
m 

z = ---
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4. Performance, Pressure, Pressure Diagrams 

4 . 1 

~ .. ~· -. _, 

P. 
l 

p:: (!3hp) 

~)' 
• l 

and 

( i~iC'.'_.J) / '.') . e 

D . r (F!::::) 

dr.d D . r 

The 9o~cr prod~ction of an internal combustion 

engine can be described as the work of a piston moving 

(?:-:-.cp) 

up and down, the piston being propelled in its workin; 

stroke bv a constant mean indicated pressure (p. or i8cc) 
~ .. l .. 

and:prcducing indicated power (Pi or Ihp). In the prc=ess 

of transmission to the crankshaft and auxiliary systc:-:-s, 

frictio:-i losses (P or Fhp) occur and at the end of the r 
cranksh2ft, only the remaining effective Power (P or Bho) e . 
can be registered. 

Pi (or It-:ril P (or Bhp) + P (or Fhp) e r 

The mean ef~cctive oressure c (B~ec) is that - . e . 
proport 1-o n of 

me;:in friction 

pressure which 2roduces P (Bhp) anJ the 
e 

pressure, Pr (Fmcp) accounts for ?r (Fhp). 

P , (or imco) 
l . Pe (or Bmcp) + Pr (or Fmep) 

All these mean pressures are imaginary values but 

they are useful in comparing the performance of different 

engin2s. 

pi (imep) and especially pe (bmep) are a criterion 

for the utilisation o~ the cylinder volume during the 

working cycle. 

(From no~ en, only the Eurcpcun symLols will be used.' 
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P and o qive in~or~.J.tion on the ~ricticn losses r · r ~ 

co:-istunt.. The mean friction pressure o is then . r 

For ~~2=~~E~~~-~~:!~~~' the relation between po~er 
and the rcs~cctivc mean pressure can be expressed thus: 

- (kl-:) V {lit) (rev/min) (bar) 
Po't!er ::: H • n . pressure 

600 

As in the case o~ !2~E=~~E2~~-~~~~Q~~' ignition only 

occurs every other revolution, the po~er is halved, 

( k'·') Pc-·:er · " ::: 
V (lit) 

H . n (rev/min) 

1200 

(b2r) . pressure 

One of the three indeces e, i or r is to be inserted into 
this formula. 

Calculation of power according to the old technical system 

is effected thus: 

(kp/cm2 ) p(PS) VH 
(lit) (revs/min) 

Pe . n . = 2-Stroke 
450 

2 
p(PS) VH 

(lit) 
( :cevs/min) Pe 

(kp/cm ) 
= . . n 4-Stroke 

900 

.... ~ ..... -; ...... ..,. .... ,., ... ; ........ -
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P (PS) = e 

3.li (li:.) 

n SCOO (re~s/~i~) 

7 (bc:.ir) or 7.136 

3.7~. scoo. 7 
= 110 O:H) 

1200 

2 (kp/c::i ) 

3.77. 5000. 7.136 = 150 (PS) 
900 

Val~es of reference for mean effective pressure p : 
e 

Gas~line engines: 2-S t:rnke Pe 4 -
4-Stroke Pe = 7 

Diesel er.gi:-:es 2-S::roke Pe 4. 5 

Pe 8 -

4-Str-oke Pe = 5 -
Pe 10 

5.5 

10 

(bar) 

(bar) 

- 5. 5 (b2r) 

1 1 (b2r} 

8 (b2r) 

12 (bar) 

NA 

TC 

NA 

TC 

- 10 -

Pe = 1 6 - 20 (bar) highl;· TC 

In Figure 1 , the pressure diagra~s of each working cycle 

of a four-stroke engine are shown over the piston stroke 

in the form of a pV diagram and over crankangle in the 

for:71 of an indicator diagram. 
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The co~~rcssion riltio is dc~incd by ~c2ns of the 

v + v 
h c s·.-:e:pt volume 

- 1 1 -

co~prcssion vc:~~e 

Gasolir.e engines: = 7 - 10 upper lir:1i t set 

by knocking 

Diesel engines: E = 14 - 22 upper limit se~ by 

mechanfc~l stre~gth 

Us 1 Jal VG.l:..!t?.S for ianitio!l nr12ssurf: ----------------------------------

G.::solinc engines: Pz 35 - 55 (bar) 

Diesel engines: Pz 60 - 90 (bar) NA 

Pz = 75 - 140(bar) TC 

-. .,,. ....... v r - .. .,.~ · .• • ,,JI • 
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5. E~::~£c~cies 

Eff icicncy is calcclatcd as 

po·.·:er yield 
=-

effort 

However, in the case of an englne, there are many 

different ways of calculating thL efficiency. Th~ most 

important are the following: 

5. 1 Thermal Efficiencv (\fork Yield) 1. e 

~ e is the ratio of the energy which can be taken 

from the cra,kshaft to that which was put into the engine 

in the form of fuel, thus: 

work yield 

'[ e = 
energy in fuel supplied 

or, in rclatio~ to a unit of time: 

~e 
effective power P 

e 

energy in fuel per time unit 

3600 p (kW) 
B = amount of fuel ·-

~ e 
consumed in (...e = 

B(kg/h) 
H (kJ/kg) kg/h 

u 
H calorific value = u 

of 1 kg of fuel 
in kJ/kg 

OR 

3. 6 . 106 
b = amount of fuel 

42e 
e 

consumed in 
b (g /1-:l·Jh) 

H (kJ/kg) g /k\':h 
e u 
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E:·: :::-:--1:J le s: --------

OR 

5. 2 

B = 

II = u 

p =-
2 

b = e 

~ = 
u 

:: s. 3 (kc_:; 1!1) 

41899 ( }:J /kg) 

110 0:\·7) 

230 (g/k\·lh) 

41900 (kJ/kg) 

3GOO 110 = 0.37~ 
25.3 . 41899 

~e = 
3. 6 . = 0.37~ 
230 • 41900 

The mechanical efficiency is the quotient of the 

eEfective power P and the indicated power P .. e i 

p p 
e e 

''[,, = -- = m 
P. p p + l. e r 

P is the power which is lost through friction on r 
the way from the piston to the crankshaft and auxiliary 

systems (camshaft etc.). It is also possible to replace 

the power values P , P. and P by the mean pressures e i r 
Pe' pi and Pr in this equation. 
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6. 

6. 1 

T~1~ :ucls used in int.~:--:-:c:.l cc~:~u:;~.:on cnc;i:~cs o.r.:; 

!:.·.--~::--:::.:c:.:-1:2:;. (C H ) co~~::o:..::-:C.s a.1~~3t e:·:c::.:.:sivoly t.2~:i2~ n n 
frcm ~incrQl oil. 

(a) Gascli:-ie 

(b) Di•csel Oil 

(cl Alco'.iols 

(d) Gas Fu::>ls 

Calori=ic Value H 
u 

Mainly chain-like co~pounds with a low 

number of ators (under 8) and slow-to­

ignite, ring-shaped compounds. 

High numoer 6f carbon ators and easy 

igr,i ti on. 

These are slow to . . .. 
ign::.~e. The~/ are at 

present available in limited qua:-itities 

only (as are synthetic fuels) and are 

expensive. They are, however, beccring 

more important, especially in combi:-iation 

with conventional fuels. 

