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SUMMARY

In the one year of technical assistance to the Institut =za

Mechanizaciju (IZ¥) and the company "27. Mart" AVL advise

on

- equiprent for testing of internal comhustion engines

- test bed installation of engines

- training of project area personnel in test bed routines (ope-
ration of engines, measurement of performance and other data,

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

The test bed equipment currently available to IZM 1is still
inconplete or too inaccurate for performing the reguired homo-
logation tests of engine components. Therefore, it 1s recommen-
ded to install in the future instrumentation for the measurement
of

- exhaust smoke

- fuel consumption

- exhaust gas temperature

- o0il and water temperature

- 01l consumption

- vibration

Besides this additional equipment the Institut za Mehanizaciju
will also require further consultation in order to improve
their knowledge in todsy'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, 1284, contract no. 32/31 the work in the project area
was started already Dy end of November 1933. The present report
summarizes the work performed for Institut za Mehanizaciju
(1z2%), Novi Sad by AVL for the contract period from November
1933 to December 1284 in a chronological order. The content
of the interim report as supmitted to UNIDO on Sept. 24, 1984

is reneated.

1. Mov. 15, 1983: Visit of Mr. Albert Fussi to 1ZM/Novi Sad

The purpose of this visit was to advise on the installation
of an enaine test bed by use of exlsting equipment {Schenk
W 230 dynamometer) and of the equipment which was delivered
by AVL (high pressure indicating system, HP 306/3 and Dblow-

by measuring system, needle lift prope 424).

Main topic of discussion was the installation of the needle
o 1ift probe and the quartz transducer of the high pressure
indicating system on the engine which will be wused for the
tests of piston and liners {4-cylinder swirl-champer diesel
engine IMR M34/V, bore 9l.4mm, stroke 127mm, 64 hp at 2600
rpm) .

The installation of the quartz transducer 8 QP 500 «ca in
the main compustion chamber together with the adaptor 8ZP30
is difficult because the cylinderhead has to be machined for
a sleeve through the water jacket. The feasibility of the
installation of such a sleeve has to be studied 1in advance

on a detail drawing of the cylinderhead.

liowever, since drawings were not available, it was agreed
that I1ZM would provide the required cylinderhead drawings
to AVL. Then, AVL would be in the position to sketch the
necessary machining and advise on the installation of the

sleeve.
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In case that the manufacturing of a bore through the water-
jJacket turns out to pe 1mpossible, the installation of a
quartz transducer 1in the swirl chamber should be considered.

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

The installation of the needle lift probe it +*he injector

oy use of a special adaptor pilece was explained in detail.

Further 1tems of discussion were the measurement techniques
for i1ntrake 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
manufactured by the Yugoslavian company "27. Mart" to be
performed by IZ2M were discussed. The Yugoslavian company IMR
(Industrija Motora Rakovica) as potential users of these
components have already prepared directions for such tests.
IZ2¥ handed over a copy of these directions (written in Ser-
bian). AVL is expected to comment. If necessary, AVL should
provide information, how the procedure can be further 1mpro-

ved.

Analysis of homologation test procedure as established by

IMR/1ZM, including translation of manual

The manual for the homologation test procedure had to be
translated by AVL into German for further analysis by AVL
experts. In essence, AVL agreed with the homologation proce-
dure as desribed in the wanual. However, several recommenda-
tions were made by AVL aad discussed on the occasion of the
visit of "project area" personnel to AVLL on Dec. 2, 1983
{cf. item 3).
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3. Dec. 2, 1983: Visit of "Froject Area" personnel, Mr. IH.
(I2M), Mr. S. RadiSic, Mr. B. Mirkic¢ (27. Mart)

.
Licen

a) Discussion of homologation test procedure for o)
and piston rings: The procedure as issued by I¥R was
cussed and in essence approved by AVL, However, AVL
recommend a very thorough check of piston ring dimen
and tangential forces before start of tests. For
control of ring shape sometimes a simple light-gap m
1s applied. For wear measurement a very sophisti
equipment is required, which in general 1s too expe
for test laboratories. Therefore, wear measurenments

in most cases performed by piston ring manufactur

In this context, several publications were handed

to IZ!f such as: "Allgemeine Abnahmebedingungen fir
9J Jung
benringe" (General acceptance s ecifications for
C P
rings), "“Neue Methoden zur Bestimmung der Genaui
von Kolbenringen" (New methods for the determin
of the accuracy of piston rings), "Auslegung von Ko

ringen" (Lay-out of piston rings).

0) Test bed installation and test rourine
Various methods of air tlow measurement were discuy
In 3ny case it is recommendable to install a surge

between the measurement equipment and the engine in

iston
dis-—
would
sions
the
ethod
cated
nsive
are

eres,

ovar
Kol-
iston
gkeilt
ation

lben-

ssed.
tank

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
15 also recommendable to Operate the engine at con
intake temperature. This would require the use of an

cooler,

air
pro-
. It
stant

air
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The coolant system of the engine should be operated with
Ao
Ly

r
a water softensr in order to avoid deposits in the systen
which would deteriorate the heat transfer. For the deter-
mination of the heat balance in the engine the water flow
has to be measured by a water flow meter and the 1inlet
and outlet temperatures by resistance probes. Also (air)
intaxe and exhaust temperatures have to be recordod.
Measurement of cylinder pressure:
Once again it was stressed by AVL that the measurenent
of cylinder pressure in the main combustion chomber 1is
advantageous, since the force of the combustion exerted
on the piston can be determined (indicated mean effective
pressure = IMEP). The measurement 1in the swirl chamber
should be used only ;'rovisionally. The c¢ylindertead dra-
#1ings by which it would have been possible to determine
the possible position of a sleeve for the quartz transdu-
cer was not yet availlable.
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 piston, which was presented to AVL for comment.
AVL approved the general concept but recommended some

minor design changes.

4. Telephone consultation in the time frame January to June
19144

In this time frame various consultation subjects were treated
by telephone conversations. Some of these conversations
resulted also in written statements (letter). Since these
letters were all written in German their content will be

summarized below.

