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A Novel Simplified Model of Dual Motor Belt Drive for Modern
Motorcycles and Low Speed Electric Vehicles

Abstract. Power transmission belt based dual motor drive becomes a future trend drive for modern motorcycles and low speed electric vehicles.
However, there are only few research studies on this drive system due to their relatively new and complexity. This paper proposes a new simplified
model for this power transmission belt drive of the dual motor electric vehicles. The proposed model was derived based on the mathematical and
mechanical-electrical characteristics of the system. The proposed model was evaluated via the simulation and validated in comparison with the
experimental vehicle and system prototype. The comparison results showed that the pro-posed model achieved good agreement for both steady
state and dynamic responses of the actual drive system. This model could be applied for the chain and direct shaft drive system as well, which will
be published in the next research papers.

Streszczenie. Naped dwusilnikowy oparty na pasie transmisyjnym staje sie przysztosciowym napedem dla nowoczesnych motocykli i pojazdéw
elektrycznych o matej predko$ci. Istnieje jednak niewiele prac badawczych dotyczgcych tego ukfadu napedowego ze wzgledu na ich stosunkowo
nowe | ztozono$¢. W artykule zaproponowano nowy uproszczony model tego napedu pasowego przenoszenia mocy w dwusilnikowych pojazdach
elektrycznych. Zaproponowany model zostat wyprowadzony na podstawie matematycznej i mechaniczno-elektrycznej charakterystyki ukfadu.
Zaproponowany model zostat oceniony za pomocg symulacji i poddany walidacji w poréwnaniu z eksperymentalnym pojazdem i prototypem
systemu. Wyniki poréwnania wykazaty, Zze proponowany model osiggnagt dobrg zgodnos$c¢ zaréwno dla stanu ustalonego, jak i odpowiedzi
dynamicznych rzeczywistego uktadu napedowego. Model ten moze by¢ réwniez zastosowany do ukiadu napedu taricuchowego i bezpo$redniego
watu, co zostanie opublikowane w kolejnych pracach badawczych. (Nowatorski uproszczony model podwdjnego napedu pasowego silnika dla

nowoczesnych motocykli i pojazdéw elektrycznych o niskiej predkosci)
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Introduction

Motorcycles are the most used motor vehicles in the
world compared to cars [1]. The power transmission chain
drive (PTCD) is the most commonly used drive for
motorcycles due to its relatively low cost and low power
transmission loss (typically 3%) [2],[3]. However, the PTCD
has some drawbacks in that it requires often maintenance
(typically 300-500 km for chain adjustment and lubrication)
[4]. Therefore, the less maintenance chain type such the O-
Ring type was developed (typically 10,000 km per one
maintenance); but it has relatively high cost [5]. More
preferable solutions regarding less maintenance required
(typically about 10,000 for regular checking and 70,000-
80,000 km for adjustment or replacing), cost effective, less
noises and cleaner systems would be the belt drive or the
shaft drive [6]. However, the shaft drive requires higher
power drive compared to the belt drive. This would lead the
belt drive to be the most attractive drive system in many
modern vehicles [7],[8].

However, heavy researches on the belt drive could be
conducted in order to eliminate the power transmission
losses to become more competitive compared to the chain
drive, as well as, higher power density (power per weight)
and fast dynamic responses. Therefore, many models of
the belt drive system and components are highly needed for
the preliminary studies and tests, in order to reduce the
design and pretest costs [9].

One of the possible ways to increase power density and
fast response for the belt drive, as well as, capability of
more flexible power management and longer motors’
lifetime would be by applying the other drives into it as
suggested in [10],[11]. However, when considering in terms
of capability of more flexible power management and longer
motors’ lifetime, the most suitable one would be by using
the dual motor drive system [12]-[13]; like its successively
used in many types of cars [14]-[17]. However, a clear
analytical model for this drive system has not been
available yet.
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The key part of the dual motor drive is the coupling part,
which is the core mechanical device of motorcycles or
electric vehicles (EVs) that joints the motor shafts to the
power transmission part and the vehicle’s body [18]. This
part is inherently complicated with many involved sub-
components; especially, when using for several motor
drives system such as dual motor drive systems [18],[19]. In
[19], the schematic diagram for the powertrain of the dual
motor with direct shaft drive is presented in Figure 1. The
first differential (D1) is composed of side gears 1 and 2
(SG1 and SG2), a carrier and planetary gears, and a ring
gear (RG) which outputs the torque. The torque is
transmitted through a reduction gear and from there to a
second differential (D2). This diagram was adapted and
used to develop the simplified model proposed in this
research.
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Fig.1. Schematic diagram of the propulsion module that shows the
internal component of the transmission (differentials and gear
reduction) and the motors, controllers, and embedded system
[181.[19]
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Development of the Proposed Model