Mainly B~tane and Propane. For gasoline-

type engines with additional adaptations 

(mixinq valve) and =or diesel engines 

with jet ic:-iition. , ~ 

The calorific value H 
u defines the amount of heat 

released by the combustion of one kg of fuel. H is the u 
"lmver calorific value", which takes no account of the 

heat which could be w0n back through the condensation of 

the water vapour produced by combustion. The calorific 
value expressed in SI terms would be in J/kg or kJ/kg 

and in the Technical System kCal/kg. 
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6.2 

----------------------------------

G3.soli_ne 4 1 C1 "'' ~:J,'l:g or , ~ '--' 

Ec:::=ol ..;0390 . -,- / l ~ ,_... ,, 
J';.U I :. 'j 

Diesel oil 4-10CO k~/kg " 
Et'.-lyl-alcchol 263CO kJ/kg " 

10,COO }.:C::.l/kg 

9,G..;o kC::.l/kg 

10,SOO kCc.l/kr: 

6,4CO kC:ll/kg 

In the case of gas fuels, the quantity is expressed 
in sto.:lc-=:rd cubic 

·-

1 Nm
3 = 1m

3 
gas at 760 Torr and 20°c 

Mineral gas 

Liquid gas 

3 36,000 kJ/Nm or 

9 2 I 000 kJ /1-Jm 3 11 

8,600 kCJ.l/:,Jr.i. 3 

22,000 kCal/:~m 3 

The oct2ne value is a criterion for the resi.stancE· to 

knoc}:ing and the ignition delay of a gasoline engine fuel. 

Gasoline with an Octane value (Oz) of 90 has the sane 

resistance to k~ocking as a mixture of 90% Isa-Octane 

(C 8 H18 l a~d 10% n-Heptane (C 7H
16

). Isa-Octane with an Oz 

of 100 has a high resistance to knocking and n-Heptane 

is extremely inclined to knock. High Octane level means 

high resistance ~o knocking and long ignition delay. 

Octane levels: gasoline normal: 

super : 

86 to 88 

96 to 98 
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6.3 Kna~kina in a G2s~li~c En~ine 

Co~bustion correctly starts at the sparking plug3 and 

penetrates the entire ca~bustion chanber as a wall of ~ire. 

If ~he fuel has too little resistance to knocking, i.e. 

too readily ignitable, then a sudden conbustion occurs 

in places which the flame wall has not yet reached. 

Knocking causes a loud noise, reduces the po~er and 

increases mechanical stress on the engine. 

6,4 Ce~anc Level (Caz) 

is 
I 

The Cetane level is a criterion for ignitability in 

diesel oil. A high Cetane level means high ig~itability. 
Diesel oil with a Cetane level of 90 has the sa~e 

ignitability as a mixture of 90~ Cetane cc 1 rH~., Caz = 100) 
tJ .).., 

and 10?; o<, -~1ethylnaphthalin k
11

H
10 

Caz = 0). 

Com..~cnly used diesel oils have a Cetane level 
of about 55. 

'_ ...................... ; .... _. ,,;,i.;.. •• ~· 
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This h2s the sa~e effects as knocki~g in g2soline 

e~g~nes and occurs ~hen the diesel fuel is to~ slow to 

ignite (lo~ CaZ). Khcn ignition takes place, there is 

too ::-.c:ch fuel in t~te cylinder and this results in a 

diesel knee}:. 

High means high 

High Oz means low ignitability 

Fuels with a high Caz have a low Oz and vice versa. 

6.6 Fuel Consus~tion 

In orcer to ascertain the fuel cons~~ption of any 

given engine, a recording is made of the length of time 

(T8 ) or the number of revolutions (UTB) an engine needs 

to use up a certain mass of fuel (GK~) . GKW is the mass 

of fuel weighed on the fuel scales. 

(a) S::iec i: ic Fue 1 Con su:::ct ion b ( g /ki'lh) 
e 

be (g/ki-;h) indic3tes how much fuel (Gl:~W g) an engine 

needs in one hour to produce Power P (kW). e 

b /g/k\•Jh e = 

= 

GKW(g) 

p (kW) • t (h) 
e 

60 . Gi:l'i(g) 

p (kW) 
e T 

(min) 
. B 



c 

I 
I 
I 
I 
I 

I 

I 
I 
I 
1 

e.g. 

b 
e 

The 

fo::-

fer 

e.g. 

6Cl = 
D ( :-:\·:) 
! 

e 

Gr~~-; = 1 C'.J (g) 
p = e 1 30 (]-::·:) 

n = 2,800 (revs/min) 

UTB = 397 

60 . 100 . 2800 

180 . 397 

possible ceak values fer b are: 
e 

ges.soline engines: 270 ( g /kl·:h) 

diesel cn;ines: 200 (g/ki·:h) .. 

- 13 -

== 200 (g/?Sh) 

= 150 (g/PSh) 

B is the a~ount ci~ fuel car.su~ed in one hour. 

8 (kg/H) 

n 

B 

b (g/kWh) . p (kW) 
= e e 

1000 

GKW(g) 
0.06 . . n (revs/min) 

= 

= 100 (g) 

= 2,800 (revs/min) 

= 397 

0.06 . 100 . 2800 = = 
397 

42.3 (kg/h) 
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6.7 Fuel 

(Cl) 

_ 19 - I 

~his is the vclu~e of fuel rer inj2ct~on. 

I= 1 o:.;o . Gi~\·: 
~-~~-,-~~~~~~ s (g/cm3) . z . UTB 

e.g. GKl-1 - 100 (g) 

UTE = 297 

z = 6 z == no. of cylinders 
0.845 3 s specific gravity 3 = (g/cm ) == 

of fuel 

1000 . 100 3 = 49. 7 (rr.rn /stroke) 

0.345 . 6 . 397 

Diac:::-ams 

Partial load lines: Specific fuel consu~ntion b 
. e 

is measured at constant engine speed and varying 

loads (P ) . 
e See Figure 2 • The roints I to IV 

of Figure 2 can be inserted in the "fish-hook" 

diagram (Figure 3 ) • In the case of diesel 

engines, the full-load curve resulting from the 

use of a governor can also be inserted. The governor 

is intended to limit engine speed to avoid excessive 

soot formation caused by high /? values. Lines 

representing the same power can also be drawn in, 

see Figure 3 . 
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7 . Tc s t - S ~~ d 

The ef~ective po~cr P of an engine can be Deasurcd e 
on a test-bed by means of a dynamometcr, which indicates 

the torque generated by the engine. (See Figure 26) 

M . =F.l. n II 

30 

(kW) = 1.0472 . 10- 4 • F(NJ) • l(m) p • n 
(revs/min) 

e 

To obtain simpler formulae, one can choose the 

length of the lever arm 1
1 

as follows: 

(a) For measurements in kW (kW arm) 

(b) 

~· ...... '• "" "••_. """' !. ~~ .. ~ • .... fl J.._• I 

l == O.<J549 (m) .1 

P (kl':) = F (~J) • n (re'Is/r:iin) . 10-4 
e 

================================== 

e.g. F = 450 (N) 

n = 2800 (revs/min) 
p = 126 (kl.;) e 

For measurements in PS (PS-arm) 

p (PS) = 
e 

_1_ F (kp) 
75 • 

1 = 0.7162 (m) 

. 1 (m) n . II 

30 

P (PS) = F(kp) n(revs/min) • 
10

-3 

=~=======~========:=================== 

e.g. F = 60 (kp) 

n == 2800 (revs/min) 
P = 168 (PS) e 
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Since the power of an internal cc~bustian engine 

is inevitably dependent upon the a~bient pressure and 

- 21 

tc:~.;:;·:::r2 turc, resu~. ts obt2incd under any conditions arc~ 

always recalculated to correspond with st~ndard conditions. 