(2]
()
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a) Measurement of ilgnition energy

A literature research was nmade and several pamphlets

were submitted concerning the inductive measurement

of

ignition current and capacitive measurerment of ignition

voltage.

b Assessment of performance of spark pluas
The required ignition voltage is dependent on
- distance of electrodes
- electrode material
- electrode shape
- mixture conditions {(charge wmotion)

- temperature

By this an assessment of performance of spark plug
feasible (same order as above):

- electrode burning-off

- aging of electrode maceiilal

- access of air-fuel mixture to electode gap

is

- lean mixtures have higher ignition voltage required

and nence 1ncreased electrode burning
- The temperature of the spark-plug is dependent on

heat rating

Most of the manufacturers apply empirical methods for

evaluation of spark plug performance, this means

the

the
that

spark plugs have to be tested under various conditions

like cold start, full-load-rated speed, etc. Also
respect to this topic, a litcrature research was malde
several publications of spark-plug manufacturers

collected and submitted to 17,

with
and

were

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

of gasoline enginecs currently under productich
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5.

o)

Consultation on computer software:
AVL presents thelr own computer nroograms and informs on

prograns available on the market,

Consultation visit of Dr. R. Rankl (AVL) in "Project Area"
on June 27, 1984

The installation »f the swirl chamber engine IMR M34/v,
64 hp, 2600 rpm on the test bed at IzM/Novi Sad was comple-
ted. Tnis engine will be equipped with pistors, piston rings
and cylinder liners produced by the company "27. Mart" for
performing homologation tests. The wvisit of AVL personnel
was 1ntended for the check of the test bed set up, to con-

sult on test hed routine and to supervise the first test

runs.

The air-flow will be mecasured by an orifice and the fuel
flow by a simple flow meter. Already 1installed were also
the pressure probe for the measurement of transient pressure
in the compbustion chamber and a probe for the measurement

of needle lift irn the injector.

For recording the rost important performance characteristics
the following measurement equipment 1s still missing:

- smoke meter

- thermo-couples for exhaust temperature measurement

- probes for measurement of 0il and water temperature.

It was further recommended to measure thz intake-manifold-
pressure in order to take account of the pressure 1loss cau-
sed by the orifice used for the air flow measurement and
also the exhaust back pressure which could be rather high

because of long exhaust sytem, designed without plenum,
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The pressure drop over the orifice for the air flow measure-

ments should be rather performed by a water gauqge. The res-—
sure pick-up currently used 1s very sensitive and follows
every pressure pulse so that a reliable reading of the mean

value 1s impecssible,

The flow meter used for the measurement of fuel flow seems
to be rather 1naccurate. AVL recommend the use of a simple

Seppeler-meter.

The needle lift probe used by 1ZM was delivered by AVL. It
showed only weak signals. The reason for this defect could
not be found. It was therefore decided to check the probe by
AVL.

12 will complete and revise the test bed equipment as recom-
mended by AVL and start already the first test runs. It was
decided that a staff member of IZ% will wvisit AVL 1in the
next future for advice on the cperation of the measurement
equipment as used on engine test beds and information on the

test routine.

The next (third visit) of AVL personnel to the project area
will be made when the first 50 hours-test run of the homolo-

gation test will be completed.

Consultation visit of Mr. B. Schukoff (AVL) in “Project
Area" on Nov. 19 and 20, 1984 (third and 1last 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 manufactured by the "27.
Mart" factory was completet (see point 5.). Although only
one-day visits were forseen in the contract, the last wvisit
to the project area was extended to two days bccause of the

many ltems to be discussed. The additional time spent was

Y
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deductea from the commitment of man-hours of home office

services.

IZM has perforned the test runs according to the following
test cycle:

- 1 hour of full load at the rated speed of 2400 rpm

- 5 minutes of low idle at 900 rpm

- this cycle 1s repeated 4 tines

- 10 minutes low idle

- full-load curve over speeqd

- measurcment of lube-o01l consumption.

This scheme 1s repeated until 50 operatlon hours are accunulated.

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 mm 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 compcnents with respect
to wear was performed and commented by Mr. Schukoff. 1In
essence the inspection of the pistons and liners as the
most important parts for the homologation showed the follo-~

wing results:
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piston ¥ 1 - piston (rod) alicnment apparently not adeguate
- ring grcoves only slightly coked
- no bearing trace at ends of chrome plated Xxey-
ston2 ring (about 1.5 =m} because of chamnfer
- all other piston rings in order
- lower surface of plston crown not colored

- cylinder liner in order

plston # 2 - piston alignzent fairly good
- ring grooves only slightly coked
- chrome plated ring does not bear at ring ends
(as cyl. # 1)
- all other piston rings in order

- cylinder liner in order

plston # 3 - plston allignment not adequate
- ring grooves only slightly coked
- all piston rings in order

- cylinder liner in order

pleton # 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. Ligen, Mr. M. Dozet and Mr. &. Radisié to

Graz on Dec. 3, 1984

This last visit was used to discuss further problems ~f

instrumentation (test bed equipment) 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
recordad 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.
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, 3 icial and mest ccommonlvy

usod system was the Techrical Svstem (T-Svstom) with

basic units:
Time S

- Distance m
Force kKp
«
g Since 1978, the Internaticnal Svstom (SI for shors)

swvotem (Moter-Kilogram-Seoond) .

As the transition from the old svstem to “he new ha

1as

been very slow, it still he

ge]
T
B!
-
0
oo

reguently that both
Q; systems are used.

S.T. Basic Uni*s

Name Svmbol
Distance Meter m

Mass

Foemy 21

Time
Current intensity
Light intensity

Molecular weight

Kilogram
Second
Ampére
Candela

Mol

' n
' has been intreduced with the basic unis

kg

A
cd

mol
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They are the following:

-Pressure in bar 1 bar
Temperature in °C t (°c)
Temperature in °k T( K)
Speed in rém n(rom)

~

N

barm 24

]

105 (V2
T(K) - 273
t(°c) + 273

6C.n(revs.

bfasids bl s MBIV S W et e o W

Apart from these, a few units are still used

which do not correspond exactly with the S.I. system.

.15
.15

per sec.)
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Pressure

Mechanical Stress
Energy, Work
Heat Capacity
Power
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Mixing Preocnss

This is the process by which fuel and air are mixed.
In the case of a gasoline engine, it takes place in the
carburettor and intake manifold and in gasoline engincs

with injection either in the intake manifold or in the

ccmbustion chamber. In a diesel engine, mixing takes

place in the piston cavity or in a pre-chamber if any.

Air Ratio 7\_ ("Breathing Efficiency")

For the total cormbustion of a given guantity of fuel,

a minimum quantity of oxygen 1is required (Omiw)‘ This 1is
4

. . Usuall howaver
mln) Yo !
a different guantity of air will be introduced for

combustion.

contained in the air quantity (L

This results in the Air Ratio:

Air Ratio A v = -

The air ratio 7kv is of critical importance for the

correct functioning of the combustion.

The volume of fuel introduced into the cylinder

needs a minimum amount of air (LV min) for its complete,
stoichiometric combustion. However, stoichiometric

conditions do not usually exist in the cylinder.

