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1. Introduction 

Heavy duty trucks are frequently used to serve in 

transportation, military or fire extinction missions. Last few 

decades have witnessed the increasing attention to technol-

ogies of heavy duty vehicle powertrain systems. These tech-

nologies are focused on both conventional powertrain [1] 

and hybridization [2] of conventional vehicles. Powertrain 

system modeling and simulation of conventional heavy duty 

trucks have the potential to improve the existing system per-

formance. The main goal of modeling and simulation of 

powertrain is to improve the traction performance and fuel 

economy by redefining each system component’s properties 

and detecting its suitability of vehicle operating conditions. 

Mathematical model of vehicle powertrain system 

can have carried out by dynamic [3] or quasi static [4,5] ap-

proach based on longitudinal vehicle dynamics [6,7,8] equa-

tions. When a part of system is interested for the determina-

tion of dimensioning or strength, the powertrain model can 

be arranged for one or a couple components of all system 

[9]. But the calculation of efficiency (overall), consumption 

(energy, fuel) and performance (traction, acceleration) of 

vehicle are needed to set up full model of powertrain system. 

For instance, analysis of vehicle and powertrain dynamics 

with an automatic gearbox was implemented [9] for the de-

termination of vehicle velocity and engine speed versus 

time. Speed and moment requirements of automatic gearbox 

components such as sun gear and pinion gear are determined 

the analysis either. Energy efficiency analyses of a vehicle 

was simulated [10] by using powertrain model for all system 

according to vehicle velocity profile named drive cycle.  

Tao et al. [11] focused on automatic transmission model and 

applied evaluation models for heavy duty vehicle perfor-

mance. Meng et al. [12] investigated the control of auto-

matic transmission by using engine to wheel powertrain 

model for heavy duty vehicle. Input parameters are charac-

teristic map of engine and hydrodynamic torque converter 

characteristics.   

8x8 heavy duty truck has two power module at the 

rear side of vehicle including diesel engine, hydrodynamic 

torque converter and automatic transmission. The hydrody-

namic torque converter is a major component among of all 

which affects driving performance [10]. Required power is 

transferred from engines to transmissions and engine torque 

is also increased by torque converter. The increasement can 

arrange according to engine operational area. For better ve-

hicle performance and fuel economy, torque converter pa-

rameters are determined correctly. Correct torque converter 

parameter determination means greater operational area of 

the converter curves inside the engine torque curve. To 

show the effects of torque converter, two different designs 

that have different operational area, are integrated into 

powertrain model individually. The study compares the re-

sults of traction performances according to a drive cycle. 

Drive cycles can be utilized to predict vehicle per-

formance, fuel consumption and exhaust emissions. New 

European Drive Cycle (NEDC), Urban Dynamometer Driv-

ing Schedule (UDDS) and Federal Test Procedure (FTP-75) 

are used as standard drive cycle for reaching and testing leg-

islative boundaries about vehicle design [10,5]. Heavy Duty 

Urban Dynamometer Driving Schedule (HD-UDDS) is de-

veloped for heavy duty vehicles. The load on the wheels are 

calculated to simulate driving resistance on the vehicle such 

as rolling, aerodynamic and acceleration resistance and 

powertrain simulations are performed on HD-UDDS cycle. 

Essentially, this paper is aimed to investigate the effects of 

torque converter characteristic on the result of vehicle per-

formance and fuel consumption by the drive cycle analysis 

of the 8x8 heavy commercial vehicle powertrain. 

2. Powertrain of 8x8 heavy duty vehicle 

The powertrain components have been consisted 

on two diesel engines, two automatic gearboxes with torque 

converters, drive shafts, summation box, transfer box, four 

differential and eight reduction units in axles which are 

shown in Fig. 1. Each diesel engine has maximum 425 kW 

power at 1600 rpm and 2800 Nm torque at 1100 rpm. Seven 

speed automatic gearbox is located after hydrodynamic 

torque converter. Output drive shafts from the automatic 

gearboxes are connected with each other into the summation 

box. Propulsion is transferred after summation box via drive 

shaft to a transfer case and it transmits the torque to differ-

entials. Differential distributes torque to the wheels and 

planetary system inside the wheel hub increases it as the last 

reduction from engine to tire road contact. 

