The 30" SIAR International Congress of Automotive
and Transportation Engineering

SCIENCE AND MANAGEMENT OF AUTOMOTIVE
AND TRANSPORTATION ENGINEERING

S.M.A.T. 2019

Proceedings

Editors:

Dumitru Ilie
Racila Laurentiu Daniel

CRAIOVA, October 23-25, 2019

EDITURA UNIVERSITARIA
Craiova, 2019



CONGRES INTERNATIONAL DE MECANICA S.M.A.T. 2019

organizat de

FACULTATEA DE MECANICA

Departamentul de Autovehicule, Transporturi si Inginerie Industriala

Editori:
Ilie DUMITRU
Laurentiu RACILA

Comisia de recenzie:
Nicolae CRACIUNOIU
Ilie DUMITRU
Nicolae DUMITRU
Victor OTAT
Laurentiu RACILA
Adrian ROSCA
Daniela TARNITA

Colectivul de redactie:

Augustin CONSTANTINESCU
Nicolaec CRACIUNOIU

Ilie DUMITRU

Nicolae DUMITRU

Lucian MATEI

Alexandru OPRICA

Oana OTAT

Victor OTAT

Copyright © 2019

Toate drepturile sunt rezervate editorilor

Ileana PASCU

Gheorghe POPA-MITROI
Laurentiu RACILA
Adrian ROSCA

Loreta SIMNICEANU
Daniela TARNITA

Mario TROTEA

Dragos TUTUNEA

Descrierea CIP a Bibliotecii Nationale a Romaniei
Proceedings of science and management of automotive
and transportation engineering / ed.: Ilie Dumitru,

Laurentiu Daniel Racila. - Craiova : Universitaria, 2019

Contine bibliografie
ISBN 978-606-14-1547-2

I. Dumitru, Ilie (ed.)

II. Racila, Laurentiu Daniel (ed.)

62



HONORARY COMMITTEE

Daniela BURGHILA

Nicolae BURNETE
Anghel CHIRU
Adrian CLENCI

George-Adrian DINCA
Radu DINESCU

Nistor DUVAL

Mihail GENOIU
Giinther HOHL

Stefan KANYA
Murli IYER

Eugen NEGRUS

Attila PAPP

Gigel PARASCHIV
JTan PEARSON

Ion PRIOTEASA

Gheorghe-Alexandru RADU

Gabriel SICOE

Alexander SIMIONESCU

Cezar lonuf SPINU
Cornel STAN

General Director
General Directorate of Higher Education Ministry
of National Education

Professor at Technical University of Cluj-Napoca
Professor at Transilvania University of Brasov

Professor at University of Pitesti — President of Society
of Automotive Engineers of Romania

General Manager of Romanian Auto Registry

Secretary General of The National Union of Road
Haulers from Romania

Chief State Inspector at State Inspectorate for Road
Transport Control

Mayor of Craiova City

Former President of European Automobile Engineers
Cooperation

General Manager of AVL Romania

Executive Global Advisor of SAE International
and FISITA Vice President

Honorary President of Society of Automotive Engineers
of Romania

Executive Director of Magic Engineering Brasov
Professor at University Politehnica of Bucharest
President of Ford Romania

President of Dolj County Council

Professor, Member of Academy of Technical Sciences
of Romania

President of Romanian Automobile Manufacturers
Association

General Director of Renault Technologie Roumanie
Rector of the University of Craiova

Professor at West Saxon University of Zwickau,
Germany



SCIENTIFIC AND TECHNICAL COMMITTEE

President of the Scientific and Technical Committee:

Prof. Dr.-Eng. Cornel STAN West Saxon University of Zwickau,

Germany

Board Members:
Prof. Dr.-Eng. Cristian Nicolae University "Politehnica" of Bucharest,
ANDREESCU Romania
Prof. Dr.-Eng, Nicolac BURNETE Technical University of Cluj-Napoca,