DIN 6270 gives the correction factors for power and 

fuel consu~ption which also take air hu~idity into account. 

These factors apply to natur~lly aspirated gasoline an~ 

die~el engines in current use and to engines with 

mechanical pressure chargers in which the power is 

li~itcd by the excess air ratio and the mechanical 

efficiency is 85%. 

Standard Conditions according to DIN 6270: 

Normal atmospheric pressure 

Air ter::pera+:.ure 

Relative air humidity 

736 Torr (979 mb) 

20°c 

f 60% 0 = 

These standard conditions are equivalent to the 

st<rndard condi tinns given by CD1AC: 

Normal atmospheric pressure b = 760 Torr 
0 

Air temperature t = 
0 

3o0 c 

Relative air humidity f o 
= 60% 

( 101 3 mb) 
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table 1. These correction factors have to be furt~er 
corrected according to table 2 in the case of a mechanical 

f' - . . e,._r:ici.ency of less than 856. 

The specific fuel consumption under real running 
co:-iditions is 

b e == . c\ ( g/ki-.'h) 

The correction factor can be taken frc~ the table in 
F igurE.. 4 • 

E:-:a;.,ple 1: 

Gh·en: Continuous power 125 kW at standard conditions, 

Engine with 0.75 mechanical efficiency. 

Recuired: Continuous power at an altitude of 1300 m with 

relative air humidity of 100% and temperature 
of 3o0 c. 

Solution: Correction fac~or from table 1 for 1300 m 

altitude, 100% humidity and 3o0 c = 0.81. 

Since table 1 applies to a mechanical efficiency of 0.85 

and the engine under consideration has a mecnanical 

efficiency of 0.75, the resulting value mvst be corrected 

further according to table 2, i.e. by 0.79. 

The continuous brake power at actual running conditions comes 
to 79% of 125 kW = 99 kW. 
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of 0.31 ~as t3ken frcm table 1. Taking the rncch3nic3l 

efficiency of 'Y/.,., !.\ 
0 

0.75 into account, the corrccticn 

factor for the brake effective po~er under actual running 

conditions according to the table in Figure 26 is = 1.05. 

Assuming that the engine has a fuel consumption of 

b = 180 g/?Sh at standard conditions, the fuel cons~~~tion 
eo 

at ~ct~al running conditions will be: 

b e 
260 • 1.05 273 g/k~·:h. 

In the case of vehicle engines, values are corrected to 

sea level and normal te~9erature (i.e. 760 Torr or 1013 bar 

a::;d 20°c) by DEl 70020. Vari.a tio::--.s in m2c!1anical 

efficiency and air humidity are not taken into account 

for motor vehicles since their influence on the final 

figure is negligiblefor engines of this size. 

N 

b 

t 

N 

e red 

e 

Exa:nple: 

Ne red 

= 
= 

= 

N 
e 

760 • 
b 

273 + t 

'273 + 20 

actual air pressure in Torr or mm Hg 

actual tcr:cperature in °c 
actual observed power 

N e 
t = 

110 (klV) 

35 (°C) 

b 7!0 (Torr) 

115.8 (k\·1) 
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pi.stc~ .. s, c:Jr:.ncct.i~g rods, cru.:ikslluft etc., a pis ton 

enqine produces vibro..tic:-is rh'llich hzt\re to be insulated 
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fro::i t'.1c surro,__;nding floor and wall sur'.: aces. This can 

be satisfi1ctorily done by mounting the engine on rubber 

mounts on a base which is in turn sprung-~ounted. It is 

important to achieve a good correlation bet~een the 

various weights and springs so that only smalJ. forces reach 

the actual building. 

7. 4 Test S'.°':'?'?ts 

In order to check a test mcasurernen~ it is essential 

to record certain conditions beforehand. Only then can 

coDparjsons be made between results. Important para~eters 

on the engine test-bed ~~e, for example, air temperature, 

air pressure, oil tern?crature, cooling water tempcratu~e. 

Engine specifications must also be recorded if they 

arc subject to alteration: static injection timing, 

injection line diameter, type of delivery pump, noz~le, 

pun1p equip111er1t, sparking plugs etc. 

hll this information has to be entered accurately into 

the measure~ent sheet so that comparisons can be made after 

numerous tests. An example of such a measurement sheet is 

shown in the attached illustrations. 
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Sec Figure 6 for a sa~~le test s~cet for a 

naturally aspir2tcd, air-cooicd diesel engine, 

and Figure 7 for a sa~olc test sheet for a 

naturally aspirated, water-cooled casolenc engine. 

Baro~eter ... air pressure in mb 

lR .•.••..... me2n ambient temperature measure~ 1 metre 

away from the engine surf ace 

t . 1 ••••••••• Oil te~pcraturc on 
01_ entry (e.g. into the 

oil cooler) in °c. 
Oil temperature on leaving (e.g. the 

oil cooler) in °c. 
p ...•........ Oil pressure 

0 

twe··········Water temperature before entry into 

th~ enc;-ine (0
c) 

twa········· .Water temperature after co~ing out o: the 

Engir1c (°C) 

tK Le ....... Cooling-air temperature, entry, 0 c 
tk La ....... Cooling-air temperature, exit, 0 c 
PL .......... Intake manifold depression in mbar 

tL .......... Air temperature, e.g. in intake manifold 

tA .......... Exhaust bulk temperature 

PA ...•.•... Exhaust back pressure in mbar 

F ••••..•.•• Load indication at dynamometer 

tmeB .•...... Measuring time for Seppeler consumption 

measurement 

n ......•... Engine speed in rpm 

P .......... Engine power (kW) calculated with formula e 
be ........•. Specific fuel consumption in g/kWh, 

calculated according to formula 

Pe .......... Brake mean effective pressure, calculated 

according to formula 

Pr .......... Mean friction pressure in bar, calculated 

according to formula 

.......... Fuel delivery per stro~e 3 in mm , 

calculated according to formula 

Further d~ta (consumptio~ per hour, blackness etc.) can be put 
into the ernntv snaccs. 
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Since there are usu~lly no tcch~ic3l difficulties 

in brinqing enough fuel into the cylinder, the po~er 

achieved depends mainly on the mass of air which can be 

introduced, i.e. from the Maxi~um possible volu~ctric 

cfficier1cy. To achie\•e an optimmn design of intake and. 

outlet systems, air and exhaust manifolds, valves, V<llve 

timing devices and supply lines, a great deal of design 

and testing work has to be done. 