2.1. Torque converter alternatives for powertrain 

Torque converter assembly is composed of three 
major components [10]. Impeller is the input element of 
converter which is attached directly to the engine and turns 
at engine speed. A stator changes the direction of flow inside 
the torque converter and torque is transferred to the turbine 
as a result of the induced flow from the impeller and stator 
[13]. Characteristic of torque transferring depends on di-
mensions of each component, shape of blades and volume 
of torque converter.  
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Fig. 1 8x8 Heavy duty vehicle powertrain 

Different transferring characteristics of torque con-
verter effect the torque ratio im and capacity factor k. Both 
of them are the function of torque converter speed ratio in. 
Capacity factor is also depending on fluid density, torque 
coefficient and effective diameter of torque converter. 
Torque ratio, speed ratio and impeller test moment MP,test are 
achieved by constant test speed np,test. Constant test speed 
was arranged at 1000 rpm in the test bench. Capacity factor 
is described by the function of speed ratio as: 

 

 
2

P ,test

n

p ,test

M
k i .

n
  (1) 

 
Impeller moment MP, which is called as the input 

torque of the torque converter, is changed by impeller speed 
(np), which is called as input speed of the torque converter. 
The equation is given as: 

 

  2

P n p
M k i n .  (2) 

 
The steady-state turbine moment-output moment 

of torque converter MT and turbine speed-output speed of 
torque converter nT can be presented as follows:  

 

T P m
M M i ,  (3) 

 

T P n
n n i .  (4) 

 
Output torque MT is transferred at output speed nT 

of torque converter from an engine to the automatic gearbox 
unit smoothly. The torque converter unit is also multiples 
the input torque especially in low engine speeds according 
to its characteristics of capacity factor and torque transfer 
ratio. Therefore, two different type hydrodynamic torque 
converters are integrated into powertrain model separately 
for comparison of the performance results of the vehicle. 
Torque converter alternatives called Design 1 and Design 2, 
have different torque ratio im and capacity factor k. The char-
acteristics of the two design options are shown in Fig. 2 as 
function of speed ratio in of torque converter. The main dif-
ferences of converter alternatives are explained as the De-
sign 2 has lower torque ratio (1.673) than Design 1 (1.829), 
however, test moment of impeller and capacity factor are 
higher in Design 2 torque converter.    

Experimental impeller speed and numerically cal-
culated impeller speed (Eq. (3)) are compared for the torque 
converter of Design 1 in Fig. 3. Speed characteristics of both 

numerical and experimental results show progressive form 
at increasing turbine speed at the range of 2200 rpm and 
1700 rpm. This comparison for Design 1 torque converter is 
considered as verification of moment transfer from engine 
to gearbox.   

 

 
 

Fig. 2 Torque converter characteristics of two different 

types (Design1 and Design 2) 

 
 

Fig. 3 Comparison of impeller speeds at design 1 

Design 1 and Design 2 are caused different mo-
ment output from torque converter although same engine are 
using at the powertrain system. Moment outputs at torque 
converter of both designs are calculated in Eqs. (3-4). Out-
put moments are compared in Fig. 4 for both Design 1 and 
Design 2 alternatives. The comparison shows clearly that 
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the output moment is higher in Design 2 than Design 1 be-
cause of the difference of their torque ratio (im). 

Torque ratio and capacity factor are affected on op-
erational impeller moment inside the engine moment curves 
also. Engine operational area are restricted with impeller 
moments at maximum and minimum speed ratio (in=0 and 
in=1). Engine torque-speed characteristic and operational 
area of torque converter designs are shown in Fig. 5. Mo-
ment requirements that caused from tire road interactions 
are supplied by restricted area (black for design 1 and red 
for design 2). 