Figure 2(a)-(b) presents the simplified schematic model
proposed in this research. The model was adapted from the
diagram presented in Figure 1. The two motors (left motor
and right motor with the subscript ML and MR) are now
represented by the moment of inertia. The motors are
connected to the first pulleys (left pulley 1 and right pulley 1
as 1L and 1R) and the first pulleys then transmit power from
motor to the second pulleys (left pulley 2 and right pulley 2
as 2L and 2R ) via the left belt and the right belt,
respectively. The power from the second pulleys is finally
transmitted through the front wheels as shown in Figure
2(b). The photograph of the proposed simplified model
prototype is illustrated in Figure 3.

a)

b)

Fig.2. The simplified model of the dual motor belt drive system
proposed in this research

Fig.3. Photograph of the proposed simplified dual motor belt drive
model.
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From Figure 3, two identical 764W induction motors
were used and developed a 1.5kW power drive model. The
model had a size with the width and length of 0.5 and 1.0
m, which is compact and ease to be used in the low cost
laboratory study.

Based in the research analysis in [20], where the
mechanical expression equations for the torque-speed
relationship as shown in the equation (1):

T,
1 T=—L+Jia)+ﬁa)
Kk, dr

where: J — equivalent system inertia, # — equivalent friction
coefficient, w — angular speed of the motor shaft s.

According to the simplified dual motor belt drive system
shown in Figure 2, the parameters of the left motor and the
right motor components are substituted into the equation
(1), which forms the equations (2) and (3):

T, d

(2) TML = kL’ML +(JML +JIL +J2L)d_a)ML +ﬁMLa)ML
G,ML t
T d

(3) TMR = kL’MR +('-]MR +JIR +J2R)d_wMR +:BMRC‘)MR
G,MR t

where: T,, — electrical torque of the left motor, 7,, -
electrical torque of the right motor, 7;,, — load torque of the
left motor , 7,,, — load torque of the right motor, J,, —
moment of inertia of the left motor, J,, — moment of inertia
of the right motor, J,, — moment of inertia of the first pulley
left side, J,, — moment of inertia of the first pulley right side,
J,, — moment of inertia of the second pulley left side , J,,
— moment of inertia of the second pulley right side, %;,, —
conversion ratios of the belt and pulley at left motor, &;,, —
conversion ratios of the belt and pulley at right motor, 3, —
friction coefficient of the left motor, g,, — friction coefficient
of the right motor, @, — angular speed of the left motor,
o,, —angular speed of the right motor

Define T, as the apparent torque of the drive system;
where. Ty, =Ty, + Ty This yields the equation (4):

T d
4) TMZ(ﬂJ'—(JML+J1L+J2L)ZWML+ﬂMLwMLJ

G,ML

T, d
+( = +(JMR +J1R +J2R)EQ)MR +ﬂMRwMR]

G.MR

As the conversion ratio between the belt and pulley is
identical (unity); therefore k;=1 and the equation (4) can be
simplified as (5)

d

(5) TM = (TL,ML +(JML +J1L +J2L)EwML +ﬂMLa)MLj
d

+ TL,MR +(JMR +J1R +J2R)EwMR +IBMRa)MR

As the wheels of the model do not contact to the floor for
this research observation; therefore, the friction force can
be ignored, by mean of f~0, and the terms in the equation
(5) can be further simplified as the equation (6).

285



d
(6) TM:(TL,ML+(]ML+]1L+]2L)EWMLJ

Ty I+ ) |

As the two motors share the same load torque
(Toa= Tpumr) While they move with the same speed as the
vehicle (.. = wuz). Thus, the equation (7) can be derived:

d
(7) T:’\/[:TL+(JML+J]L+J2L+JMR+J]R+J2R)E(0

where: 7, — total load torque of both motors, @ — angular
speed of both motors

If both motors are identical in shape, weight and size, as
well as, the first pulleys (1L and 1R) are identical while the
second pulleys (2L and 2R) are also identical, the terms
JML will be assumed to be equal to JMR. Similarly, J1L will
equal to J1R and J2L will equal to J2R, which yields the
equation (8);

®8) T, =TL+2(JM+J1+J2)%a)

where JM:JMRzJML: J[ =J1L=J1Rs and J2=J2L=J2R

From the equation (8), the angular velocity differential
equation can be derived as the equation (9):

T, -T,

@ Lo-_Tuh
dt 2(Jy, +J,+J,)

The mathematical model of the dual motor belt drive has

been now derived. Only the values of the physical

parameters Jy, J; and J, that could be determined as

follows:

Jy could be directly read from the motors' specific
datasheet, as equation (10):

(10) J,, = data {specification datasheet}

The pulleys has the flat cylindrical shape and thus J; and
J; could be derived as the equations (11) and (12):

1
(11) J, =5m1r12

(12)

_ 2
Jz =Smyn

Where: m,, m, — weight of pulley 1 and pulley 2, r, r, -
radius of pulley 1 and pulley 2.

