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PROBLEMS OF POWER PARAMETERS MEASUREMENT OF CONSTANT-
SPEED ENGINES WITH SMALL CYLINDER VOLUME BY ACCELERATION 

METHOD

The main topic of the paper is determination power parameters of constant-speed engines 
designed with small volume cylinders. These spark-ignition engines are equipped with simple 
carburettor with main circuit for full load and in some cases with idle circuit for unloaded 
modes. The absence of additional acceleration circuits cause considerable decrease of torque in 
engine’s characteristic under low engine speed. It determines the common acceleration method 
as unsuitable for its utilisation.
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1. Introduction 

Problems of power parameter measurement of 
the internal combustion engine designed with small 
volume cylinders (e.g. spark-ignition engines of lawn 
mowers) by the acceleration method can be divided 
into two parts. The first problem is a determination 
of the measured engine’s inertia moment. The sec-
ond problem is fast acceleration engines which are 
designed as the constant-speed engine. Fuel systems 
(commonly carburettor) of these engines are relatively 
simple.  They are not equipped with the additional 
circuit for acceleration in comparison with of automo-
bile engines. The absence of additional acceleration 
circuits in the carburettor causes considerable decrease 
of the torque in the engine’s characteristic under low 
engine speed. This problem can be eliminated by 
using the additional moment of inertia that prolongs 
acceleration. Fig.1 and Fig.2 show the decrease of 
engine acceleration with and without the additional 
moment of inertia. Fig.3 shows the final torque and 
power engine characteristic.

2. Materials and methods  

The principle of determination of the internal 
combustion engine’s power parameters by the 
acceleration method is founded upon measurement of 
an angular ε  [rad.s-2] of a crankshaft, which is directly 
proportional of a torque M [Nm]. At known moment of 
inertia I [kg.m2] of all engine rotating parts, including 
non-disengageable equipment, we can use a formula, 
which results from the second Newton’s law and it is 
generally true for solids rotating around fixed axes. 

                          M = I . ε     [ N.m] (1)

where: M –  torque [Nm], I –  moment of inertia 
[kg.m2], ε  –  angular acceleration [rad.s-2] 

For determination of the moment of inertia of all 
rotating parts of the engine has been chosen the me-
thod based on measurement of the time of vibration 
of inertia masses on trifilar hangings according to 
formula:

                    I
T m g r

l
=

⋅ ⋅ ⋅2 2

24π
  [kg.m2] (2)

where: I - moment of inertia [kg.m2], T - time of 
vibration [s ], m –mass [kg], r – radius rotation [m], 
l – lenght of hangings [m], g - acceleration of gravity 
[m.s-2]

3. Result

3.1 Problems of transient regimes

Fig.1 and Fig.2 show decrease of the engine 
acceleration with and without the additional moment 
of inertia.

Both graphs (Fig.1 and Fig.2) clearly reflect on 
decrease of the engine acceleration without the addi-
tional moment of inertia.  From running the black line 
is perceptible that the increasing moment of inertia 
reduced unfavorable running transient performance.

Fig. 3 shows the final torque and power parameters 
of the measured engine with the additional moment 
of inertia. The individual points of line are calculated 
from formula [1].

3.2 Measurement of the moment of inertia

Individual parts (an engine’s flywheel and an 
engine’s crankshaft) representing the major compo-
nent of the total moment of inertia was dismounted 
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out of the engine and fixed to the trifilar hangings 
(Fig. 4 and 5). The moment of inertia was calculated 
from the measured time of one vibration according 
to formula (2).

4. Discussion

The method of measurement of free acceleration of 
an unloaded engine has been known since beginning 
of the maintenance practice.  For relatively long time, 
when the objective engine dynamometer has already 
existed, it was the only subjective method, based on 
experience of mechanics. Development of electrical 
technology brings using of a simple analogue appara-
tus with relatively low accuracy. Relatively recently 

within the context of fast development of digital elec-
tronics and computer techniques, which are capable to 
monitor and evaluate even very fast dynamic actions, 
it is possible to talk about seriousness of this method. 
Unfortunately laity but in some cases even specialist 
public still consider this method to be only orientatio-
nal measurement of engine’s parameters.  

In view of physical and metrological standpoint 
this method is highly accurate and excellently repeata-
ble; because it’s the only method unaffecting metering 
results with inherent waste and hysteressis, unlike for 
example a dynamometer. Accuracy of measurement of 
the angular acceleration that is principle of the method 
is dependent explicitly on accuracy of metering time 

Fig.2  Engine accelerationFig.1  Engine acceleration

Fig.3 Final graph of the engine’s power parameters measured with the additional moment of inertia 
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or more precisely on the time in which the crankshaft 
turns by the constant angle. Multiyear practical results 
reflect that measurement of time with accuracy appro-
ximately ± 5 [μ s] is sufficient for metering of power 
parameters of the whole engine.