The combustion air ratio is
L

\
NV

vV min

s
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jK‘] < lack 0of air, rich mixture
7\V = 1 stoichicmetric mixture
iK'v > 1 tco much alr, weak mixture
For the ceombuszstion of one kg of diesel fuel, a
minimum quantity of air L £ 14.6 ko per kg of fuel
(S
is necessary.
* Gasoline engines run at 7Lv = 0.8 to 1.2
Diesel engines run at 7\v,>-1.3
3.2 Gas Exchance
Gas exchange is the phase during which the burnt
Gases are expelled and the cylinder is £illed with a
nevw charge.
3.3 Residual Gas Volume

Since the piston cannot expel the dead volune
{cecmpression volume) completely, and, in the case of a
two-stroke engine, the fresh charge cannot totally expel
the burnt gases, there 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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, 1t is important to achieove
a gocd Ilow during scavenging, so that the masimum
arount of exbizust gases are exnciled but none of the £
charge 1s lost through the exhaust valve.,
Veolumetric Efficiency 7Ll
If an engine could be run slowly and without any

o
losses, the air intake in each cylinder would b
the swept volume,

e equal
i.e. the theorestical air volunme mth

would be aspirated. However, in practice engines can

be run neither slowly nor without any losses

~ 7

SO a

smaller volume than this is drawn into the cylinder.

to

When defining the thecretical volume, a distinction

is also made between the volume expressed in terms

ns of
arbient conditions (mth1) and the theoretical vclunme

expressed in terms of the conditions prevailing in the

intake manifold (mth2)'
m
_ m _ z
7\11 = -——mz 7\12 T oW
th1 °

the

PP o SRR SRR PP
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4, Performance, Pressure, Pressure Diagrams

4 1 Mozn TPisckivo Drocan
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ne power production of an internal combustion

a
encine can be described as the work of a piston moving
up and down, the piston being propelled in its working

e by a constant mean indicated pressure (p.l or imep)
and- prcducing inéicated power (Pi or Ihp). 1In the prccess
f transmission to the crankshaft and auxiliary systems,
friction losses (Pr or Fhp) occur and at the end of th
crankshaft, only the remaining effective power (Pe or Bhp)
can be registered.

p. r Ihp = 3Ny + Fn
(or Ihp) Pe (or Bhp) Pr {or Fhp)

b

i jo = (s 3 cmer
Py (or imep) Pq (or Bmep) + Py (or Fmep)

All these mean pressures are imaginary values but

they are useful in comparing the performance of different
engines,

P (imep) and especially Pe (bmep) are a criterion
for the utilisation of the cylinder volume during the
working cycle.

(From now cn, only the Eurcpean symbols will be used.)

'




LT

- 9 -
Graz-Austria

Form 2%

two-str Dxe_encines, the relation betwoen power

n pressure can be expressed thus:

. 1it) {(rev/min) (bar)
k W ( . tee -
Powar (EW) _ Vy n pressure
600
As in the case of four-stroke_encines, ignition only
occurs every other revolution, the power is halved, thug:
. (1it) (rev/min) (bar)
< . . " . pressu
Power (KF) 0 _ Vy n pressure
. : 1200

One of the thrce indeces €, 1 or r is to be inserted

into
this formula.
Calculaticn of power according to the o©ld technical system
is effected thus: )
. . 2
(1it) {revs/min) (kp/cm®)
p(PS) o Vy -0 - Pe 2-Stroke
450
2
(lit) B : (kp/cm®)
P(PS) - VH ) n(Levs/mln) - P, 4-Stroke

900

W SN o il R 0D e -
!
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4-Iiroie endino VH = 3.77 (lit)
n = 5C20 (reowvs/min)
Po = 7 (bar) or 7.136 (kp/ca?)

Pe(kW) = 3.7% . 5C00 . 7 = 110 (kW)

1200 g

p_(25) = 3:77 - 5000 . 7.136 _ o oo

900

Values of reference for mean effective pressure Pe:

Gasoline engines: 2-Stroke P = 4 - 5.5 (bar)

4-Stroke = 7 - 10 (bar)
Pg

Dizcel engines 2-Stroke P, = 4.5 - 5,5 (kar) NA
P = 8 - 11 (bar) TC
4~-Stroke P, =5 -8 (bar) NA
Pe = 10 - 12 (bar) TC
Pe = 16 ~ 20 (bar) highly TC

In Figure 1 , the Pressure diagrams of each working cycle

a four-stroke engine are shown over the piston stroke

in the form of a pV diagram and over crankangle in the
form of an indicator diagram,.
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pY diagram thus:
V., + V
g = h C
v
o~

Gasoline engines: P,
Diesel engines: P,
P,

e S _— [ e L

= swept volume

sion veclunme

limit set

by knocking

upper limit set by

mechanical stre

60 - 90 (bar)
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Efficiency is calculated as

power yield

~ . pover vield

eficrt

Fh

However, in the case of an engine, there are many
diffcrent ways of calculating the efficiency. The most
important are the following:

5.1 Thermal Efficiencv (Work Yield)”ze

“Ze is the ratio of the energy which can be taken
from the crankshaft to that which was put into the engine
in the form of fuel, thus:

work vield

e

or, in relatior to a unit of time:

energy in fuel supplied

effective power Pe

e

energy in fuel per time unit

3600 . Pe(kw) B = amount of fuel
ﬂze = consumed in
B(kg/h) H (k3 /kqg) kg/h
u Hu = calorific value
of 1 kg of fuel
in kJ/kg
3.6 ° 106 be = amount of fuel
consumed in
b (g/kWh) H (kJ/kg) g/kWh
e ° u
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Examples ,
B = 25.3 (hg/h)
3600 . i}
H = 41899 (kJ/kg) M, =22 119 . g 39y
4 25.3 . 41899
P_= 110 (kW)
OR
be = 230 (g/kWh) Ny 106 »
Mo = = 0.374
2 G
H, = 41900 (kJ/kg) 220 . 41900
5.2 Mechanical Efficiency ﬂlm

The mechanical efficiency is the quotient of the

effective power Pe and the indicated power Pi.

Pr is the power which is lost through friction on
the way from the piston to the crankshaft and auxiliary
systems (camshaft etc.). It is also pocssible to replace
the power values Pe, Pi and Pr by the mean pressures
Per P; and P, in this equation.
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(a) Gascline Mainly chain-like compound
)

o
number of atoms (undor 8

ignite, ring-shaped compounds.

(b) Diecsel 0il High number &f carbon atoms and easy
o igrition. |
{(c)- Alcchols These are slow to ignit They are at

e.
present available in limited guantities
only (as are synthetic fuels) and are
expensive. They are, however, beccming
more important, especially in combination

with conventional fuels.

(d) Gas Fuels Mainly Butane and Preopane. For casoline-
typve engines with addi+tional adaptations

(mizing valve) and for diesel eng:

with jet ignition.

a

The calorific value Hu defines the amount of heat
released by the combustion of one kg of fuel. H, is the
"lower calorific value", which takes no account of the
heat which could be won 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.