Romania
Prof. Dr.-Eng. Anghel CHIRU Transilvania University of Brasov, Romania
Prof. Dr.-Eng. Marco CECCARELLI  University of Cassino and South Latium, Italy
Prof. José Vicente COLOMER Polytechnic University of Valencia, Spain
FERRANDIZ

Prof. Dr.-Eng. Stéphane FONTAINE ENS Arts et Metiers - ParisTech, Metz, France
Prof. Dr.-Eng. Nicolac DUMITRU University of Craiova, Romania

Prof. Dr.-Eng. Nicolae ISPAS Transilvania University of Brasov, Romania

Prof. Dr.-Eng. Dan MARGHITU Auburn University Alabama, USA

Prof. Dr.-Eng. Alessandro MONTI University of Florence, Italy

Prof. Dr.-Eng. Branislav University of Belgrade, Serbia

POPKONSTANTINOVIC

Prof. Dr.-Eng. Edward RAKOSI ”Gheorghe Asachi” University of lasi,
Romania

Prof. Dr.-Eng. Edmond RICHER Southern Methodist University, Dallas, USA

Prof. Dr.-Eng. lon TABACU University of Pitesti, Romania



CONGRESS MANAGEMENT
Congress Chairmen

Prof. Dr.Eng. Nicolae DUMITRU
Dean of the Faculty of Mechanics, University of Craiova, Romania

Prof. Dr. Eng. Victor OTAT
Vice-President SIAR, University of Craiova, Romania

President of the Scientific and Technical Committee

Prof. Dr.Eng. Cornel STAN
West Saxon University of Zwickau, Germany

Executive Advisor — Global SAE International

Vice President Murli IYER
FISITA - Americas and Africa

President of Society of Automotive Engineers of Romania (S.1.A.R.)

Prof. Dr.Eng. Adrian CLENCI
University of Pitesti, Romania



ORGANIZING COMMITTEE

President of the Organizing Committee:

Ilie DUMITRU
Board Members:

Dinu COVACIU

Minu MITREA

Marin BICA

Adrian Sorin ROSCA
Nicolae CRACIUNOIU
Laurentiu Daniel RACILA
Cristian COPILUSI
Dumitru NEAGOE
Tica BEBE

Gabriel BENGA

Ileana Cristina PASCU
Mihai DEMIAN

Danut SAVU

Oana OTAT

Lucian MATEI

Dragos TUTUNEA
Alina DUTA

Dragos Laurentiu POPA
Gelica STANESCU
Loreta SIMNICEANU
Augustin CONSTANTINESCU
Mihaela BUCULEI
Gheorghe POPA
Monica PANA

Mario TROTEA
Stefanita CIUNEL
Theodor OPRICA
Ionut Daniel GEONEA
Catalin MARINESCU
Alexandru BOLCU
Paul FIRA

Cristian Alin MIC

University of Craiova, Romania

Transilvania University of Brasov, Romania

SIAR General Secretary, Romania
University of Craiova, Romania
University of Craiova, Romania
University of Craiova, Romania
University of Craiova, Romania
University of Craiova, Romania
University of Craiova, Romania
University of Craiova, Romania
University of Craiova, Romania
University of Craiova, Romania
University of Craiova, Romania
University of Craiova, Romania
University of Craiova, Romania
University of Craiova, Romania
University of Craiova, Romania
University of Craiova, Romania
University of Craiova, Romania
University of Craiova, Romania
University of Craiova, Romania
University of Craiova, Romania
University of Craiova, Romania
University of Craiova, Romania
University of Craiova, Romania
University of Craiova, Romania
University of Craiova, Romania
University of Craiova, Romania
University of Craiova, Romania
University of Craiova, Romania
University of Craiova, Romania
University of Craiova, Romania
University of Craiova, Romania



PREFACE

The International Congress S.M.A.T. 2019 (Science and Manage-
ment of Automotive and Transportation Engineering) is held under
the higher patronage of Ministry of Education of Romania.

It’s the XXXt edition of this International Congress.