Slightly other is the situation in determination of 
the value of moment of inertia of all rotating engine 
parts reduced on crankshaft. The significant argument 
of critics of this method is just determination of the 
value of moment of inertia and thus the easy possi-

Fig.4 Diagram of measurement moment of  inertia Fig.5  Measurement of moment of inertia flywheel with 
crankshaft

Tab.1 Measurement of time of one vibration

Measurement of time of ten 
vibration [s]

Engine’s flyweel
Engine’s flyweel with en-

gene’s crankshaft
Adittional moment of inertia

measurement  č.1 19.40 16.20 22.40

č.2 19.25 16.21 22.35

č.3 19.31 16.09 22.51

č.4 19.32 16.35 22.32

č.5 19.47 16.31 22.39

č.6 19.16 16.28 22.48

č.7 19.25 16.22 22.58

č.8 19.35 16.35 22.39

č.9 19.42 16.08 22.43

č.10 19.26 16.24 22.36

average time [s] 19.319 16.23 22.421

time of one vibration [s] 1.9319 1.623 22.42

Engine’s flyweel
Engine’s flyweel with 
engene’s crankshaft

Adittional moment of inertia

m mass [kg] 2.536 4.262 8.369

r  radius rotation [m] 0.0825 0.0825 0.0825

l   lenght of hangings [m] 1.638 1.638 1.638

Moment of inertia [kg.m2] 0.0113 0.0116 0.0434

Tab. 2 Result of moment of inertia

bility of non-serious influence on results metering. 
Because the value of moment of inertia is a constant, 
an appropriate mistake in its determination is signifi-
cant, but only systematic; it is not a random mistake 
of measurement.

Problems of stabilization of air fulfilling para-
meters and corresponding fuel quantity in dynamic 
regime are other discussed problems of metering of 
power parameters by the acceleration method. For 
completeness it is necessary to solve this problem 
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in turbocharged engines and in the most modern 
engines with a variable engine intake. But it is not 
an unsolvable problem. Except for this represented 
solution (increase of moment of inertia that prolongs 
accelerations) it is possible to use an alternative me-
thod of dynamic metering. For example the method 
of quasi-static metering that consists in stabilization 
of a loaded and speed engine closely before accele-
ration metering. Unlike the classic free acceleration 
this method doesn’t start with fast moving of the ac-
celeration pedal. Measurement of power parameters 
by the acceleration method in the quasi-static method 
comes after releasing the engine from load with the 
constant position of a throttle valve. This manner of 
metering enables stabilization the engine’s input pa-
rameters before acceleration metering and in addition 
to that in constant regimes it is possible to meter the 
engine’s output parameters e.g. emission and fuel 
consumption.

5. Conclusion

The additional moment of inertia that prolonged 
acceleration eliminated the considerable decrease of 
the torque in the engine’s characteristic under the low 
engine speed. The additional moment of inertia did 
not influence the advantage of the power parameters 
measurement by the acceleration method.

As it was remarked above it is evident that me-
asurement of power parameters by the acceleration 
method has several significant problems, which are 
inhibiting its expansion in maintenance practice. On 
the other side the method of free acceleration has many 
significant advantages. Other significant advantage, 
which results from principle metering, is unlimited 
range of measuring power parameters. 

6. References

[1]  Kadleček, B.: Dynamické testování výkonových parametrů spalovacích motorů. In: NDT Bulletin č. 2/2001 
(časopis ČNDT Česká společnost pro nedestruktivní testování  ročník 11 č. 2) s. 109-110, ISSN 1213-3825 

[2]  Kadleček, B., Pejša, L.aj.: Zpráva o výsledcích porovnávacího měření výkonových, ekonomických a ekologických 
parametrů 4 ks zážehových motorů, pohonných jednotek zahradních sekaček, Vypracováno na základě smlouvy 
o dílo č.: 04 01 29 / 31, Praha 2004, 31 s.

[3]  Kadleček B., Pejša L., Otto K.: Měření výkonu a spotřeby paliva při diagnostice vozidlových motorů. In: 
Sborník přednášek mezinárodní konference TD2000-DIAGON 2000 Zlín Academia centrum 12.4.-13.4.2000, 
VUT Brno Academia centrum Fakulty technologické ve Zlíně str. 143-148, ISBN 80-214-1578-9

[4]  Kadleček B., Pejša L., Růžička M.: The Comparison of Power, Economy and Ecological Parameters of Spark-
ignition Engine of Lawn Mowers, In: Maintenance and Reliability, Nr /2005, Vyd: Polish Maintenance Society, 
Warsaw, , v tisku , ISSN 1507-2711

[5]  Kadleček B., Pejša L., Dvořák F.: Possibilities of practical assessment of combustion engines parameters. 
In: MECCA 1/2005, Journal of Middle European, Construction and Design of CArs,  České vysoké učení 
technické, Praha. str. 39-46, ISSN 1214-0821 

**********
This paper is supported by:

1. Ministry of Education, Youth and Sports Czech Republic (project No. MSM6046070905).
2. Ministry of Transport Czech Republic (project No. 1F44G/092/120).

**********

Ing. Jan HROMÁDKO
Ing. Jiří HROMÁDKO
Doc. Ing. Boleslav KADLEČEK, CSc.
Czech University of Agriculture in Prague, Technical Faculty
Dept. of Vehicles and Ground Transport
Kamýcká 129, 165 21 Praha 6 – Suchdol; 
e-mail: janhromadko@tf.czu.cz
e-mail: hromadkojiri@tf.czu.cz
e-mail: jankadlecek@tf.czu.cz