  
 

Fig. 4 Output moments of torque converter designs 
 

 
 

Fig. 5 Operational  area of torque converter designs inside engine torque curves

2.2. Longitudinal driveline dynamics of vehicle  

The modelling of powertrain is especially useful 
for determination of performance characteristics such as 
grading and accelerating, but they are strongly depending on 
the measurements for experimental verification [3]. An in-
termediate model which includes comprehensive theoretical 
model and simulation on a drive cycle without experiment 
is preferred in heavy duty vehicle industry because of finan-
cial anxiety. The powertrain model is presented in this pa-
per, based on the following assumptions: 

 The model taking into account the longitudinal mo-
tion only. 

 Slipping of tire is ignored and adhesive coefficient 
of the tire-ground contact assume sufficient for traction and 
barking. 

 Each element is regarded as discrete system. 

 System vibration and damping are ignored. 

 Dynamic tire radius assumed constant.  
Engines of the vehicle have to produce required 

power in order to overcome resistance forces and losses of 
propulsion system for the continuity of motion. Resistance 
forces consist of rolling resistance force FR and air re-
sistance forces FL in no grade road conditions.  Additionally, 
with vehicle move up grade, grading resistance FSt and un-
der acceleration conditions, acceleration force Fa occurs. 
Those resistance forces can be expressed by: 

 

R R
F m g f ,  (5) 

 

St
F m g sin ,  (6) 

 

21

2
L W

F A C V ,  (7) 

 

a
F m a,  (8) 

 
where m is total mass of vehicle, g is the gravity of acceler-
ation, fR is the rolling resistant coefficient, δ is the slope an-
gle of the road, ρ is the density of air, CW is aerodynamic 
coefficient of the vehicle, A is projection area of vehicle, V 
is the velocity of vehicle, λ is the coefficient of the effect of 
rotating masses and a is acceleration of vehicle.  

In two power module (engine-torque converter-
gearbox) turbine moment (Eq. (3)) is transferred to gearbox 
depends on drive ratio τGB at the same time for maximum 
traction effort. Output moments of gearbox MGB are 
summed inside the summation box. Summation box princi-
ple is shown in Fig. 6. Gearbox output shafts connected the 
gears with speeds of nGB1 and nGB2 and moments of MGB1 
and MGB2 (red in Fig. 6) which is gear teeth numbers repre-
sented as z1 and z2. Gear ratio of summation box τSB is rep-
resented in Eqn. 9. 

 

3 3

1 2

SB

z z
,

z z
    (9) 

 
where z3 is the output gear teeth (green in Fig. 6). At the 
output speed of nSB, expression of output moment of sum-
mation box MSB: 
 

2
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Fig. 6 Summation box principle (red; input gears, green; 

output gears)  

Vehicle performance is determined by traction 
force diagram which is calculated torque and speed transfer 
from the engine to wheels. Using with torque converter out-
put moment MT, at various gear stages (represented by sub-
script i) moments on traction tires FTi are defined as: 

 

i

i

T GB SB TB A T

T

dyn

M
F ,

r

    


 (11) 
where τGB is the ratio of transfer case, τA is the ratio in axles 
(including differential ratio and reduction on wheel hub) and 

ηT is the overall mechanical efficiency of powertrain model. 
Mechanical efficiency which is expressed in below includes 
gearbox ηGB, summation box ηSB, transfer case (ηTB) and re-
duction in the axles ηA. Parameters and coefficients about 
vehicle are shown in Table 1.  

 

T GB SB TB A
.      (12) 

 
Table 1 

Parameters of vehicle 

Symbol Value Unit 

m (loaded) 43870 kg 

m (unloaded) 25000 kg 

g 9,81 m/s2 

ρ 1,228 kg/m3 

A 8 m2 

CW 0,55 - 

rdyn 728,7 mm 

ηT 0,86 - 

 
Drive ratios of powertrain components and their 

mass moment of inertia are presented in Table 2. Speed and 
torque reduction are implemented in 7 speed transmission 
τGBi, summation box τSB, transfer box τT and inside of four 
driven axles τA (differentials and wheel hubs). Torque con-
verter reduction ratio is defined in Fig. 2 before and it is not 
shown in Table 2. Driven axles have same gear ratio as 5.46.  