In this research, dual three phase ac induction motors
were used. When implemented in the simulation program
base on the math mathematical equations of a three-phase
induction motor can be described in the stator fixed
reference frame (stationary frame) by voltage equations can
be written as follows [21]- [24] as expressed by equations

(13)-(19):
(13) [V ]=R[i"] +%[w§‘”°]

0 10
(14) [V ]=r[i?]+o, —01 3 g [Wﬂo}%[ ]
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3 . .
(19) Tg = EP(Waslﬂs _l//ﬂslas)

where: R, — stator resistance, R — rotor resistance, L, —
stator leakage inductance, L! — rotor leakage inductance,
L, — mutual inductance, L,

m

— stator winding leakage
inductance , L, — rotor winding leakage inductance, V7° —

stator voltage on ap-axis, V/”° — rotor voltage on af-axis,

ap0
s

af-axis stator current , i’ — j -axis rotor current, |

’ Cas

i

— a -axis stator current , /'

' far

— a-axis rotor current, i, — f -

axis stator current ,i;, — § -axis rotor current, i, — zero-

s

sequence stator current,i,, — zero-sequence rotor current,

27:0) _

we af -axis stator flux linkages, v’

\

— ap-axis rotor flux
linkages, v, — a-axis stator flux linkages, v/, — a-axis rotor
flux linkages, v, - f -axis stator flux linkages, ;. — p-axis
rotor flux linkages, v, — zero-sequence stator flux linkages,

v, — zero-sequence rotor flux linkages, @, - electrical

speed (rotor speed), T, — electromagnetic torque, P — pole
pairs.

Results and Discussion
A. Simulation Model

Figure 4 shows the overall simulation circuit diagram of
the simulation system under this research. The circuit
diagram composed of 2 three-phase ac power supply
sources, two motor modules and the proposed simplified
dual motor belt drive model. Figure 5 shows the zoomed-in
circuit diagram of the simplified model, which was
constructed by utilizing the derived equation (9) from the
previous section. Figure 6 shows the circuit diagram of the
motor module, which was used for both the left and right
motors. The motor module utilized the equations (13)-(19)
for
developing the simple block diagrams while the parameters
used for the simulation tests are presented in Table 1.
These parameters were extracted from the actual motors
used in the experimental prototypes and the drive system.
Both simulation model and the experimental test-rig were
tested on the open loop control mode so that the real
reaction and behaviour of the drive system could be directly
compared.

The moment of inertia of the motors (J,,) could be found
from the manufacturing datasheet, which was 0.0032 kg.m’
for this case study. The parameters in Table 1 were used to
determine the moment of inertia of the first pulleys and the
second pulleys by using the equation (11) and (12). From
Table 1, the radius of the first and second pulley were 3.81
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and 7.62 cm. while their weight were 0.3 kg. and 0.5 kg.,
respectively, when using the equations (11) and (12), the
resultant could be obtained as follows:

Jy=0.0032 kg.m’: J;=0.018 kg.m’ and J,;=0.015 kg.m’
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Fig.4. Simulation circuit diagram of the dual motor belt drive system
using MATLAB-Simulink.

Fig.5. Simulation circuit diagram of the proposed Simplified dual
motor belt drive using MATLAB-Simulink

Fig.6. Simulation circuit components of the Motor 1 and Motor 2
modules using MATLAB-Simulink
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Table 1. Test parameters and their values

Symbol values
R, 840Q
Rr 8.59Q
Ly 0.0292 H
L, 0.0438 H
L, 0.6958 H
P 2

Fir, V'IR 381 cm.

Ry, rar 7.6 cm.
m; 0.3 kg.
m, 0.5 kg.

B. Experimental Test-Rig

Figure 7 presents the experimental test-rig used for the
validation of the proposed simplified dual motor belt drive
system.

Fig.7. Experimental Test-rig for the dual motor belt drive in the
laboratory study.

C. Test Results

Figure 8 shows the speed-time characteristics curves
obtained from the tests of the simulation model (MATLAB-
Simulink) and of the experimental test-rig under the open
loop control. It can be seen that the proposed simplified
model provides similar dynamic result to the experimental
test-rig. However, there is some error during the start of the
simulation which is the consequential result of the
simplification; where the internal friction torque (8~0) was
assumed to be ignored. The more precise model could be
therefore taken into consideration for dynamic response
study. However, for the steady state study, the simplified
model could provide similar result to the experimental test-
rig, as shown in Figures 9 and 10; where the stator current
and the motor current obtained from the simulation model
and experimental test-rig are presented.

Speed-time curves
1600 T T T T

1500
1400

1000

e experiment speed
= simulation speed

o 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18
time(sec)

Fig.8. Comparison of speed-time curves between the simulation
and experimental test-rig of the proposed dual motor belt drive.
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Stator current obtained from simulation Motor1
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Fig.9. Stator current for both motors obtained from (a) MATLAB-
Simulink simulation and (b) experiment test-rig.

Conclusions

The Simplified Model of Dual Motor Belt Drive prototype
for the 1.5 kW dual motor drive system was constructed and
then used to verify the feasibility of the model. The test
results for the motor current and motor speed values were
compared between the simulation results and the
experimental test results confirmed that the proposed model
provided similar performance and characteristics to the one
used in the experimental.
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