An engine's aspirated air volume therefore has to be 

measured. On the basis of this value, the engine power, 

volumetric .+=~. . e_._ .._ iciency, fuel/air ratio and other parameters 

can be determined. 

The measurement of air through-flo~ is most si~ply 

effected with measurement nozzles or orifice plates built 

~nto sufficiently long, stabilizing sections of pipe 

(see Fisures 8a und 8b). 

Another way of measuring air-flow is by using an 

"air-box". This ·Jives good results prc\·ided the fitting 

instruc~ions are followed precisely. It consists of an 

air-contiainer of sufficient size connected to the air 

intake by means of a flexible tube and having a circular, 

sharp-edged orifice. The air enters the device through 

this orifice and the pressure drop across the measure~cnt 

aperture is measured with a manometer. The pressure drop 

should be less than 100 nun WS (10 mb) so that the effects 

of compressibility can be disregarded. 
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The influence on the volu~etric cff iciency of the enc:~c 

VL = Quzintity of air through-flm1 in litres/sec. 
D = Diameter of orifice in mm 

--
K = Through-flow coefficient of orifice 

ho = Pressure difference across or if ice in en 1·:s 
TL = Air ter.tperature in OK 

Po = Barometer pressure in kN/r.1 
2 

Determination of orifice or nozzle through-flow 

coefficient with the aid of a bell-jar: for this, a very 

even flow of air over a longish period of time is necessary. 

The setting up of this test is depicted in Figure 8c. 

Another possible method for measuring the quantity of 

air is the use of a rot~ry piston gas-meter. With this, the 

result is obtained directly, which has the advantage of a 

high degree of accuracy. Pressure losses are minimal. For 

use with an electronic integrator and flow-recorder, a 

mechanical drive is provided. It is also possible to build 

in a reaction-free pulse generator with analog or digital 

presentation of measured values. 
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v 
L 

= 

v 
~1CSS 

t 

v 
:.1c·ss 

t 

., 
(in m-' per :rin.) 

= mco.su~cd ~u2ntity of air 

= ti.~>? (min.) 

Figure 9 sho~s a diagram of a rot2ry piston 

go.s-meter. 

Exo.r;;ple: 

1. Calculation of the efficiency of an engine /\_ 1 
Four-stroke ensine n = 3200 rpm 

swept voluIT'.e VH = 4.2 litres 

Meo.sured with a rotary piston gas-meter: 

Measured voluwe V = 2 (m 3) mess 
Measured ti~~ tmess = 0.38 (mins.) 

E:f.'ficiency A 1 
asoirated air volu~e -
theor. asp.air volume v 

theor. 

V is the volume of air theoretically aspirated theor. 
by the engine without losses (VH . K . n) . 

Two-stroke engine: k = 1 

Four-stroke engine: k = 1/2 

(m
3/h)_ 1 

- 2 
1 . I . 3 m3 /lit . /h . VH it. 12 revs min • 10- • 60min 

Theor. 

-3 = 0. 5 . 4. 2 . 3 200 . 60 . 10 = 403.2 (m
3 /h) 

============ 

............... ~ -~ ··~~· ........ 4 

_j 
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mess 

3 
m 

v 
theor 

• 60!:1i:-i/h 

31 s. 8 
40:i.2 

2 . 50 
o.Jo 

0.783 

- 29 -

31 s. 8 

related to ~nt~ke 
conditions 

For thE calculation of the volumetric efficiency, 

the air volume must be measured in terms of the conditions 

in the intake manifold before the cylinder Cp
5

, TS). 

mL = . VL L 

Pm 
Pm = 1 . 01 3 (bar) = 1. 013 10 5 (i-J/m2 ) = L R T 
R 287 (J/kg K) m = 

T = 25 (OC) = 298.15 (OK) m 

1. 01 3 . 105 315.8 = 373.86 (kg/h) ~ = 
287 . 298.15 

3. ~g~!~~~§~~~-~~~~2 7l v 

b g/k'dh p kW 

Av rnL kg/h . 
BH 

e e = = L 
min . BH 1000g/kg 

L 
min = 14. 2 kg Luft per kg fuel 

p = 80 (kW) e 
BH 80 225 . 

1 8 (kg/h) = = 1000 
b = 225 ( g /kl·Jh) e 

A.v 
373.86 

1 . 4 6 = = 14. 2 . 18 
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TLe r.eusurc~cnt of rL1pic pressure ch::nges such L!S 

those in the co~busticn cnamner or injection system 

requires special pressure transducers. These must 

withstand high pressures and tenperaturcs but they must 

also be ca}L!ble of good resolution and have high frequency 

res~onse in crdcr to give sutisfactory measurements. 

SuitL1ble devices which fulfil these conditions are 

the quartz pressure tcansducer and the strain gauge 

trc:rnsducer. 

(a) The nuartz Pressure Transducer 

These function on the piezo-electric principle. When a 

force ?r pressure is brought to bear on a quartz cristal 

in the direction of the electrical axis, an electric 

charge is produced on the surfaces at right-angles to it 

(see Figures 10 and 11). 

AVL quartz transducers have a measurement range of up to 

500 bar, a resolution capacity of 0.0002 bar a frequency 

response of up to 160 kHz and a temperature range of up to 

24o0 c. By means of a water cooling system, however, high 

mean temperatures such as those in the combustion chamber 

can be measured satisfactorily. 
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(b) St~~i~-s~u~2 Pr~ssure Tr3n3~uc~rs ---------------------------------

o.nd c2n 

as they are to cool 0 (up to lOCO C mean g~s 

tcr:-:~·2!.-.J.tl.:r-2). The ~.c::::.s~__:.ring elc::--~ent cc:;.:;ists of a hol2.c~~·1 

steel cylinder on which a strain gauge strip is glued. 

AVL strain-gauge transducers can be used fer pressures 

up to 1200 bar and at temperatures of up to 1000°c. Tl:.ey 

have high rcsisto.nce to shock and mechanical stress. 

Application: combustion chamber pressures, injection line 

press·c:r·?s, etc. (Fig, 12) 

Lo~ pressures which change gradually can best be measured 

wit'.": bilro~.eters or U-tubcs (sec Fic;urc 13) in "~'· !1g 

(mercury) or r:i.:n \'iS (water). Alternati';e2-y, they can be 

r.~eu.sured v1i th pressure diaptrasm capsules if electric 

ou-:let vc;.l•;es CJ.Y'2 rccuired. Such pres3ures arc, for 

e:-:a'."'.'.plc: 

depression in the intake manifold 

air pressure 

exhaust back pressure. 

Conversio:1: 

rrun Hg 

9.81 - 10-S (bar) = 9.81 (N/m 2 ) 
-3 1 Torr= 1.333 . 10 (bar) 

The simplest device for measuring temperature is the 

ther:-nomcter. It is sufficient for the mcasurc~cnt of 

a~bicnt te~pcraturc, outlet tc~p0r2lurc and other 

lo~ tc~pcraturcs. 
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metals are the ~ollo~ing: 

Iron/Kcnstantan 

Nickel/Chrone-~ickel 

Pl2t~r.~~/Platin-2~odium 

c:.!..-e 

of 

The ncs:. co~~~c:-: ly used thc~:-:-.-:J-

0. 12 

0.03 

0.03 

Tc:-:-:~(:~2::urG 

- so to 

0 to 

0 to 

~:i..:;c:e 

+ 700 

+ 1200 

+ 1600 

oc 

En;i~e tc~~cratures o~ten me~3urcd with thcr~o-couples 
are ex~aust, oil, ccoling water, cylinder head, cylinder 
blocj( etc. Ra~idly ch~nging tem~eratures 

the co2bustion cha~ber cannot be measured 
such as those in 

by this method 
on account of the slow reaction of the thermo-couple. 