Table 2 

Drive ratios and mass moment of inertia of powertrain components  

 

Gearbox 

1. Gear 2. Gear 3. Gear 4. Gear 5. Gear 6. Gear 7. Gear 

Drive Ratio 5,6 3,43 2,01 1,42 1 0,83 0,59 

Mass Moment of Inertia [kgm2] 1,18 1,02 0,92 1,04 1,58 1,47 2,73 

 

Torque Con-

verter 

Summation 

Box 

Transfer 

Box 

Axles 

1. Axle 2. Axle 3. Axle 4. Axle 

Drive Ratio - 1,06 0,97 5,46 5,46 5,46 5,46 

Mass Moment of Inertia [kgm2] 2,07 1,22 1,41 0,35 0,49 0,47 0,35 

To complete defining the traction force curve, con-
version of angular velocity of torque converter output nT to 
vehicle speed at various gear stages Vi can be expressed by:  

 

2 3 6

60
i

T dyn

i

GB T SB A

n r .
V .



   
  (13) 

3. Longitudinal driveline dynamics of vehicle  

Traction force curve of heavy duty vehicle are 
calculated by Eqs. (11) and (13) for seven speed gearbox. 
Maximum tractive force curve is determined by the 
assumptions of: 

 Gear shifting times are depending on theoretically 
usage of maximum traction force.  

 Gear shifting process is applied in pre-determined 
engine speed that is related to intersection point of traction 
curves in each gear numbers.   

Maximum tractive force area for grading and 
accelerating is defined as the area between traction curves 
and ressistive forces on tires in straight motion. Rolling and 
air ressitance (Eqs. (5, 7)) forces are effected on tire in 
straight motion of vehicle. Vehicle can use the area as 
reserve forces for accelerating and climbing which are the 
most crucial performance characteristics of a vehicle. Fig. 7 

shows the maximum traction forces for usage of design 1 
torque converter, reserve forces area and ressistive forces. 
Maximum reachable speed of vehicle is also determined by 
finding the point of equal maximum force and ressistive 
force value (black and red line). 

Acceleration capacity of vehicle is expressed by 
the derivation of speed by time. When reserve forces are 
used for accelerating the dynamic equilibrium of the accel-
eration is written  

 

T R L

i

F F FdV
a ,

dt m 

 
   (14) 

where λi is the coefficient of the factor of rotating masses as 
mentioned before which is changed with gear shifting. The 
definition of λi is given by: 
 

1 ired

i

dyn

,
m r


    (15) 

 
where θred i is the reduction mass moment inertia of all 
powertrain components to tire rotating axis and rdyn is the 
dynamic rolling radius of tire. With the consideration of all 
gear ratios and components, θred i is evaluated  
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(16)

 

 
where θE, θTC, θGB, θSB, θTB and θR are presented the mass 
moment of inertia of engine, torque converter, gearbox, 
summation box, transfer box and tires respectively. θR is 
taken 81,9 kgm2 for each tire. The values of gear ratios and 
mass moment inertias are presented in Table 2.  

 

 
 

Fig. 7 Reserve forces on traction tires (black; maximum 

traction force curve, red; ressistive forces-FR and FL)  
 
Effect of the integration design 1 and design 2 type 

hydrodynamic torque converters to powertrain model on ac-
celerations of vehicle are calculated by Eq. (14).  Accelera-
tion capacities of the vehicle for loaded and unloaded oper-
ating conditions in various vehicle speeds are presented in 
Fig. 8. Results are clearly showed that acceleration capacity 
of unloaded operation is always higher. Torque converter 
type design 2 yields better performance on vehicle acceler-
ation.   