By the collaboration inside S.I.A.R. (Society of Automotive Engineers
of Romania), this Congress represent the effort of the academic peo-
ples and researchers from the main romanian universities centers, Bu-
charest, Brasov, Craiova, Cluj-Napoca, Pitesti and Timisoara.

The congress topics are focused on novel, most challenging issues
on automotive and transportation, providing both field-related engi-
neers and researchers within the industry and/or the academic envi-
ronment the possibility to track down topical issues disseminated via
the congress papers. Public presentation of papers enables the attend-
ants to initiate and active participate in cross-fertilizing dialogs that
can lead to new interdisciplinary projects and cooperation partner-
ships.

The main purpose of the S.M.A.T. 2019 Congress it's to offer to all
researchers and specialists in automotive field a large discussion envi-
ronment, a place to present the newest achievements in scientific re-
search and innovation activities, within the topics:

MAdvanced Powertrain and Propulsion
BRoad Vehicles and Environment

BModern Transport Systems and Road Traffic
MAdvanced Engineering Methods

BMaterials and Technologies

The congress aims is to bring together academics, researchers, en-
gineers and other specialists from the large field of automotive engi-
neering and road transport, to foster some of their latest achievements
and generate opportunities for further collaboration. Both plenary ses-
sions and scientific sections will focus on the high quality of the submit-
ted papers. Presentations will be mediated by leading moderators. We
are glad to receive academics, researchers, engineers and other spe-
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cialists within automotive engineering and road transport, students
and anyone interested to attend our congress.

The congress topics underpin the latest trends and scientific devel-
opment directions within the field of automotive and transport fields.
The target audience will benefit from the most innovative solutions put
forward by the submitted papers, within the field of automotive and
transport, and further collaboration and professional networking op-
portunities that reside in this congress.

The congress has a long historical progress, S.M.A.T. 2019 being the
XXXt edition. Over the time, the congress topics has been actualized
permanently, one of the organizers targets being the international vis-
ibility and the continued increase of the scientific content of the pa-
pers.

Many remarkable romanian and international researchers from au-
tomotive and transports engineering will be present to the Congress.
During the Congress acts a scientific student contest will be organized,
and also a roundtable with social and economic representatives, about
security, safety road and urban logistic.

The social, economic, technical and scientific impact of Faculty of
Mechanics activities, a pillow of University of Craiova, is finding in a
large area of scientific and technical achievements of students, gradu-
ates and researchers of this Faculty, all around the world.

Editors
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Aspects Relating to Operation of Transmission Provided
with Torque Converter

Ion Lespezeanu, Daniela Voicu, Andrei Indres, Marin Nicolau, and Ion Copae

Military Technical Academy “Ferdinand I”’, Bucharest, Romania

Abstract. The paper presents some aspects regarding the mathematical modeling
of the hydromechanical transmissions operation and a study of the dynamics of
the vehicle. The characteristics of the torque converter and transmission with au-
tomatic gearbox type XC200-5C from Allison are established. Also there are pre-
sented performance curves for the internal combustion engine linked with this
transmission. Static characteristic modeled with analytical expressions are part
of the initial database for the dynamic study of the vehicle within the work.

Keywords: torque converter, gearbox, mathematical model, vehicle dynamics

1 Introduction

Modern torque converters have two main roles: increasing torque transmitted from the
engine and efficiency when operating in a hydro clutch mode (without changing the
engine torque).

Figure 1 shows a torque converter comprising the following elements: pump (1),
stator (2), turbine (3), lock clutch assembly with oscillation absorber (4), housing (5),
grooved hub (6) and single-way clutch (7) [6].

Fig. 1. — Torque Converter



2 Torque converter’s characteristics

Torque converter transforms torque from the pump, acting as hydraulic reductor, due
to stator’s location between pump and turbine. The torque converter has some important
characteristics presented below.