Form N

wJ G or 10,C00 kCal/kg

cnzol 30390 kI/ng ! 9.:5630 kCal/kg

B
Diesel nil 44000 KI/kg " 10,500 kCal/ka
Et

thyl-alechol 262C0 kJ/kg " 6,4C0 kCal/kg

—

n the case of gas fuels, the guantity is expressed
. . 3,
1n standargd cubic metres (Nm”) .-

1 Nm = 1m3 gas at 760 Torr and 20°C
Mineral gas 36,000 kJ/Nm3 or 8,600 }:Cal/blm3
Liguid gas 92,000 kJ/Nm3 " 22,000 kCal/Nm3

Cctane Value

The octane value is a criterion for the resistance to

krocking and the igniticn delay of a gasoline engine fuel.

Gasoline with an Octane value (Oz) of 90 has the sanme
resistance to knocking as a mixture of 90% Iso-Octane
(C8H18) and 10% n-Heptane (C7H16)' Iso-Octane with an Oz
of 100 has a high resistance to knocking and n-Heptane
is extremely inclined to knock. AHigh Octane level means

high resistance to knocking and long ignition delay.

Octane levels: gasoline normal: 86 to 88

super 96 to 98
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. .
M0z (Motor Octane figure) and RO=- (Resoarch Octana
ficure) are arrived at bv different methods of measuramant
- - -~ — - ‘-» -
0z is alwars a little lower than RO-.

Combustion correctly starts at the sparking plugs and

penetrates the entire

0O

If the fuel has too 1lit:l

o .

too readily ignitable, then a sudden cecmbustion occurs
in places which the flame wall has not yet reached.
Knocking causes a loud noise, reduces the power and

increases mechanical stress on the engine.

The Cetane level is a criterion fo ignitability in

r
diesel o0il. A high Cetane level means high icgritability.
Diesel o0il with a Cetane ievel of 90 has the

same

ignitability as a mixture of 90% Cetane (C._H

16
and 10% X -Methylnaphthalin (\,”H1O Caz = 0).

Commenly used diesel oils have a Cetane level
of about 55. '

cmbustien chamber as a wall of fire.
e

resistance to knocking, i.e. is

!

B U S N
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6.5 Xrnozokwina in Diegel Tnoines
This has the same efleccts as knocking in gasoline
endines and occurs when the diesel fuel is too slow to
ignite (low CaZ). When ignition takes place, there is
too much fuel in the cyvlinder and this results in a
diesel knock.
_ High CaZl means high ignitability
High Oz means low ignitability
Fuels with a high CaZ have a low 0z and vice versa.
6.6 TFuel Consumntion

In order to ascertain the fuel consumption of any

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

0]

(TB) or the numker of revolutions (UTB) an engine need

Il

to use up a certain mass of fuel (GKW). GRKW is the ma:

o
=1

of fuel weiched on the fuecl scales.

(a) Sopecific Fuel Consumption be (g/kWh)

b, (g/kWh) indicates how much fuel (GKW g) an engine

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

]

(g9)
be/g/kwh GKW

_ 60 . ciw'9)

oo (min)

(kW)
Pe B

hewE 0
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60 e (G) n(rC‘ﬁ/Tlﬂ)
p (%) v
e T
e.g GRW = 1CO (g)
o = 120 (%)
n = , 800 (revs/min)
] =
LTB 3
b, = 22190 - 2800 _ 555 1 (g/umm)
(;‘ 180 . 397

270 (g/kWh)

engines: 200 (g/kWh}

i

200 (g/PSh)
150 (g/PSh)

rh
[

(b) Fusl Cecrsumntion per Hour B/kg/h

B is the amount of fuel consumed in one hour.

(_, plka/H)  _ b (g/kWh) . » (kW)

GKw(g) . n(revs/mln)

= 0.06 .
Urs
e.q. GKW = 100 (g9)
n = 2,800 (revs/min)
UTB = 397
B _ 0.06 . 100 . 2800

= 42,3 (kg/h)

397

i}
0O O
ry
[@TIN?]
W]
0]
@]
b——l
SO
jos ]
M
1]
]
0
s
3
[t}
n
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(c) Indjcction Volure ner Working Seenl

0 1000 . GOKW
o —_EP’CW3) VA u
e.g. GXW = 100 (g)

— UTB = 297

. Z = 6 2 = no. of cylinders

: \g = 0.845 (g/cm3) € = specific gravity

(\ © of fuel

/9 = 1000 . 100 = 49.7 (mm3/stroke)

0.345 . 6 . 397

6.7 Fuel Consumntion Diacrams

(a) Partial load lines: Specific fuel consumption be

is measured at constant engine speed and varying
loads (Pe)' See Figure 2. The points I to 1V
of Figure 2 can be inserted in the "fish-hook"
diagram (Figure 3 ). 1In the case of diesel
engines, the full-load curve resulting from the
(S 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 Figqure 3.

- . -
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7 . Test-Beod
e Ao

7 .1 Power Meaguromant wi+h 3 Dunamamator

The eifective power P of an engine can be measured
on a test-bed by means of a dynamcmeter, which indicates

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

p™ - m . -, . nII
‘ 30
p (k%) = 1.0472 . 107 [ (W) (M) (revs/min)
< e

To obtain simpler formulae, one can choose the

length of the lever arm l1 as follows:

3

{(a) ror measurements in ki (kW arm)

- S S E SR AaE S A Il SR A B R E e

p (kv) - = (N) n(revs/min) 10—4

e-9- F o= 450 () P o= 126 (kW)
n = 2800 (revs/min) €

(h (b) For measurements in PS (PS-arm)
)
a
Pe(Pu) - ;S p(kp) (M n . II
30

1 = 0.7162 (m)

pe(PS) - F(kp) n(revs/min) . 10—3

' e.g I = 60 (kp) Pe -~ 168 (PS)

n = 2800 (revs/min)

U N ? FE AL P X SR S
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DIN 6270 gives the correcticn factors for zower and
fuel consumption which also take air humidity into account.

These factors apprly to naturally aspirated gasoline and
diesel engines in current use and to engines with
mechanical pressure chargers in which the power is
limited by the excess air ratio and the mechanical

efficiency is 85%.

S

r

andard Conditicns according to DIN 6270:

Normal atmospheric pressure bO = 736 Torr (979 mb)
. o

Air temperature tO = 20°C

Relative air humidity f o = 60%

These standard conditions are equivalent to the

standard conditinns given by CIMAC:

Normal atmospheric pressure bo = 760 Torr (1013 mb)
30°¢
60%

Air temperature

t
o
Relative air humidity \fo

Hi

Freny 3t
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On this basis, brake powcr at the flvwhoel is:
N =N . /
e eo %N (k)
The correction facto- C)(may be taken from Ficure 5
table 1. These correction factors have to be furthar

h
corrected according to table 2 in the case of a mechanical
efficiency of less than 85%.

