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The motion storage characteristics as the indicator of stability
of internal combustion engine - receiver cooperation
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1. Introduction

The basic problem of the diagnosing process of
operation state of drive sources, which are internal com-
bustion engines, is to assume such diagnostic parameter or
indicator, which can let the exact clarification of the stable
work range and unstable work range. It is worth emphasis-
ing, that the internal combustion engine generates the
torque at specified rotational speed, at given load. The re-
presentation of abilities of engine - receiver cooperation
are individual torque values 7; and corresponding to them
angular speeds ; (rotational »;), from which it is able to
designate the power of the engine P;, kW at required points

Eq. (1).

P =T o P =T 2an,. (1)

Having the power values, or torque, and hence the
engine characteristics, it is hard to clearly estimate the cor-
rectness of the engine - receiver cooperation.

In final stage, the engine characteristics (exter-
nal), given by measurement e.g. on the chassis dynamome-
ter, can be the base to vehicle tractional characteristics
designation (Fig. 1).

7
—o— gear [
61 —o— gear I[I 1
51 —— gear III |
—— gear [V
o gl —e— gear V |
E
S 3¢
2,
],
0

0 20 40 60 80 100 120 140 160 180
v, km/h
Fig. 1 Sample calculation tractional characteristics of the

vehicle with LPG powered engine: a - acceleration,
v - speed

As can be seen in Fig. 1, due to fluctuations of the
torque generated by the engine, the vehicle dynamics is
largely unstable. For now, the lack of the unambiguous
coefficients characterizing the specific estimation of en-
gine - receiver cooperation is occurred.

2. Basic parameters and coefficients of internal
combustion engine

In the case of indicators such as power, torque, ro-
tational speed, fuel consumption and exhaust gas composi-
tion, their estimation and compliance with values declared
by manufacturer, or required by homologation regulations,
concern mostly some ranges, largely only chosen points on
the characteristics designated in research process.

The other indicator showing the vehicle tractive
and operational abilities is elasticity coefficient E (Eq. (2)),
which is the factor of the torque elasticity e,, and rotational
speed elasticity (range) e, [1]. In general case it shows the
capability of adaptation to variable loads and rotational
speeds.
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where T, is maximum torque value, Tp,,, is torque value
at maximum power, #p,,, is rotational speed value at max-
imum power, Mz, i rotational speed value at maximum
torque (Fig. 2).
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Fig. 2 Sample external characteristics of the Seat Toledo
1.9 TDi engine designated on the load chassis dy-
namometer ( E =1.2891x1.8279 =2.356)

The elasticity values of the petrol and older type
diesel engines are showed in [2], while in [3, 4] there are
newer generation engines, also alternatively liquefied pe-
troleum gas (LPG) powered.

The fluctuations of angular (rotational) speed dur-
ing experiments [5] can be significant parameter. They are
result of the uniqueness of the various engine work circula-
tion, characterized by run irregularity coefficient (Eq. (3)).
In Fig. 3 there is the histogram of the engine run irregulari-

ty.
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where Ag, is angular acceleration fluctuations, ¢ is crank-
shaft angle of rotation.
14
12
10

d, %

S DA~ O

LU, s

Fig. 3 The histogram of the engine run irregularity:
d - distribution [5]

During whole vehicle consideration the accelera-
tion times on various gears are designated, e.g. on IV gear
from 60 to 100 km/h and on V gear from 80 to 120 km/h
(at five-speed gearbox).

Presented in a comp way, selected specific quanti-
ties allow the diagnostic estimation of the engine, e.g. bas-
ing on the chassis dynamometer study during external
characteristics designation. However, it cannot be excactly
described, basing on them, the engine - receiver coopera-
tion. That implies the attempt of adaptation the parameter,
which is the motion storage characteristics, for purpose of
diagnosing the engine - receiver cooperation at specified
load and speed conditions.

3. Objects and methodology of the research

As research objects the sample internal combus-
tion engines population representatives were selected, of
various power systems: petrol, diesel and LPG. Basic tech-
nical data are set in Table 1.

The research was run on load chassis dynamome-
ter with load balancing LPS 3000 Maha (Fig. 4), where the
external characteristics were designated, i.e., full
powercharacteristics, at full-open throttle, and partial speed
cha-

Fig. 4 Sample vehicle during designation of the external
indicators on the LPS 3000 Maha chassis dyna-
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mometer

racteristics as well. On dynamometer LPS 3000 working in
load mode, continuous test, the cycle during the measure-
ment is realized at constant acceleration, rad/s> assumption

(Eq. (4)).

do
& =——=const .
dt

(4)

Sample external characteristics (full power) de-
signated on dynamometer LPS 3000 are presented below