Acceleration time results of the heavy duty vehicle 
are calculated by using reserve forces and arranged by 
Eq. (14). Times for acceleration of the vehicle are expressed 
as: 
 

0

maxV

i

T R L

m V
t dV ,

F F F




 
  (17)  

 
where Vmax is the maximum velocity of vehicle that is deter-
mined with solution of maximum traction force and re-
sistance force curves illustrated in Fig. 7, FT is the maximum 
traction force of vehicle which is shown as example for 
torque converter of design 1. FR represents rolling resistance 
force and FL is the air resistance force. Results are shown in 
Fig. 9 for both torque converter types and operating load 
conditions. Difference of acceleration times between the us-
ages of torque converter types are clear especially in loaded 
operation. Depending on the exerting torque from design 1 
and 2 types of torque converters, accelerating time is higher 
with using of Design 2 than Design 1.  

 

 
 

Fig. 8 Acceleration performance results of the vehicle 
 

 
 

Fig. 9 Acceleration times of the vehicle 

 
4. Drive cycle simulation and discussions  
 

HD-UDDS drive cycle is as standardised driving 
pattern, which has been developed by The United State En-
vironmental Protection Agency (EPA) Urban Dynamometer 
Driving Schedule (UDDS) for chassis dynamometer testing 
of heavy duty vehicles [8]. It is mostly uses for the calcula-
tion of fuel consumption and exhaust emissions. Driving 
patterns are composed of specific speed trajectories over 
time which are included constant speed periods, accelera-
tion and deceleration phases [14]. HD-UDDS drive cycle 
are used in the vehicle industry for determination of vehicle 
performance in real world driving conditions for heavy duty 
vehicle. In this work the HD-UDDS are chosen for the case 
study. Speed profile of HD-UDDS drive cycle is shown in 
Fig. 10, a and required gear ratio on transmissions are illus-
trated in Fig. 10, b. Characteristics of the cycle are ex-
pressed as; duration is 1060 seconds, distance is 8.9 km, av-
erage speed is 30.4 km/h, maximum speed is 93.3 km/h and 
idle time are 353 s for 14 number of stops. Gear ratio is cal-
culated by using Eq. (13) and traction force curve on tires 
which is illustrated in Fig. 7. Gear positions of seven speed 
gearbox are determined according to differences between 
the maximum reserve forces and total resistance force on 
vehicle traction tires. Required torque on summation box is 
split two equals for transmission unit. Devices before the 
summation box (gearboxes, torque converters and engines) 
are worked synchronously during the drive cycle.  
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a b 

Fig. 10 Speed profile of drive cycle HD-UDDS (a) and related gearbox ratios during drive cycle (b) 

 

                                                  a                                                                                              b 

 

                                                  c                                                                                              d 

Fig. 11 Simulation results of acceleration requirements for loaded (a) and unloadaed (c) vehicle and moment requirements 

for loaded (b) and unloadaed (d) vehicle HD-UDDS 

 
To compare the effects of torque converter on 

heavy duty vehicle powertrain model, drive cycle simula-
tions were performed by using HD-UDDS cycle. Required 
moment on torque converter Mrequired,TC during the test cycle 
is defined: 
 

 

2
i

R L a dyn

requied ,TC

GB SB TB A T

F F F r
M .

    

 
  (18) 

 

Speed requirement at the torque converter nre-

quired,TC is expressed as: 

60

2 3 6

icycle GB T SB A

required ,TC

dyn

V
n ,

r .

   




  (19) 

 

where Vcycle is the speed of vehicle that is defined by test 

cycle.  

Acceleration requirement because of HD-UDDS 
speed profile can be calculated by Eq. (14). Output moment 
of torque converter and maximum acceleration capacity of 
vehicle were given in Figs. 4 and 9. before. Acceleration and 
moment requirement points in related speed must be smaller 
than capacitive curves of them. Achievement of test cycle 
speeds is ensured by that. Fig. 11 shows the acceleration and 
moment requirement and their comparisons with torque 
converter designs (Design 1 and Design 2) for both loaded 
and unloaded conditions of the vehicle. In loaded operating 
condition that is showed in Fig. 11, a and b, required accel-
eration and moment higher than their maximum capacities.  
It shows that the vehicle cannot reach the speed values of 
test cycle when vehicle is fully loaded. Difference between 
torque converter selections are clearly shown in unloaded 
vehicle operation. Torque converter moment output for de-
sign 2 seems enough to achieve test cycle speeds in Fig. 11, 
d. However, design 1 of torque converter moment output is 
under two required operating points. 
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Additionally, fuel consumption of a heavy duty ve-
hicle is crucial as well as vehicle performance. Fuel con-
sumption of the vehicle can be investigated by using specific 
fuel consumption data of engine which is shown in Fig. 12. 
Consmption data is given for engine speed and power in 
g/kWh unit.  