The specific fuel consumption under real running
conditions is

be = b, -c>< (a/k¥h)

The correction factor can be taken from the table in
Figure 4 ,

Calculation Examnles

Given: Continuous power 125 kW at standard conditions,

Engine with 0.75 mechanical efficiency.

Regquired: Continuous power at an altitude of 1300 m with

relative air humidity of 100% and temperature
of 30%.

Solution: Correction factor from table 1 for 1300 m

altitude, 100% humidity and 30°%C = o0.g81.

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 must be corrected
further according to table 2, i.e. by 0.79.

The continuocus brake power at actual running conditions comes
to 79% of 125 kW = 99 ky,
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an
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1

cticn

fJ

c
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Vo

£ 0.31 was taken
fficiency of ’L, mo = Q.75 into account, the ccrre
cter for the brake effoctive power under actual ru

—

' a :ning
enditions according to the table in Figure 26 1is = 1.05.

l Assuming that the engine has a fuel consumption of

beo = 180 g/PSh at stancard conditions, the fuel consumption
' at .actuval running conditions will be:
' C b, = 260 . 1.05 = 273 g/k¥h.
In the case of vehicle engines, values are corrected to
sea level and normal termperature (i.e. 760 Torr or 1013 bar

: 0. . e . .
and 20°C) by DIN 7C020. Variaticns in mechanical

v

efficiency and air humidity are not taken into account
for motor vehicles since their influence on the final
e

ficure is negligiblefor engines of this size.

760 1/273 + t
273 + 20

Ne red - Ne b

= actual air pressure in Torr or mm Hg

. O
(‘. t = actual temperature in “C
/

Example: N = 110 (kW)
t = 35 (°0)
b = 720 (Torr)

~)
o
o

273 + 35
273 + 20

|
o

= 115.8 (kW)

[¢]
~
[&9]
o)
<!
oo
(@

l - N = actual observad power

Foem DY
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7.3 Instzallation of Znaine in Te

J
n
r
ol

On account of the numercus moving parts

uct

o3
£
0

IS
pistecns, connecting rods, crankshaft etc., a pisto

3

ions whiich have to be insulate

o
n
)

rr

b

i d

g floor and wall surfaces. This can
1S
~

sfactorily done by mounting the engine on ru

H T

mounts on a base which is in turn sprung-mounted.
important to achieve a good correlaticn between the

various weights and springs so that only small forces reach
(; the actual building.

order to check a test measurement it is essential
to record certain conditicns beforehand. Only then can

comparisons be made between results. Important parameters

on the engine test-bed are, for example, air temperatur

6]

r

[t

air pressure, oil temperature, ccoling water temperatur

Engine specifications must also be recorded if they

arc subject to alteration: static injection timing,
injection line diameter, type of delivery pump, noz-le,
(7 pump equipment, sparking plugs etc.

All this information has to be entered accurately into

the measurement sheet so that comparisons can be made after

numerous tests. An example of such a measurement sheet is

showr: in the attached illustrations.

Form M




Torm M)

[E¢
b

.mean aml

@)
=
)
=3
t

temperature measured 1 metre
away from the engine surface
to'l""""'Oil temperature on entry {e.g. into the
_ 0il cocler) in °cC.
. 0il temperature on leaving (e.g. the
0il cooler) in °cC.
P: +eeeev....0il pressure
tye--------..Water temperature before entry into

. o
the engine (°C)

toyse--..-...Water temperature after coming out ol the
(3]
, o
engine (7C)
. . o)
tK Le .......Cooling-air temgerature, entry, C

K La .......Cocling-air temperature, exit, %¢
P +-+.......Intake manifeld depression in mbar
ty, -----.....Alr temperature, e.g. in intake manifold
«ss--.....Exhaust bulk temperature
Py -++++.....Exhaust back pressure in mbar
cesee.....Load indication at dynamometer
tmeB +e+e....Measuring time for Seppeler consumption
measurement
n ..........Engine speed in rpm
Pe +sess.....Engine power (kW) calculated with formula
be «++»--....Specific fuel consumption in g/kWh,
calculated according to formula
Pg ¢¢+----...Brake mean effective pressure, calculated
according to formula
P, ++-c-.....Mean friction pressure in bar, calculated
according to formula
/? eeses-e...Fuel delivery per strole in mm3,
calculated according to formula

Further data (consumptior per hour, blackness etc.) can be put
into the emntv spaces.
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Alr Tlow Measuremeont

Since there are usually no techni
in brinzing cnough fucl into the cvlin
achieved depends mainly on the mass of
introduced, i.e.

efficiency. To achieve an optimum
outlet systems,
timing devices and supply lines, a gr

and testing work has to be done.

An endgine's aspirated air volume
measured. On the basis of this wvalue,
volumetric efficiency, fuel/air ratio

can be determined,.

The measurement of air through-£l
effected with measurement nozzles or o
into sufficiently long, stabilizing se

(see Figures 8a und 8Db).

Another way of measuring air-flow
"air-box". This gives good results pr
instructions are followed precisely.
ailr-contiainer of sufficient size conn
intake by means of a flexible tube and
sharp-edged orifice. The air enters t
this orifice and the pressure drop acr
aperture is measured with a manometer.

(10 mb)

of compressibility can be disregarded.

should be less than 100 mm WS

der, the
from the raximum possi
a

air and exhaust manifo
e

3

rn

H
0O
£
}_J
{u

ficulties
ot power
air which can be
le volumetric

n of intake and
valves,

valve

at deal of design

therefore has to be
the engine powver,

and cther paramoters

ow is most simply
rifice plates built

ctions of pipe

is by using an
vided the fitting
It consists of an
ected to the air
having a circular,
he device through
oss the measurement

The pressure drop
so that the effects
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The influence on the volunetric of

ic
is less than 1%. The air through-flow can thon ha

-3
VL = 10 .
VL = Quantity of air through-flow in litres/sec.
D = Diamcter of orificé in mm
K = Through-flow coefficient of orifice }
ho = Pressure differenceacross orifice in cm S '
TL = Air temperature in °K
P, = Barometer pressure in kN/m2

Determination of crifice 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 rotary piston gas-meter. With this, the
result is obtained directly, which has the advantage of a
high degrece 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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P

Y .
, eSS . 3 :
VL = - (in m~ per rin.)
5 3
Vrn = measured guantity of air (m”)
NCES
t = timne (min.)

gas-meter. -

s 1. Calculaticn of the efficiency of an engine 7\,1
Four-stroke engine n = 3200 rpem
, vV, _ )
swept volume | H= 4.2 litres
Measured with a rctary piston gas-meter:
3
Measured volume V = 2 (m7)
mess

Measured tira2 t = 0.38 (mins.

casured ti mess ( )

- . \

cc 7& aspirated air volume L

Efficiency = = - — =
. 1 theor. asp.air volune A

theor.