(Fig. 5).
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Fig. 5 The external characteristics designated on the LPS
3000 MAHA chassis dynamometer: a) Toyota Yaris
1.0 — petrol powered; b) Skoda Octavia 1.9 TDi —
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diesel powered; ¢) VW Golf II 1.8 16V — LPG po- wered
Table 1
The setting of the analyzed vehicles and their data
Type model Toyota Yaris 1.0 [6] Skoda Octavia 1.9TDi [7] Volkswagen Golf 11 1.8 16V [§]
Displacement 998 cm® 1896 cm® 1781 cm®
Maximum power/ rotational speed 51 kW/ 6000 rpm 82 kW/4150 rpm 102 kW/6100 rpm
Maximum torque/rotational speed 90 Nm/ 4100 rpm 235 Nm/ 1900 rpm 168 Nm/4600 rpm
Power system multi-point fuel injection unit injectors LPG II generation
Charge - turbocharged -
Catalytic converter + + +
Mileage 15000 km 125000 km 280000 km
Designated characteristics are for comparing pur-
pose, basing on them it can be estimated, whether the en- 8000 ‘ ‘
gine reaches values of such indicators as power and torque 7000 | N pf:trol
at specified speeds according to the manufacturer’s decla- . diesel
. 6000 +
rations.
Basing on characteristics designated in such a » 5000 F
way, it is hard to conclude the correctness of the engine — E 4000 &
receiver cooperation (in this case — friction force of the N 3000
braking rolls) throughout the whole range of the rotational i
speed and load range, which is represented by power and 2000 f
torque values. 1000 &
0

4. The motion storage as a diagnostic parameter

The motion storage term, which up to now was
used in bipedal human locomotion estimation [9, 10] was
decided to be adapted to internal combustion engine con-
servative evaluation, taking into account the periodicity
and complexity degree of processes occurring there, lated
to mixture explosion, elements inertia, friction, etc.

In general case, the motion storage characteristics
Z;, kW/s can be defined as the product of instantaneous
values of power P; and corresponding to them rotational
speed values #»; (5).

Z, =P n, . (%)

Setting on one graph (Fig. 6) the dynamometer re-
search results, there are differences visible in motion stor-
age values for specified sorts of power system. This im-
plies that motion storage can distinguish individual vehicle
groups, what will be the topic of next stage in research in
greater groups representing vehicles population.

The variability of motion storage values in rota-
tional speed function was designated by linear regression
(least squares method). In Eq. (6) as significant parameter,
which can be the base to conservative analysis of engine,
the slope coefficient a was considered.

Z, =an, +b. ©)
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Fig. 6 The motion storage characteristics designated from
external characteristics: Toyota Yaris 1.0 — petrol
powered (“petrol” index), Skoda Octavia 1.9 TDi —
diesel powered (“diesel” index), VW Golf II 1.8
16V — LPG powered (“LPG” index)

Comparing the values of elasticity of studied en-
gines with motion storage characterizing coefficients, a
correlation is visible (Table 2). The a coefficient, which
states about the motion storage, is responsible for adaptive
abilities of the vehicle during acceleration and related to
this motion resistance increase. Otherwise, in the case of
elasticity, where there are considered abilities to instanta-
neous load changes (Fig. 1, Eq. (1)), but also the external
characteristics must be considered from the maximum
power side — on the contrary.

The research showed that the diesel powered ve-
hicle (Table 2) is characterized by the highest value of
elasticity coefficient (2.335) and motion storage (115.565).
However, the range of the rotational speed limits the field
of the usage in relation to petrol and LPG powered en-
gines.

Table 2

The setting of the elasticity calculations results and linear regression coefficients used for evaluation the motion storage for
different fuel delivery systems

Motion storage
Sort of power Elasticity Slope a, kW Regression coefficient Coefficient
system E b x10°, kW/s of determination R’
Petrol 1.427 73.222 -2.230 0.997
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LPG 1.949 97.800 -2.280 0.999
Diesel 2.335 115.565 -2.959 0.994
80 140 special algorithms of engine control, and shows abilities of
1135 chassis dynamometer measurement in vehicle operational
70 1130 aspect. Besides the parameters given by manufacturers as
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Fig. 7 The external characteristics of the VW Golf II 1.8 40 ¢ 1100
16V LPG powered engine, with LPG delivery sys- 20 90

tem adaptation (“LPG” index), without LPG deliv-
ery system adaptation (“LPG1” index)
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Fig. 8 The motion storage characteristics of the VW Golf 11
1.8 16V — LPG powered

Additional tests were run, whose purpose was to
show the motion storage characteristics applicability in
conservative analysis. In the case of LPG powered engine
(Fig. 7), beside the test described in Fig. 6 the additional
test was run, i.e. without adaptation of LPG system (instant
powering fuel change petrol-LPG and following test of
external characteristics designation).

Analyzing the motion storage characteristics pre-
sented in Fig. 8 the significant dispersion over the model
trend line is visible, which shows improper engine — re-
ceiver cooperation. In LPG powered engine motion storage
characteristics (Fig. 8) the 3 areas of unstable (of different
degrees) cooperation with receiver are visible. The first
part (4) can be result of the chassis load adaptation in the
beginning of the test and its initial regulation. Part B is the
range of visible differences (instability) resulting in reduc-
ing the tractive abilities (jerking, irregular acceleration).
Part C shows proper cooperation, in next stage in D range
occurs “break of power”, where due to safety considera-
tions the test ends, for fear of power unit damage.