Engine operating points during the test cycle speed 

profile were found by using Eqs. (2), (3) and (4) with the 

torque convertes data which is given in Fig. 2. Engine 

moment requirements conversation from the required 

moment of torque converter which was calculated by 

Eq. (18) and shown in Fig. 11, can be considered the same 

procedure with creating power output curve of the torque 

converter. 

The operating points give moment requirements 

MEng and speed requirements nEng of the engine. The 

formulation of power requirements PEng of the engine is 

expressed as: 

9549

Eng Eng

Eng

M n
P .  (20) 

 

Drive cycle simulation for fuel consumption of the 

vehicle is implemented and the results are shown in Fig. 13 

for the Designs 1 and 2 of torque convertors. 
 

 
 

Fig. 12 Fuel consumption data of the engine 

 

  
 

Fig. 13 Fuel consumptions of unloaded vehicles equipped 

with different designs of torque converters   

 

Spesific fuel consumptions are pointed during HD-

UDDS drive cycle for one engine. The simulation is carried 

out for the unloaded vehicle and the results are obtained 

from acquirable operational points of torque converter 

designs. It meants that the comparisations of fuel 

consumptions with torque converter Designs 1 and 2 consist 

same number of operation points.  

Specific fuel consumption result indicates that 

although some points are higher in design 2 rather than 

design 1, 204 g/kWh average fuel consumption are occurred 

in design 1 which is less than 196 g/kWh consumption in 

design 2.   

 

4. Conclusion  

 

This paper has introduced a heavy-duty fire truck 

powertrain, integrating two different types torque converter 

designs (Design 1 and 2) to provide better performance and 

less fuel consumption by increasing operational area of 

engine. Powertrain model of vehicle is presented for the 

simulation by using HD-UDDS drive cycle.   

Performance results consist maximum acceleration 

and acceleration time from 0 km/h to its maximum speed. 

Additionally, effects of torque converter designs on fuel 

consumption of vehicle are investigated. Performance 

results were given both loaded and unloaded mass of 

vehicle. However, many points was not achieved to drive 

cycle requirements for loaded condition that is clearly 

shown in Fig. 11 (points above the curves in Fig. 11, a and 

b). Therefore, fuel consumption results were given just 

unloaded conditions of vehicle to provide more accurate 

evaluations.  

The results and prospects are summarized through 

the investigations of the effects of design 1 and 2 types 

torque converters as follow: 

 Maximum acceleration capacity can be increased 

5% by using Design 2 type torque converter. 

 Although, loaded vehicle can reach from 0 to 100 

km/h speed in 43.14 s with Design 1 type torque converter, 

Design 2 type provides 36.97 s. The acceleration time can 

be reduced 14.5% with the usage of Design 2. 

 The acceleration time of unloaded vehicle from 0 

to 100 km/h speed is 22.56 s in Design 1. But, 19.64 s 

accelerated time can be provided with Design 2 which is 

reduced  12.9% the time for needed.  

 4% fuel consumption savings can be obtained with 

Design 2 for coworking two engines.  

 Power reuirements of HD-UDDS drive cycle can 

be achived by only Design 2 type in unloaded condition 

which is clearly shown in Fig 11, d.  

This results leads to the conclusion that the 

powertrain analysis and simulation can use the investigation 

of the effects of component characteristics. In this paper, 

different torque converter characteristics in terms of Design 

1 and Design 2 are investigated. The study can be extended 

to evaluate on cost or comfort of vehicle by using this 

method in future works.  