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

Two-stroke engine: k = 1

Four-stroke engine: k = 1/2

3 lit revs/min -3 m3/lit min/h
(m”/h)_ 1 . v o 12te 410 . 60"
Theor. )
= 0.5 . 4.2 . 3200 . 60 . 107 = 403.2 (m°/h)

— aume S o S_— _— F Y F w— e S T Sy ] S —

—
form 21
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3 i
M m /‘_1 2
mess min 2 . &0 Aa - 2
vV = 6O ot = - T = _)13 8 ("’ /n/
L N min 0.28
ness
V 2 o s H PR
_ L - 215.8 _ 0.7583 related to intuke
1 \% 05.2 : : conditions

For the calculation of the volumetric efficiency, '

the air volume must be measurad in terms of the condi“ions

in the intake manifold before the cylinder (ps, TS).
’ !
« 2. Through=Flow of Air m_ in_ka_per hour
4
_ Py P, = 1.013 (bar) = 1.013 . 10°(:/m?)
L R Th R = 287 (J/kg K)
T. = 25 (°c) = 298.15 (%)
]

- 1013 .10 . 315.8 = 373.86 (kg/h)
m, 287 . 298.15

g/kwWh KW
Q K = mL B kg/h . be : Pe
. v L . B H -

100097/ k9

Lmin = 14.2 kg Luft per kg fuel

P, = 80 (kW) .
H _ 80 . 225 _
B = -—16(%— = 18 (kg/h)
be = 225 (g/kWh)
_ _373.86 _
7kv S T4.2 .98 = 1.46

somm SEE 4D G SEN N GNE SN A AN OIN W D T I N e
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e
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The measurement of rapid pressure changes such as
those in the combusticn chamber or injection system
requires special pressure transdéucers. These must

withstand high pressures and temperatures but they must
also be capable of good resolution and have high frequency

response in crder to give satisfactory measurements.

Suitable devices which fulfil these conditions are

the quartz pressure transducer and the strain gauge

transducer.

(2) The Quarsz Prescsure Transducer

These function on the pilezo-electric principle.

vhen a

force or pressure

is brought to bear on a quartz cristal

in the direction of the electrical arxis,

an electric

form My

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.C002 bar a frequency
response of up to 160 kHz and a temperature range of up to
240°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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transducers and can also be used for hicher temperaturas

ac thev are oaacsia anl . 1 Or mes N

as they are 2asicer to cocl (up to C mean gas

@ transcducers can be uszd fcr nre

up to 1200 bar and at temperatures of up to 1000°C. They
‘ g e s

& have high resistance to shcck and mechanical stress.
/ . 5 .
Application: combustion chamber pressures, injecticn line
ressures, ete. (Fig. 12)
Low pressures which change gradually czn best be measurad

3
¢}
A
0
£3
&

(0
o]
0
pet
rt
(D
[oN)
b
=
t
jop
e
2
[¢H
]
tn
o
L
(]
o M
pa
o]
o]
Y
8
o]
Ve
=)
Q
fu
J
n
o
wn
}_J
n
®
i
(o]
O
r
H
b
(9]

depression in the intake manifold

air pressure

'

exhaust back pressure.
h Conversion: 1 mm WS = 9.87 - 107> (bar) = 9.81 (N/m%)

1 Torr = 1.333 . 10-3 (bar)

1 mm Hg

7 .7 Temnerature Measurcment

o _—— . S—— _—— a—_— Su ey - S Y g ] --: — a——
w3

The simplest device for measuring temperature is the
thermometer., It is sufficient for the measurerment of
ambient temperature, outlet temperoture and other
low temperatures.

Frim 20




~a e
£ B
b aa

- 32 -
Graz-Austaa .

Matoal Ceombinatinon Voltanme Temnnrature Rance oC

Iron/Fonstantan C.12 - 50 to + 700
@ Nickel/Chrome-Yickel 0.0 0 to + 1200

Platinum/Platin-2hodium 0.03 O to + 1600

vlinder head, cylinder

o

changing temperatures such a&s those in
er cannot be meastred by this method

o

W reaction of the thermo-couple.

The dynamometer takes up the effective power Pe and

permits calculation of the

power by showing the torque,
(See Figure 4a and 4b ),

Foorm 2
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b = M | Pt effective powver in Wats
e e
u : torgue in Nm
T -1
:angle speed in s
The powor can be calculated in simpler units thus

The dynamometer is

arm (length 1) which is

a load cell which shows

mounted on gimbles and has a lever
connected to weighing scales or
the force F.

n : speed in rpm

The transmitted torque

: force in N

: length of lever arm in m.

is then:
F
m = F ., 1 1
The power is then:
5 (kW) F 1 .n .1
p - N
e BU\\_/O

By selecting an abpropriate
calculation, it is pcssible
which is easy to work with.

0.9549 (m)

p PS _ kP = nll
e )
P "5 p . q07?
(=4

lever arm length for the
to put together a formula

For results in kW, for example:

F in (N)

n in revs. per min.

to give results in PS, thus:

1

PS 0.7162

(m)

RPN

Avas
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ctual lever arm leongth can pe dilfereont Ircm the
1 N ~ . - . -
t ctical lever arm lencsh (1,.., 1 Q\ O achiceve & more
o o
ce astruction. In this case, only the scale h to

7.9 Diffnront Turas Af Dunam~motar

(a) Water-Brake

Water is swirled in the brake hcusing and in this way the
energy from the engine is absorked. A rofor conveys the
6;‘ measurable torque via the water to the brake-statcrs. The
’ encrgy given off by the engine is converted into heat and
carried away by the water flowing through. Such devices

may be made for working in one or both directions.

The braking effect is achieved by means of electiric
induction processes and the gencraticn of eddy currents
which transform the mechanical work of the engine shail
into heat. This is then carried away £from the brake by
cooling water. The regulation of brake-power is carried
(ﬁ out by changing the energizing current. The bvake effzct
,’ . may be for one or both directions of revolution according

to the type ¢f brake.
(c) DC Motoring Set

A separately-cxcited 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 engine. The electric
energy supplied when the machine is run as a generator is

converted into heat by means of resistors, This device
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can be used as motor and gencrator in both dircctions of

revolution.
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The Seppeler measures a certain velume of fuel (VS)

used by the engine over a defined périod of time (TB)'
The measuring cecntainer has a volumetrically precise
capacity and is marked for the commencement and
completion of the measurement pericd.