The dynamometer takes up the effective power P and 
e 

permits calculation of the power by showing the torque. 
(See Figure 4a an<l 4b). 
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u 

effccti~c po~er in ~~tt 

torque in '.'~:-:-i 

angle speed in -1 
s 
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Tl1e po·.·:cr c:1n be calculated in sir..:Jlcr units t:--,us: 

p (kt·:) 
e 

~1 . n . IT 
30000 n speed in rp:n 

The dyna~o~cter is mounted on gimbles and has a lever 

arm (length 1) which is connected to weighing scales or 

a 16ad cell which shows the force F. The trans~itted torque 
is then: 

m = F . 1 

The power is then: 

F 

1 

force in N 

length of lever arm in m. 

p '(}:\·:) 
e 

F.l.n.-"fl 

By selecting an appropriate lever ar~ le~gth for the 

calculation, it is possible to put together a for~ula 
which is easy to work with. For results in kW, for exa~ple: 

= 0.9549 (m) 

kW -4 
P = F • n . 10 
=~================== 

F in {N) 

n in revs. per min. 

Older devices arc designed to give results in PS, thus: 

p PS = 
e 

p PS 
e F • n • 
==================~= 

7~ . 1 lPS = 0. 7162 (m) 
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In c.::sc, 

Water is swirled in the brake housing and in this wa~ the 

eneFgy from the engine is absorbed. A rotor conveys the 

mea~urable torque via the water to the brake-stators. The 

energy given off by the engine is converted into heat and 

carried away by the water flowing through. Such dc':iccs 

may be made for working in one or both directions. 

(b) Eddy-Current Brake 

The braking effect is achieved by means of electric 

ind~ction processes and the generation of eddy currents 

which transform the mechanical work of the engine sh~ft 

into heat. This is then carried away fro~ the brake by 

cooling water. The regulation of brake-power is carried 

out by changing the energizing current. The b-ake effect 

may be for one or both directions of revolution according 

to the type of brake. 

(c) DC Motoring Set 

A separately-excited DC motoring set can be used either as 

a generator or as a motor. In this way, it is possible not 

only to brake but also to motor the ensine. The electric 

energy sup~lied when the machine is run as a qenerotor is 

converted into heat by means of resistors. This device 

Cdn be used dS motor dnd generdtor in both directions of 

revolution. 
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Bct~ecn the dyna~o~ctcr an~ the engine, an elastic 

joint shaft is put in which can equalize both axial 2nd 

angle displacements provided they are not too great. The 

elc:tstic joint sh.:ift shmm in Figure 15 is the one> us2:: 

with thE AVL Demonstrator I and has proved very 
sa t_is: uctory. 

The elastic parts are rubber elc~cnts 
with sufficient shock-absorbing ~ualities. 

The engine, coupling and dynamomet0r together form 
a buffered, vibrating assembly. 

It should not be r~n for 
long close to its natural frequency. 

If the differe:.t 
parts are not correctly matched, it can happen that the 

engine causes the system to vibrate excessively. The 

rubber ele~ents then absorb all the energy and if the 

engine speed does not rise past the critical point, the 

rubber cou~ling elecents can be destroyed by overheating. 

Since it may happen that the coupling gets 

damag~d, a protective housing is built round it to 
catch any flying parts. 
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T!1e Seppcler measures a certain vclu~e o~ ~uel (V
5

) 

used by the engine over a de~ined period of ti~c (T
8

J • 

The measuring container has a volumetrically precise 

capacity and is marked for the comrnenceme!1t and 

com~letion of the measurement period. 

In the narrow feed and drain tubes, the fuel level 

sinks very fast so that the beginning and ending of the 

measurement can be precisely determined. 

method is to register the measurement period with the aid 
of a stopwatch. However, this has the disadvantage that 

the accuracy of the test then depends on t~e person making 
the observations. 

A more accurate recording of measuring time can be made 

by using an electronic device to register beginning and 

ending of the measurement from the light variations in the 

tubes. Human error is then eliminated and the whole 

measurement can be effected automatically. 

The advantages of the Seppcler are its simple and 

inexpensive construction. It is not fragile and needs 

little maintenance. Its disadvantages are the limited 

accuracy given by volumetric medsurements, which are 

influenced by te~perature. 

(Sec Figure 16,17 ) 
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t 
r::css 

v s 
Fuel 3 
Bil 

Sc~~cler volu~c in cubic era 

Fuel de~sity in gr~ms per cubic era 

Fuel consum?tion in gr2ms per hour 
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b 
e Specific fuel consumption in gra~s per k~/h 

N 
e 

n 

i 

b 
e 

3.6 

. 3600 

6 . 

e.g. v
8 

g Fuel 

t mess 

BH 
3.6 

3600 = 

Volume injected per.working-stroke a!l.d 

cylinder in cubic mm. 

Engine power in kW 

Engine speed . -1 in min 

Number of strokes (2 or 4) 

VS . J Fuel 
.._ 
L. 

vs 
t 

mess 

Q . 0 

mess 

104 
n 

Fuel 
N . e 

vs 
t 
mess 

50 (cm3 ) 

i-/2 

0. 8 4 S ( g I cm 3 ) 

= 9. 4 (sec) 

50 . 0.845 
9. 4 = 

50 0.845 = 

16.18 

215.7 

N = 75 (k\·l) e 
n = 2800 (revs/min) 

4 Stroke 

(kg/h) 

( g /Y:.\·ih) b 
75 e 9. 4 . 

jJ 57 3 f;O!JOO . so = (rr,m ) 
2000 . ~.4 . 2 
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co~sc~ption, a fuel balance s~cu~d be used. Si..:ch a 

dc~ice is produced by the AVL (System 7CO, Sc:-ics 702) 

The fuel balance permits a sra~imctric measurement of 

fuel which is not influenced by the te~pcrature. 

Furthermore, the measuring process is completely 

dutcmatic and therefore not su2jec~ to human error. 

The fuel balance measures the time (T
8

) or the 

nurr.ber of engine revolutions (UTI3) required by the 

engine to use up a defined quantitiy cf fuel (GKW). 

b e = 

= 

measuremRnt period in minutes 

engine revolutions 

enc;ine speed in revs/r.1in 

effective power in kW 

specific fuel consumption in grams/k~h 

fuel consumption per hour (kg/h) 

60 • GKW 
N 

e 

0. 06 • GKW 

TB 

= 

= 

60 • GKH n 

Ne . UTB 

0.06 • GK\·1 • n 

UTB 

(see Fig. 18, 19) 
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e • CT G~::·: = 1 O:J g 

n = 23CO rc':s/:-::i ~ 

:'J = 75 :: 1·; e 

UTI3 = 9.;o 

b 60 . 100 2800 - 238.3 g/kl·!h = 
75 940 -e . 