The transformation ratio kh (or dynamic transmission ratio) is defined as the ratio
between turbine shaft’s torque Mt and pump shaft’s torque Mp:

M
ky = M—; (1)

The kinematic transmission ratio ih represents the ratio between pump shaft’s speed np
(or angular speed wp) and turbine shaft’s speed nt (or angular speed wt):

. n
lh:n_i:_ ()

The energy efficiency of torque converter [1h is given by the ratio between turbine
shaft’s power Pt and pump shaft’s power Pp:

Py _ Miwg

Mh = 3)

Pp  Mpwyp

From relations (1) and (2) results:
1 o
77h=kha=khlh “4)

Where represents the reverse kinematic transmission ratio.
In fig.2 and fig. 3 the static characteristic of the torque converter of the transmission
X200-5C is presented. Generally they are called as exterior characteristics of torque

converter [5].
3500 __Exterior characteristic of torque converter - torque at pump and turbine shaft
f I [~e—Torque at pump shaft M,

|~e—Torque at turbine shaft M |
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Fie. 2. — Exterior characteristic of toraue converter — toraue at pump and turbine shaft



Based on the experimental data obtained for the X200-5C transmission, the the effi-
ciency of the torque converter is shown in Fig. 3a.

Figure 3b shows the variation of the transformation ratio. It can be seen that the
maximum value of the transformation ratio is 2.63, which is achieved when the vehicle
starts up.

Torque converter exterior characteristic - effi and ratio
a) Torque converter efficiency b) Transformation ratio
1 | | f 3 |——Transformation ratio curve
1 * Experimental data
Ty =0-9898 28+ ]

085+

1y (ky=1)=0.85

06 F

0.2r

——Efficiency curve
* Experimental data

0 0.2 0.4 06 0.85 1
i

Fig. 3. — Torque converter exterior characteristic — efficiency and transformation ratio

3 Internal combustion engine performance curves

Figure 4 shows the static characteristic of the engine with which the X200-5C hydro-
mechanical transmission is coupled.

Internal combustion engine performance curves - torque and power

a) Engine torque b) Engine power
1400 JiEngine torg - ) Engine p
Engine torque curve P «232.4 kW |~ Engine power curve
i e Exgermenlal data S * _Experimental data
M, rax=1211.9 Nm 231 | o 1
12007
200
1000 A
3
800 = 150
E
a
600
100
400
B
8
200 : ; : 50 : ; 2
1615 1700 1900 2200 2444 1515 1700 1900 2200 2444
n_, [ro¥min] n_, [roVmin]

Fig. 4. — Internal combustion engine performance curves — torque and power
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4 Transmission’s static characteristic.

The static characteristic of the transmission consists of graphs of torque, power and
energy efficiency of transmission output shaft, in different gears. So in fig.5 and fig.6
torque Mtr and power Ptr of output shaft from transmission in different gears are pre-
sented, in the case when the torque converter is not locked (i', # 1).

Torque at transmission output shaft in different gears, torque converter not locked(i, #1)

pa—. a) Depending on engine speed . ; . b) Depending °"' 1S
£ =i L st genr
- 2nd goar * 2nd goar
—w-3rd goor = 3rc goar
14000 *4th gear 14000 - 4th gear
4 Reverse gear . 4 Reverse gear
12000 12000

0 500 1000 1500 2000 2500
n, [rot/min]

Fig. 5. — Torque at transmission output shaft in different gears, torque converter not locked

Power at transmission output shaft in different gears, torque converter not locked (i; +1)

a) Depending on engine speed b) Depending on i}
=0 f |~e—1st gear
(—=—2nd gear
|~*—3rd gear

- 4th goar
4~ Reverse gear

0 500 1000 1500 2000 2500 3000
n, [rot/min]

i H

Fig. 6. — Power at transmission output shaft in different gears, torque converter not locked

Similarly, in Fig. 7 are presented the torque and power of the output shaft of the trans-
mission in different gears where torque converter is locked (i’ # 1).