In the narrow feed and drain tubes, the fuecl leval
sinks very fast so that the beginning and e
measurement can be precisely determined. The most simple
methed is to register the measurement pericd with the aid
of a stopwatch. However, this has the disadvantage that
the accuracy of the test then depends on the 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 Seppeler are its simple and
inexpensive construction. It is not fragile and needs
little maintenance. 1Its disadvantages are the limited

accuracy given by volumetric measurements, which are

influenced by temperature.
(Sce Figurc 16,17 )
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calculation 0of Tuel Censumrsion th a_Son=olor

tmcss Measurement time in seconds

VS Scopeler volume in cubic cm

Fuel‘g Fuel density in grams pef cubic cm

BH Fucl censumption in grams per hour

be Specific fuel consumption in grams per ki/h

/67 Volume injected per working-strcke and

cylinder in cubic mm. }

Ne . Engine power in kW '

n Engine speed in min |

i Number of strokes (2 or 4)

g - 3-8 — ¢
moes
v Fue
b = 3600 > - 9 Fuel
e N
mess .

-
“mess i/2

e.g. Vg = 50 (cm’) N, = 75 (kW)
gFuel = 0,845 (g/cmB) . n = 2800 (revs/min)
t = 9.4 (sec) 4 Stroke
mess
_ 3.6 . 50 . 0.845 _
BH = 5.4 = 16.18 (kg/h)
b = 3600 . 50 . 0.845 = 215.7 (g/vWh)
e 9.4 . 75
. 60000 . 50 = 57 (mmd)
T 2500 . 9.4 . 2
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The fuel balanc i
fuel which is not influenced by the t
Furthermore, the measuring prb:css is
autcmatic and therefore not subject to hunm
The fuel balance measures the time (TB) or the
number of engine revolutions (UTB) reguired by the

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

GEW yeantity of fuel in grams

TB measurement period in minutes
UTB engine revolutions

n engine speed in revs/min

Ne effcctive power in kW

ific fuel consumption in grams/kWh

Dec
fuel consumption per hour (kg/h)

p = 60 . CKY _ 60 . GKW . n

- e Ne - Tp No - Upg
0.06 . GKW 0.06 . GKY . n
By = T = U
B TB

(see Fig, 18, 19)
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b = : = 238.3 g/kWh

. 0.06 . 100 . 2800
H 330

17.9 kg/h

Further details akout the AVL Fuel Balance are to

A

be found in the adverticing leaflet "AVL Tuel Balance
System 700".

7 .13 Smake Measureront
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The exhaust from diesel engines contains amon
I

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

) result from faulty combustion., There are various ways of

measuring the soot content in exhaust emissions.

(a) The filterpaper method
A certain volume of exhaust is sucked through a paper

filter. The soot is trapped by the filter and blackens

e

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 photoelectric 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 simplest version uzes a Bosch hand-pump for the suction

of exhaust into the measurement device.

Form 20
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t into the lencth of line
e exhaust is pumred for socot mgasurenent,
The exhaust absorbs more or less light according to the
SOot content. The degree of licht absorption is

mecasured with a photocell.

(c) Absorption Method {(Hartridge)
Here, a photocell is used to measure the differecnce
between clean air and exhaust. This gives a result

in Hartridge Soot Units (HsU)Y .

Blow-Br Mar

[l
A

Tﬁe blow-by meter measures the guantity of gas
which escapes from the combustion chamber via leaking
piston rings out into the crankcase. The blow-by
measurcment is a good criterion for estimating the state
of wear of an engine. Ic also indicates the degree of

running-in of an engine and can give an early warning of
engine damage.

It is possible to set a limit on the permissible

amount of blow-by so that the state of the engine can

be automatically monitored. The engine can then be

withdrawn from service as soon as faults begin to

appecar and before the damage becomes too severe.

- 40
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AVL offers deavices for neasuring blow-hy whic
£ low

have extremely low Pressure loss (only a few mm wS3)

and a measurement range of 50 to 2500 1/min.

By the use of a stabilizing centainer violently

[
puls-ting gas €scapes can be measured exactly.
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BRIEF DESCRIPTION

"AVL HIGH PRESSURE INDICATING EQUIPMENT
HP 306
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Graz-Austria HIGH PRESSURE INDICATING EQUIPMENT

The High Pressure Indicating Equipment permits examination of
combustion and injection Tine 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 development
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-

Gl IR BN O am NN am m -

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 qualitative combustion progress, the
control of which represents a major part of the possible means fer
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 line of a diesel engine, as well
as nozzle needle and/ or valve 1ift 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.

/2 ...
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Graz-Austnia HIGH PRESSURE INDICATING EQUIPMENT

The electrostatic charge derived from the juartz pressure transcucers
is converted into a voltage being in linear proportion to the
pressure, by means of the charge amplifier 3059B-AC2 (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-A01 is provided which generates
exactly defined calibrating charges.

Inductive displacement transducers in half bridge measuring circuit
are used for indicating nozzle needle and/or valve 1ift. The carrier
amplifier 3075-A02 generates a stabilized 100 kHz carrier frequency
for supply of the displacement traasducer. This carrier is sub-
sequ~ntly modulated in the transducer by the measuring signal.

After cmplification of the modulated carrier in the carrier amplifier
the weasuring 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 £, AVL electro-magnetic pulse pick-up 333 and
the crank degree marking unit 3010-A01 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

p———

is connected to a charge amplifier via a switching device or, if
available, to a free channel of the oscilloscope.
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Graz-Austria HIGH PRESSURE INDICATING EQUIPMENT

A second pulse pick-up in cenjunction with trigger unit 3012-A01
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 mains 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:
Width 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

m o s G G Gm OB GIF M G EE GE SR =

b) Additional Equipment (if provided)

- 7 ZP 65 Injection Line Adapter:

Thread: M 14 x 1.5 (standard, if not particularly specified
with crder)

Adapters with other thread dimensions are available
alternatively: M 18 x 1.5 (7 ZP 66) or M 12 x 1.5
(7 ZP 67).

———e AR WS
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Craz-Austn HIGH PRESSURE INDICATING EQUIPHENT 415

- Inductive Nozzle Needle Lift Transducer:

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.

Remark:

Fitting the inductive nozzle needle 1if( 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.

Specifications: see data sheet AVL 425,

Remark:

Fitting the inductive valve 1ift transducer to the valve/
cylinder head is not included in the prices.

- Oscilloscope:

Four channel 50 MHz-oscilloscope mounted in a 3 hight units
19" bench cabinet, complete with multiplexer and time
base and illuminated graticule.

———— e - cm— —_ - S - Ay —_— A~ a_— S W Y A

- Camera:

\ Special Polaroid camera with hinged mounting frame, suitable
to fit a.m. oscilloscope. Supplied with 10 Polaroid films.