EH 
0.0G 100 . 2soo· 

17. 9 kg/h = = 340 

Further details about the AVL Fuel Salance are to 

be found in the adverti~ing leaflet "AVL ".:'uel Balance 

System 700". 

The exha~st from diesel engines contains, among 

other things, soot. This is made up of carbon atoms which 

result fro~ faulty co~bustion. There are various ways of 

measuring the soot content in exhoust emissions. 

(a) The filtcr2aper method 

A certain volume of exhaust is sucked through a paper 

filter. The soot is trapped ty the filter and blackens 

the white paper. The more soot the exhaust contains, the 

darker the filter paper will be. The degree of blackness 

can be determined with a photoelect1ic measuring device 

and indicated on an electronic display. The AVL produces 

a soot meter of this kind which permits a totally automatic 

measurement of the soot content in exhaust 

The s ir:.tJlcs t vers io:-i uses a Bosch hand-pu..";lp for the suction 

of exhaust into the measurement device. 

I 
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(b) 

tier-:~ t\·:o "·,·:inC.c:· .. :s" u.rr; built into the lc:-:s~!:. of li::e 
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u.l.o:-:; ·.·:l:ich the e:·:hCli.:st is pl::-::::cd for soot meLlsure~~c:-.t. 

The exhaust absorbs more or less light according to the 

soot content. The degree of licht absorption is 
measured with a photocell. 

(c) Absorption Method (Hartridge) 

Here, a photocell is used to measure the difference 

between clean air and exhaust. This gives a result 

in Ii.::.rtridc:;e Soot Units (HSC'). 

.. 
The blow-by meter measures the quantity of gas 

which escapes from the combustion chamber via leaking 

piston rings out into the crankcase . The blow-by 
measurement is a good criterion for estimating the state 
o~ wear of an engine. Ic also indicates the degree of 
running-in of an engine and can give an early warning of 
engine damLlge. 

It is possible to set a limit on the permissible 

amount of blow-by so that the state of the engine can 
be automLltically monitored. The engine can then be 
withdrawn from service as soon as faults begin to 

appear and before the damage becomes too severe. 
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hzi\re extremely lo-d flow prcsst.:re loss (or;ly a fer,., r.1....'71 ;,;S) 
and a measurement re.::.gc of so to 250'.) l/min. 
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By the use of a stC.lbilizing contL.lincr, violcr~tly 

puls· '...ing gas esc2pes c.::in be mc2sured exo.ctly. 
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Graz-Austrra Zylindcrdruckvcrlauf 

cylinder pressure 

\ ;?l i \ ...,----. -(- --\---- . ~r-=rJL_1-' -
IL ar u.r. 

. ~-- .. '. _ ... 

~~J_ __ vQ. ___ I 

p P-V Diaqramm 

~ Cl: 

ANS~~UGEN 

. p IN D!KATOR DI AGPA/111 

180° 

UT 

I 
I 
I 
I 

I 
I 

360° 

\ / 
. __/ 
"---

Pz Zunddruck 

Pc Kompressionsdruck 

Pe r.iittlcrer Effektiv-
I druck 
~ p. mittlercr indizicr-i l 

tcr Druck 

Pr mittlcrer Rei bungs-
druck 

OT UT 

I 
LADUNGSWECHSEL 

j 

540° 
I 

720° °KW VE?.D1CHTEN VEnBRE!,.'.EN k.Js:;ros~EN ANS"'UGEN 
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Fi:;. 2 
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BRIEF DESCRIPTION 

AVL HIGH PRESSURE INDICATING EQUIPMENT 
HP 306 
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1/ 5 
BRIEF DESCRIPTION 

HIGH PRESSURE INDICATING EQUIPMENT 

The High Pressure Indicating Equipment permits examination of 

combustion and injection line pressure diagrams and, if suitably 

equipped, of nozzle needle and/or valve lift diagrams relating 

to internal combustion engines, with simultaneous indication of 
crank degree marks. 

The pressure diagram is an important aid for research and develop~ent 

work on internal combustion engines. It provides detailed information 

on the combustion process in the cylinder and permits separating the 

thermodynamic losses from losses due to friction. Valuable con­

clusions on physical stress of the individual engine parts and on 

noise generation during combustion may also be derived from the 

pressure diagram. In addition, evaluation of these diagrams provides 

valuable information on the qualita~ive combustion progress, the 

control of which represents a major part of the possible means far 
improvement on today's engines. 

Equipped with the necessary supplements, the High Pressure Indicating 

Equipment may also be used for simultaneous indication of the 

pressure response in the injection 1 ine of a diesel engine, as 1-1el 1 

as nozzle needle and/ or valve lift curves. (Inductive pick-up 
principle). 

Principle of operation 

AVL quartz pressure transducers (high pressure piezo-transducers) are 

used for pressure measurement purposes. Owing to their high natural 

frequency, high measuring accuracy and linearity these transducers 

are idealy suitable for measurement of dynamic pressures with high 
amplitude and high frequency. 

I 2 •••• 
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2/5 

The electrostatic charge derived from the iuartz oressure transcucers 

is converted into a voltage being in linear proportion to the 

pressure, by means of the charge amplifier 30598-AOZ (the charge 

amplifier may be considered as an impedance converter with sub­

sequent amplifier). The output of the charge amplifier is connected 

to the oscilloscope. For determination of the pressure scale on the 

oscilloscope a calibrating unit 3054-AOl is provided which generates 

exactly defined calibrating charges. 

Inductive displacement transducers in half bridge measuring circuit 

are used fo~ indicating nozzle needle and/or valve lift. The carrier 

amplifier 3075-AOZ generates a stabilized 100 kHz carrier frequency 

for supply of the displacement tra~sducer. This carrier is sub-

sequ •ntly modulated in the transducer by the measuring signal. 

After .mplification of the modulated carrier in the carrier amplifier 

th: 11ieasuring signal is filtered out (carrier supression). The 

output of the carrier amplifier is connected to the oscilloscope. 

Static calibration principle is used to calibrate the displacement 
indicating device. 

In addition to the pressure diagram, it is necessary to display 

crank angle marks. As the angular speed of the crank shaft is not 

uniform over 1 revolution, time proportional sweeping of the cathode 

ray would not guarantee a correct relationship between crank angle 

and scale divisions on the screen. The configuration AVL signal 

generator wheel 330 E, AVL electro-magnetic pulse pick-up 333 and 

the crank degree marking unit 3010-AOl permits the display of true 

crank angle marks independent of speed variations. The electro­

magnetic pulses generated by the pulse pick-up are fed to the con­

ditioning circuit of the crank degree mark unit, the output of which 

is connected to a charge amplifier via a switching device or, if 

available, to a free channel of the oscilloscope. 

I 3 ..... 
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A second pulse pick-up in ccnjunction with trigger unit 3012-AOl 

ensures speed synchronous triggering of the oscilloscope, in order 

to obtain a stationary pattern at any engine speed. 

The equipment is designed for mains supply 110 V, 220 V or 240 V, 

50 / 60 Hz. If no particular ~ains voltage is specified with 

order, standard equipment for 220 V/ 50 Hz will be supplied. 