Torque and power at the output shaft of the transmission in different gears, torque converter locked (i, =1)

a) Torque

4000

T o= isgeer 200 . |=e=tstgear
~~2nd goat ~=—2nd goat
~o— 314 Gear =300 goar
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3000 150 -
2500
100 -
= 2000~ =
E
3 2
2 1500 =
50
1000
500
0
0
-500 * -50
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Fig. 7. — Torque and power at output shaft of the transmission in different gears, torque con-
verter locked

Fig. 8 shows the variation of transmission efficiency [Jtr in different gears in the case
when the torque converter is not locked, and in fig. 9 the power that converts to heat

Pctr in this case.
a) In functie de turatie b) In functie de inversul raportului de transmitere

80 80
70 70
60" 60"
50/ 50
£ =
= 40 = 40
= =
30 30
20| —o—Treapta| 20 o~ Treapta|

—e—Treapta Il

o Treaptall —s Treapta Il

10 —»—Treapta lll 10~
—%—Treapta IV —*—Treapta IV

—&— Treapta inapoi —&— Treapta inapoi
0 500 1000 1500 2000 2500 3000 0 0.2 0.4 0.6 0.85 1
n, [rot/min] i G

Fig. 8. — Torque converter efficiency in different gears, not locked



a) In functie de turatie b) In functie de inversul raportuh.ﬁ de transmitere

200;
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Fig. 9. — Power turned into heat in different gears, torque converter not locked

5 Vehicle dynamics

For the study of the internal combustion engine dynamics, we are resorting to the first
order differential equations [2; 4]. For this purpose the static characteristics of the en-
gine and transmission, as well as the various construction parameters of the vehicle are
used.

Next we will use the mathematical model used by Matlab to solve the equation sys-
tem (5) [7]. The system of differential equations is:

{]mp(bm =Mm_Mp} (5)
Jy®y = itf(Mtr - M,

In addition to the previously used variables: Jmp - moment of inertia of the engine and
pump reduced to the axis of the input shaft in the torque converter; Jv - the moment of
inertia of the vehicle reduced to the crankshaft axis; itf - transmission ratio of the final
transmission; Mr - the moment of resistance to movement.

To solve the system (5), we will use the Matlab Simulink modeling scheme where
the dynamics study can be done by taking into account the driver's action by simulating
acceleration and braking.

In the system of differential equations (5) the static characteristics presented above
and the analytical expressions based on them are used. For example, we present the
analytical relationship determined for the torque used to drive the pump:

M, = —0.000049w¢, + 0037w3, — 10.514w?, + 1322.066w,, — 60852.356  (6)

The graphs in figures 10, 11 and 12 are thus obtained with the functional variables
mentioned in each case.



Determining the analytical expression of the static characteristic in the plane Mp:f(mm)

1200 T T T
—Valori initiale
——Valori din modelul matematic
1000~ b
Eroare la dispersie: 0.28%
800 )
Eroare la medie: 0.00%
E
£ 600- .
o
=
400~ B
Mp= '0‘000049(";+0'037"'rsﬂ'10'514(’&“” 322.0660 -60852.356 (1
200~ —
| I | 1 | 1 |
?50 160 170 180 190 200 210 220 230 240 250 260
o [rad/s]

Fig. 10. — Analytical expression of the static characteristic in the plane M, = f(wy,)

Study of vehicle dynamics with hydromechanical transmission - vehicle speed and torques

a) Vehicle speed
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Fig. 11. — Study of vehicle dynamics with hydromechanical transmission — vehicle speed and
torques

Study of vehicle dynamics with hydromect

a) Inverse transmission ratio
1 T T T T T
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Fig. 12. — Study of vehicle dynamics with hydromechanical transmission — parameters and
speeds
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6 Conlcusions

In the paper the static characteristics of the internal combustion engine and the auto-
matic transmission were modeled based on experimental data.

Using vehicle dynamics equations and analytical relations of the static characteris-
tics of the engine and transmission, the speed of the vehicle was determined.

The maximum speed determined based on the mathematical modeling proposed in
the paper has a value of 58.9 km / h, a value very close to the value obtained by real
vehicle testing.

The theoretical study based on experimental data can be a way of assessing the dy-
namic performance of the vehicle.
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