/5 ...
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Graz-Austria HIGH PRESSURE INDICATING EQUIPNMENT

Remark to adapting of nozzle needle 1ift and

va]veﬁljft transducers

We would be pleased to quote for these services on receipt of
the following 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.
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424 INDUCTIVE NOZZLE
NEELLE LIFT TRANSDUCER

For measurement of nozzle needle liftin no

2zle 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
l
Principle . inductive lift transducer 4727
half-bridge circuit ';.._7__,_1
Supply I max. 12Vpp at 100kHz =4 - E Y
£10kHz & | |
(supplied by 3075-A02 ; |
Carrier Amplifier) Transducer\ ‘
: 140 7
Inductance 2x MH Housing ~{]
Sensitivity :approx. 1V/0.1mm lift at
output of 3075-A02 With over flats 15
max. gain
Max. Lift ¢ *1mm
Linearity Error : <0.5%upto* 0.8mm lift
Permissible Temper-
ature at Connector ;'  + 800C
Weight of Core . approx.5.1gat 200mm length MI1dxT
Connection : 4-pin Bendix PTIH-8-4P
Connection Cable : € 1946-10 (10m long)

E 1946 -S (special length)

Typical Adapter Housing ———.
without Return Fuel Nipple F

max. 200

Magnetic Core with Extension Rod- ‘

»
[

A——1
|

Nozzle Hu/(/e/\

Direction of penztration into coil
£ pos. measuring signal

Dimensions in mm
424- 1081/E

AVL Prof List GesmbH A-BNIN Craz/Bictein b n. oe o




Operating Manual

Instructions on mounting and adjusting
AVL Type 423 and 424 inductive nozzle
needle lift transducers to the nozzle holder

Printed in Austria by AVL
Issued: December 1981




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 are 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),

i
Typical Nozzle Typical Nozzle ‘é B
Holder with bottom Holder with top “Lh L
type pressure type pressure " *7*
spring spring %f lf

pd | E
Fig. 1 Fig. 2 []

The AVL 423 ard 424 nozzle needle 1ift 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
hoider 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

1. Nocsz!e needle lift transducer AVL 423
la  Nozzle needle lift transducer AVL 424
2. Adapter

3. Extension rod with magnetic core

4, Spindle

5. Setting nut

6. Pressure spring

7. Gasket (nozzle holder)

8. Gasket (Transducer)

9.

Fuel return connector (if necessary)
0. Nozzle holder body
1. Reduction sleeve (if necessary)

——t —
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Fig. 4 |

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 dimensions (mounting
thread M10 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 guaranteed only when the following
instructions are adhered to:

The core with extension rod (3) must be mounted to the spindle (4) stable and vibration-
proof paying due regard to correct axial alignment. The length of the extension rod
should be carefully chosen so that the core positione

d in the coil 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 con
(see Fig. 3 and 4).

sist of the following items

A)  Traonsducer housing
It contains 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 AV] Type 423 or 424 to a suitable nozzle holder

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

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

|

N

' ~
~J

N

3 <

Fig. 5

——

If the spindle is already equipped with a drilling bigger than 2 mm @ or
"™+ "mm @, a reduction sleeve (17) must be provided. This sleeve equipped

with the drilling as shown in fig. 5, must be inserted centric and
brazed into the spindle,




Fror T

If the setting nut {5) of the nozzle holder is not equipped with a drilling
sufficiently larce 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 adjustment 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 scuable adapter (2):

Manufacture a suitable adapter that matches the thread of the setting nut (5)

of the nozzle holder on one side and has a M 10 x 0.75 thread on the other side
for accomedating the AVL Type 423 transducer (or @ M14 x 1 thread for the Type
424 transducer), Depending on the design of the nozzle 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 length "L"
of core a=cording to the following formula:

AVL 423 : :n-g-+4.5 AVL424:L=n-;—+3
Leveeonsn Total length of core
Neeeennns Length of core inside the nozzle holder and adapter. To determine this

measure 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
gasket (8) to the base of the spindle drilling.

h........ Nozzle needle lift, This value is either listed in the specification for
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 (in
zero transition of discriminator), see fig, 3and 4,

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

Brazing the core to the spindle

Irsert 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).
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truly aligned

10.

i
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Spindle extension rod core
/.
brazed {silver braze) 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 drill 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,

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.

Checking the tronsducer 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 nozzle needle lift transducer to Carrier Amplifier and oscilloscope.
Carefully manouver transducer housing over the magnetic core and screw it

on to the nozzle holder /adapter. The electric signal on the screen will first
go through a minimum and will then gradually approach zero point. The signal
must not exceed the point (discriminator),

Any mistakes 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).




423 INDUCTIVE NOZZLE
V NEEDLE LIFT TRANSDUCER

‘l; 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 AVL Type 3075-A02 Carrier Amplifier.

SPECIFICATION

14.2 !
. . N -
Principle : inductive lift transducer :
! half-bridge circuit ¢ - - !

Supply : ;111218'.(H12Vpp at 100kHz E
z i
(supplied by 3075-A02

Carrier Amplifier)

‘ Transducer
Inductance : 2x 140 uH Housing

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

Max. Lift 2 1Tmm
Linearity Error : < 0.5%upto *0.8mm lift

With over flats 12

Permissible Temper-

ature at Connector : + 800C

Connection : 4-pin Bendix PTIH-8-4P
Connzction Cable : E 1946—-10 {10m long)

E 1946-S (special length) % ‘

Typic. Adapter Housing with :
Return Fuel hipple T

M10x0.75

max. 110

bt -
Magnetic Care with Extension Rod ~ L

1

Dircction of penetration into coil
2 pos. measuring signal

' Weight of Core ‘ approx. 0.7g at 110mm length

Dimensions in mm,




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 agapter and AVL Type 3075—A02 Carrier Armplifier.

SPECIFICATION

Principle ¢ inductive lift transducer
half-bridge circuit
Supply ¢ omax. 12Vpp at 100kHz [
H *+ 10kHz I
(supplied by 3075-A02
, Carrier Amplifier) Transducer
) Inductance : 2x140 uH Housing \
Sensitivity : approx. 1V/0.1mm lift at
‘ output of 3075-A02 With over flats 15
max. gain

54

i Max. Lift : +1mm ~

Linearity Error : <05%uptot0.8mm lift ) r N
. Permissible Temper- {1 ':E ) |
i ature atConnector ;. + 800C INQISiEio iR e
T Hirirg I/
Weight of Core : approx.5.1g at 200mm length B30 %13 “‘ SAw
' Connection : 4-pin Bendix PTIH-84P P I j ¥ ' 1
! Connection Cable : E 1946-10 (10m long) ‘ ~ ;“
i E 1946-S (special length) 2 [// S
] Typical Adapter Housing ~——__J} —1 |-=— | N
b without Return Fuel Nipple T X
] Ty &
L
{ \\\:‘\\\ NN Y
. Magnetic Core with Extension Rod~te [T\ V557!
; e | S
| & 3 R
1 ( E\ y
/| |

|
|
ZEEENZ N

‘ Nozzle Ha/(/er\.*

|

I

!

!

|

Direction ot penetration into coil i
‘ 2 pos. measuring signal :
|

]

i

L

Dimensions in mm
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