The electronic modules are housed in a 3 height units bench 

cabinet, having the following dimensions: 

~Ii d th 483 mm 

Depth 310 mm 

Height: approx. 150 mm 

Some technical details of items not included in the general 

leaflets are outlined hereunder: 

a) Basic Equipment 

- 8 ZP 30 Adapter: 

will be supplied with a length of 152 mm 

b) Additional EquipmPnt (if provided) 

- 7 ZP 65 Injection Line Adapter: 

Thread: M 14 x 1.5 (standard, if not particularly specified 
with c~der) 

Adapters with other thread dimensions are available 

alternatively: M 18 x 1.5 (7 ZP 66) or M 12 x 1.5 

(7ZP67). 

I 4 .... 
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Inductive rlozzle Needle Lift Trzrnsducer: 

Inductive plunger type armature system in half bridge 

measuring circuit. 

Specifications: see data sheet AVL 423 or AVL 424, 

(please specify required type with order). 

If no type is specified with order, the standard AVL 

type 424 will be supplied. 

415 

Rer::a rk: 

Fitting the inductive nozzle needle lif~ transducer to the 

nozzle holder is not included in the prices. 

Inductive Valve Lift Transducer: 

Inductive plunger type armature system in half bridge 

measuring circuit. 

Sp€cifications: see data sheet AVL 425. 

Remark: 

Fitting the inductive valve lift transducer to the valve/ 

cylinder head is not included in the prices. 

Oscilloscope: 

Four channel 50 MHz-oscilloscope mounted in a J hiciht units 

19" bench cabinet, complete with multiplexer and time 

base and illuminated graticule. 

Camera: 

Special Polaroid camera with hinged mounting frame, suitable 

to fit a.m. oscilloscope. Supplied with 10 Polaroid films. 

I 5 .... 
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Graz-Austna HIGH PRESSURE IllDICATI ;;G EQU I PiiE~n 

Rer::ark to adapting of nozzle needle lift and 

valve lift trans~ucers 

51 5 

We would be pleased to quote for these services on receipt of 

the follo1·1ing information/ material: 

Nozzle Needle Lift: Detailed information (drawings or a sample 

nozzle holder) for the injection nozzle 

holder. 

Valve Lift: Detailed information (drawings or one sample 

cylinder head with valves) for cylinder head 

and valve guide. 

r.._ ____________________________________________________________________ ~ ______ _J 
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424 INDUCTIVE NOZZLE 
NEEDLE LIFT TRANSDUCER 

For measurement of nozzle needle lift in nozzle holders with spring located at the top. Suitable for operation in conjuntion 
with a suitable adapter and AV L Type 3075-A02 Carrier Amplifier. 

SPECIFICATION 

Principle 

Supply 

Inductance 

Sensitivity 

Max. Lift 

Linearity Error 

Permissible Temper-

inductive lift transducer 
half-bridge circuit 

max. 12Vpp at lOOkHz 
± lOkHz 
(supplied by 3075-A02 
Carrier Amplifier) 

2x140 ,uH 

approx. lV/0.1 mm lift at 
output of 3075·A02 
max. gain 

± lmm 

< 0.5% up to± 0.8mm lift 

ature at Connector: + aooc 

Weight of Core approx. 5. lg at 200mm length 

Connection 4-pin Bendix PTI H-8-4P 

Connection Cable E 1946-10 ( 10m long) 
E 1946 -S (special length) 

Direction of pen3trat1on into coil 
_ ~os. measurinq signal 

B 

424 1081JE 

. ·----·-~--·--~ ·- -·--

Transducer'--....... 
Housing 

With over flats 15 

M 14x1 

Nozzle Holder 

11 I 
I 14.2 -J ,-, 
' - -0-

I 
I 
I I I 
L ~ .J 
I 
J 
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INSTRUCTIONS ON MOUNTING AND ADJUSTING INDUCTIVE NOZZLE NEEDLE 
LIFT TRANSDUCERS AVL TYPE 423 AND 424 TO THE NOZZLE HOLDER 

The AVL type 423 and 424 nozzle needle lift transducers ore basically suitabel for mounting 
to nozzle holders with the spring located on top as shown in fig. 2. 
They are not suitabel for mounting to nozzle holders where the spring is located at the 
bottom (see fig. 1). 

Typical Nozzle 
Holder with bottom 
type pressure 
spring 

Fig. 1 

Typical Nozzle 
Holder with top 

type pressure 
spring 

Fig. 2 

The AVL 423 or.cl 424 nozzle needle lift transducers are mounted to the setting nut (5) of 
the nozzle holder by means of a suitable adapter (2). Depending on the design of nozzle 
holder this adapter must be equipped with a fuel return connector (9). 

In the interest of extended life time the instrumented nozzle holder should be used for the 
duration of the actual needle lift measurement only. 
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Fig. 3 

AVL 423 typical mounting example 
using adapter with fuel return 
connector 

8 

1. No.,;:;:!'=' needle lift transducer AVL 423 
la Nozzle needle lift transduce; AVL 424 
2. Adapter 

3. Extension rod with magnetic con'! 
4. Spindle 
5. Setting nut 
6. Pre~sure spring 
7. Gasket (nozzle holder) 
8. Gasket (Transducer) 
9. Fuel return connector (if necessary) 

10. Nozzle holder body 
11. Reduction sleeve (if necessary) 

2 

c 

~n 
Tii(j i 
"===='-'~.__, 

Fig. 4 W
' 

l'.J I 
' 
' 
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1a 
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AVL 424 typical mounting example 
using adapter without fuel return 
connector 
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The AVL Types 423 and 424 nozzle needle lift transducers differ in mounting thread and 
in dimensions of the core with extension rod. Due to its heavy duty design, the type 
424 transducer (mounting thread M14 x 1 and 2 mm core extension rod diameter) should 
be used wherever possible. The type 423 transducer features smaller dimension:; (mounting 
thread MlO x 0.75) and lower mass of core with extension rod (according to 1 mm dia­
meter) and is therefore suitable for smaller types of nozzle holders. 

Precise measurement of the nozzle needle lift is gLaranteed only when the following 
instructions are adhered to: 

The core with extension rod (3) must be mounted to the spindle (4) stable and vibrati..:in­
proof paying due regard to correct a xi a I a I ignment. The length of the extension rod 
should be carefully chosen so that the core positioned in the coi I is magnetic/electrically 
balanced. 

Composition of AVL Type 423 and 424 Nozzle Needle lift Transducers: 

The AVL Type 423 and 424 nozzle needle lift transducers consist of the fol lowing items 
(see Fig. 3 and 4). 

A) Transducer housing 

It c-:>ntains the transducer coil and the connector for the connection cable. 

B) Core 

It consists of an extension rod with excessive length fitted with the magnetic 
core. To avoid that the extension rod is cut on the wrong end the correct side 
of the rod (opposite to the magnetic. core) is flattened. 

Mounting the needle lift transducers AVL Type 423 or 424 to a suitable nozzle holder: 

1. 

2. 

Remove the upper spring cover until the spindle (4) that connects down to the 
nozzle needle is accessible. Remove spindle from nozzle holder. 

Machine spindle (4), as shown in fig. 5, using drills suitable for hard material. 