In this aspect it is seeking for capabilities of using
motion storage characteristics in reference to engine —
receiver cooperation estimation, especially in variable load
conditions. It can be necessary to build and correction of
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Fig. 9 Partial speed characteristics of BMW E36 vehicle
engine (M50B20) at different power degrees (100,
75,50, 30)%

normative, it can be considered by motion storage about
correctness engine — receiver cooperation.

Also attempted to set the elasticity and motion
storage coefficients values for simulated operational wear
case. For this purpose the following partial speed charac-
teristics were designated for BMW E36 vehicle engine
(M50B20) at different power degrees (100, 75, 50, 30)%.
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Fig. 10 Comparison of the elasticity and motion reserve

coefficients of the BMW E36 vehicle engine

(M50B20) at different degrees of powering (100,
75, 50, 30)%

Setting on one graph (Fig. 10) values of elasticity
and motion reserve coefficients in simulated operational
wear conditions, the diagnostic correctness of the second
one was proved. By gradually lowering the powering de-
gree of the engine the E values increase, while a decrease,
so the usage of the a coefficient in conservative evaluation
of the engine seems to be more reliable.

5. Conclusions



1. Presented method of motion storage character-
istics usage in relation to engine — receiver cooperation
estimation allowed the initial diagnosis. Basing on this, the
sort of fuel powering can be distinguished and also the
rotational speed ranges can be indicated, where the dis-
turbance of traction stability can be predicted in vehicle
equipped in studied engine. The legitimacy of the designa-
tion of the subject characteristics coefficient in evaluation
the operational wear degree.

2. The following work will be run for clarification
the formula describing the motion storage, because initially
the slope was considered as the determinant of tractive
abilities of the engine, but the basis of the engine — receiv-
er cooperation evaluation in various load conditions was
not defined.

3. The open question is to precise the motion stor-
age parameter value in conservative evaluation of the en-
gine, by inclusion the range over the model trend line. In
following research the attempt of approximation the mo-
tion storage by additional formula based on coefficients
related to the surface state, or uniqueness of internal com-
bustion engines cycles will be run.
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VIDAUS DEGIMO, VARIKLIO SAVEIKAUJANCIO SU
APKROVIMO IR REGISTRAVIMO JRENGINIU,
STABILUMO IVERTINIMAS PAGAL JO GALIOS
GREITINE CHARAKTERISTIKA

Reziumé

Straipsnyje aprasomas vidaus variklio, sgveikau-
jan¢io su apkrovimo ir registravimo jrenginiu, stabilumo
vertinimas pagal jo galios greiting charakteristikg. Rem-
damiesi vaziuoklés dinamometro, pritaikyto jvairiy galiy
jégos sistemoms, iSorinémis charakteristikomis pabandyta
pritaikyti pasitilytajj vertinimg. Pradiné analizé parodé, kad
aptartos charakteristikos ypa¢ naudingos i$plésta adaptaci-
jos cikla turintiems LPG (liquefied petroleum gas — sus-
kystintosios dujos) varikliams. Be to, taikant tarpines grei-
¢io charakteristikas ir skirtingas variklio apkrovas, kurios
imitavo eksploatacinj nusidévéjima, buvo nustatytos jo
darbo stabilumo svarbiausios charakteristikos ir elastingu-
mo koeficientas. Tai parodé, kad galios greitinés charakte-
ristikos analizé yra tinkamas vertinimo kriterijus, jo krei-
vés nuolydis leido nustatyti variklio energinius parametrus,
o kita vertus, jvertinti jo ir apkrovimo ir registravimo jren-
ginio sgveikos stabiluma.

D. Szpica, J. Piwnik, M. Sidorowicz

THE MOTION STORAGE CHARACTERISTICS AS
THE INDICATOR OF STABILITY OF INTERNAL
COMBUSTION ENGINE - RECEIVER COOPERATION

Summary

In the article the attempt of using the motion stor-
age characteristics was showed, to estimation of internal
combustion engine - receiver cooperation. Basing on the
external characteristics designated on chassis dynamome-
ter, for various variants of power systems, it was tried to
apply for applicability of proposed indicator. Initial analy-
sis confirmed the usefulness of subjected characteristics,
especially in the case of alternatively powered by LPG
engines with extended adaptation cycle. Additionally, by
using partial speed characteristics of the engine by various
power degree, which simulated degrees of operational
wear, the significant parameter of the motion storage char-
acteristics was set with commonly used in engine - receiver
analysis parameter, which is elasticity coefficient. The set-
ting showed the legitimacy of designation the motion stor-
age characteristics, whose the slope lets on one hand to
evaluate the energetic parameters, on the other hand - to
assess the engine - receiver cooperation stability.

Keywords: internal combustion engine, characteristics,
motion storage.
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