References 

1. Keller, A.V.; Gorelov, V.A.; Anchukov, V.V. 2015. 

Modeling truck driveline dynamic loads at differential 

locking unit engagement, Procedia Engineering, 129: 

280-287. 

http://dx.doi.org/10.1016/j.proeng.2015.12.063. 
2. Bishop, J.D.K.; Stettler, M.E.J.; Molden, N.; Boies, 

A.M. 2016. Engine maps of fuel use and emissions from 

transient driving cycles, Applied Energy, 183: 202-217. 

http://dx.doi.org/10.1016/j.apenergy.2016.08.175. 

0

100

200

300

400

500

600

700

800

900

1000

0 200 400 600 800 1000

Sp
ec

if
ic

 F
u

el
 C

o
n

su
m

p
ti

o
n

 [
g

/k
W

h
]

Time [s]

Design - 1
Design - 2

http://dx.doi.org/10.1016/j.apenergy.2016.08.175


 239 

3. Awadallah, M.; Tawadros, P.; Walker, P.; Zhang, N. 
2017. Dynamic modelling and simulation of a manual 

transmission based mild hybrid vehicle, Mechanism and 

Machine Theory, 112: 218-239. 

http://dx.doi.org/10.1016/j.mechmachthe-

ory.2017.02.011. 

4. Comellas, M.; Pijuan. J.; Potau, X.; Nogues. M.; 

Roca. J. 2012. Analysis of a hydrostatic transmission 

driveline for its use in off-road multiple axle vehicles, 

Journal of Terramechanics, 49: 245-254, 

http://dx.doi.org/10.1016/j.jterra.2012.07.003. 

5. Fröberg, A.; Nielsen, L. 2008. Efficient Drive Cycle 

Simulation, IEE Transactions on vehicular technology 

57(3): 1442-1453. 

https://doi.org/10.1109/TVT.2007.907310. 

6. Reimpell, J.; Stoll, H.; Betzler, J.W. 2002. The Au-to-

motive Chassis: Engineering Principles, Warrendale, 

PA.: Society of Automotive Engineers, 298 p. 

7. Mashadi, B.; Crolla, D. 2012. Vehicle Powertrain Sys-

tems, A John Wiley & Sons, Ltd., Publication, 538p. 

https://doi.org/10.1002/9781119958376. 

8. Raslavicius, L.; Kersys, A.; Makaras, R. 2017. Mana-

gement of hybrid powertrain dynamics and energy con-

sumption for 2WD, 4WD, and HMMWV vehicles, Re-

newable and Sustainable Energy Reviews, 68: 380-396. 

http://dx.doi.org/10.1016/j.rser.2016.09.109.  

9. Nunney, M.J. 2007. Light and Heavy Vehicle Technol-

ogy, 4th Edition, Butterworth-Heinemann Elsevier, 671 

p. 

10. Davari, M.M.; Annika, J.J.; Trigell, A.S. 2017. En-

ergy efficiency analyses of a vehicle in modal and tran-

sient driving cycles including longitudinal and vertical 

dynamics, Transportation Research Part D, 53: 263-275. 

http://dx.doi.org/10.1016/j.trd.2017.04.019.  

11. Tao., G.; Wu, M.; Meng, F. 2016. Online performance 

evaluation of a heavy-duty automatic transmission 

launching process, Mechatronics, 38; 143-150. 

http://dx.doi.org/10.1016/j.mechatronics.2015.12.008.   

12. Meng., F.; Tao, G.; Chen, H. 2015. Smooth shift con-

trol of an automatic transmission for heavy-duty vehi-

cles, Neurocomputing, 159; 197-206. 

http://dx.doi.org/10.1016/j.neucom.2015.02.004. 

13. Naunheimer, H.; Bertsche, B.; Ryborz, J.; Novak, W. 
2011. Automotive Transmissions Fundamentals, Selec-

tion, Design and Application, 2nd Edition, Springer-Ver-

lag Berlin Heidelberg, 716 p.  