-~-~-
Fig. 5 

If the spindle is already equipped with a drilling bigger than 2-t-O. lmm 9' or 
1-t-0. l mm 9', a reduction sleeve (11) must be provided. This sleeve equipped 
with the drilling as shown in fig. 5, must be inserted centric and 
brazed into the spindle. 

3 



3. 

4. 

5. 

6. 

7. 

\ 

' 
' 8. 

If the setting nut (5) of the n0zzle holder is not equipped with a drilling 
sufficiently larse to allow free passage of the extension rod with magnetic 
core (3),it must be drilled accordingly. If a slot is provided for screwdriver­
operated adjustment of the opening pressure, this slot may have to be enlarged 
to permit easy adius'rment with the core fitted. 

Insert the setting nut (5) prepared in this manner into the nozzle holder with­
out pressure spring (6) to a position where approx. 8 - 10 mm thread protudes 
from the nczzle holder. 

Manufacturing a SL'11able adapter (2): 
Manufacture a suitable adapter t!iat matches the thread of the setting nut (5) 
of the no:cL:le holder on one side and has a M 10 x 0.75 thread on the other side 
for accomodati ng the AVL Type 423 transducer (or a M 14 x i thread for the Type 
424 transducer). Depending on the design of the nozzl~ holder this adapter may 
need to be equipped with a fuel return connector (9), see figs. 3 and 4. 

Screw the adapter (2) together with the gasket of the nozzle holder (7) onto the 
setting nut. 

Determine total !ength "L" 
of core a.-:cording to the fol lowing formula: 

AVL 423: 
h 

L = n -? + 4.5 
h 

AVL 424: L = n - 2 + 3 

L •••••••• Tota I I ength of ~ore 

r 
r 
r 
r 
r 
I 
I 
I 
I 
I 
I 

n •••••••• Length of core inside the nozzle holder and adapter. To determine this I 
me:isure insert the machined spindle (4) into the nozzle holder, 
screw the adapter (2) with gasket (7) into position, place gasket (8) 
onto adapter and measure the distance from the upper surface of the L 
gasket (8) to the base of the spindle drilling. 

h •••••••• Nozzle needle lift. This value is either listed in the specification for I 
the injection nozzle or must be measured at the nozzle. ~ 

3 / 4.5 ••• Length of the core from the mounting base to the end of the core (:n 
zero transition of discriminator), see fig. 3 and 4. 

Having determined hand n to an accuracy of 0.1 mm, the total length of core L may 
be determin'Ild by means of the above formula. Cut extension rod of core to length L 
at the flattened end. 

Brazing the core to the spindle 
lr.sert the extension rod of the core with the side that has been cut into the spindle 
which has been machined as outlined in point 2. 

The magnetic core is on the other end of the rod (see fig. 6). 

4 
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Spindle 

truly aligned 

-~ 1 

\ 
extension rod 

bra zed (si Iver braze) 

\ 
\ 

\ 

\ 
\ 

core 

Fig. 6 

Braze joint by means of silver braze. It is of particular importance that the axes of 
both parts are precisely aligned. 

This is best achieved on a lathe where the spindle is fixed in the chuck and the core 
in an aligned drill chuck. 

After completion of brazing and removal of the dri II chuck the brazing joint should 
be carefully cleaned and the correct aligning of the spindle with the core should be 
checked by switching on the lathe. 

9. After a final check of the length protuding from the spindle, the nozzle holder may 
be assembled, the opening pressure adjusted (setting - nut 5) and the nozzle needle 
lift transducer mounted. After the electric check (see following section) the system 
is ready for operation. 

10. Checking the transducer for correct mounting 
Having aligned the nozzle needle lift transducer in conjunction with the Carrier 
Amplifier AVL Type 3075-A02 (see operating instructions 3075-A02 Carier Ampli­
fier) the final check for correct mounting of the nozzle needle lift transducer may 
be carried out. 

Connect nozzlt: needle lift transducer to Carrier Amplifier and oscilloscope. 
Carefully maneuver transducer housing over the magnetic core and screw it 
on to the nozzle holder/ adapter. The electric signal on the screen wil I first 
go through a minimum and will then gradually approach zero point. The signal 
must not exceed the point (discriminator). 

Any n-.istakes in measurement or machining resulting in either the minimum not 
being reached or in the zero point being exceeded may be compensated by fitting 
a flatter or higher gasket instead of gasket (8). 

5 
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423 INDUCTIVE NOZZLE 
NEEDLE LIFT TRANSDUCER 

For measurement of nozzle needle lift in nozzle holders with spring located at the top. Suitable for operation in conju'ltion 
with a ;uitable adapter and AVL Type 3075-A02 Carrier Amplifier. 

SPECIFICATION 

Principle 

Supply 

Inductance 

inductive lift transducer 
half-bridge circuit 

max. 12Vpp at lOOkHz 
:i: lOkHz 
(supplied by 3075-A02 
Carrier .4mpl ifier) 

2x140,uH 

Sensitivity approx. 2V/0.1 mm lift at 
output of 3075·A02 
max. gain 

Max. Lift ± 1 mm 

Transducer 
Housing 

1 
.. 14.2 -I 

--0-

Linearity Error < 0.5% up to ± 0.8 mm lift 
With over flats 12 

Permissible Temper-
ature at Connector : + 8QOC 

.Weight of Core 

Connection 

Conr.2ction Cable 

approx. 0. 7 g at 110 mm length 

4-pin Bendix PTIH·8-4P 

E 1946-10 (10m long) 
E 1946-S (special length) 

Typic. Aua,"ter Housing with 
Return Fuel f,ipple 

Magnetic Core with Extension Rod-· 

Direction of r:;enetration into coil 
~ po>. measurinq siqnal 

c=r=·.·-

~ 
D 

Nozzle Holder -

6 

Dimensions in mrr, 

-l!l 

0 

x 
l'J 

E 
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424 INDUCTIVE NOZZLE 
NEEDLE LIFT TRANSDUC~R 

For measurement of nozzle needle lift in nozzle holders with spring located at the top. Suitable for operation in conjuntion 
with a suitable aoapter and AVL Type 3075-A02 Carrier Ar.iplifier. 

SPECIFICATION 

Principle 

Supply 

Inductance 

inductive lift transducer 
half.bridge circuit 

max. 12Vpp at lOOkHz 
±lOkHz 
(supplied by 3075-A02 
Carrier Amplifier) 

2x140 }JH 

Sensitivity approx. 1 V /0.1 mm lift at 
output of 3075·A02 
max. gain 

Max. Lift ± 1 mm 

Linearity Error < 0.5?o up to.!: O.Smm lift 

Permissible Temper-
ature at Connector : + BOOC 

Weight of Core 

Connection 

Connection Cable 

approx. 5.1 g at 200mm length 

4·pin Bendix PTIH·8-4P 

E 194G-10 (10m long) 
E 1946-S (special length) 

Direction ot penetration into coil 
~ pos. measuring signal 

~~~~i'l 

"'-----1.03~ 

7 

Transducer 
Housing 

M 14x7 

Typical Adapter Housing 
without Return Fuel Nipple 

Magnetic Core with Extension Rod 

Nozzle Holder 
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Dimensions in 1nm 
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