14. Kouroussis, G.; Dehombreux, P.; Verlinden, O. 2015. 

Vehicle and powertrain dynamics analysis with an auto-

matic gearbox, Mechanism and Machine Theory 83: 

109-124. 

http://dx.doi.org/10.1016/j.mechmachtheory.2014.09.0

09. 

15. Gao, Z.; Curran, S.J.; Parks, J.E.; Smith, D.E.; Wag-

ner, R.M.; Daw, C.S.; Edwards, K.D.; Thomas, J.F. 
2015. Drive cycle simulation of high efficiency 

combustions on fuel economy and exhaust properties in 

light-duty vehicles, Applied Energy, 157: 762-776. 

http://dx.doi.org/10.1016/j.apenergy.2015.03.070.  

16. Kim, B.S.; Ha, S.B.; Lim, W.S.; Cha, S.W. 2008. 

Performance Estimation Model of A Torque Converter 

Part I: Correlation Between The Internal Flow Field and 

Energy Loss Coefficient, Int. Journal of Automotive 

Technology, 9(2); 141-148.  

http://dx.doi.org/10.1007/s12239-008-0018-5. 
17. Suh., B.; Frank, A.; Chung, Y.J.; Lee, E.Y.; Chang, 

Y.H.; Han, S.B. 2011. Powertrain system optimization 

for a heavy-duty hybrid electric bus, Int. Journal of 

Automotive Technology, 12(1); 131-139. 

http://dx.doi.org/10.1007/s12239−011−0017−9.    
18. Roberts, N.; Dempsey, M.; Picarelli, A. 2013. Detailed 

powertrain dynamics modelling in Dymola – Modelica, 

7th IFAC Symposium on Advances in Automotive Con-

trol, Tokyo, Japan. 

https://doi.org/10.3182/20130904-4-JP-2042.00111. 

19. Genta, G. 2006. Motor Vehicle Dynamics Modeling 

and Simulation, World Scientific Publishing, 524 p. 

20. Heisler, H. 2002. Advanced Vehicle Technology, 2nd 

Edition, Butterworth-Heinemann Elsevier, 654 p. 

21. https://www.epa.gov/vehicle-and-fuel-emissions-test-

ing/dynamometer-drive-schedules#vehicleDDS 

(accessed 09.08.2017). 

22. Karaoğlan, M.U.; Kuralay. N.S. 2015. Theoretical Ap-

proach for Modeling and Simulation of Electrical Pas-

senger Car Powertrain System, 1st Int. Conference on 

Engineering and Natural Sciences ICENS, Skopje, Mac-

edonia. 

 

 

M. U. Karaoğlan, Y. Vatansever, N. S. Kuralay 

 

SIMULATION OF 8x8 HEAVY DUTY TRUCK FOR 

EVALUATING EFFECTS OF TORQUE CONVERTER 

CHARACTERISTICS ON VEHICLE PERFORMANCE 

S u m m a r y 

This paper investigates the powertrain system of an 

8x8 heavy duty vehicle through the integration of two cou-

ple of diesel engine with automatic transmission as power 

sources for evaluating the vehicle performance. The primary 

goal of this paper is to show the effects of torque converter 

selection on acceleration performance and fuel consumption 

of the vehicle. To achieve this goal, powertrain system sim-

ulation carried out by using two different torque converter 

individually according to Heavy Duty Urban Dynamometer 

Driving Schedule (HD-UDDS) drive cycle. Torque con-

verter alternatives (design 1 and design 2) are chosen con-

sidering operational area in moment characteristics of the engine. 

A mathematical model of powertrain system is implemented 

based on longitudinal dynamics of vehicle motion in HD-

UDDS cycle. Required moments on torque converter during 

the motion of test cycle are compared for converter alterna-

tives and loading condition of vehicle. Fuel consumption re-

sults are also compared by using fuel consumption data and 

required power in the engine. Results demonstrate that the 

increase in acceleration performance and traction ability of 

vehicle can be obtained by selection of torque converter cor-

rectly. 

 

Keywords: powertrain model, heavy duty vehicle, torque 

converter, drive cycle. 
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