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Abstract
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2. Introduction
A duty cycle of a recreational off-road buggy is critically analysed to determine the forces the vehicle
outputs at the wheels. The duty cycle is adjusted accordingly to create a representative outlook on
the extreme duty cycle that the vehicle will undergo. Using this data, the forces that is acting upon
the wheel is identified through the drivetrain so a hybrid system can be selected to replace the
standard internal combustion engine. This is at the request of a off-road buggy company that
targeting this buggy to the recreational and cooperate entertainment sector. The buggy in questing
is a 150cc automatic buggy that can accommodate two passengers. This buggy is relatively small, so
the challenge is to fit all of the required components into this buggy with the limited space. A image
of the buggy is below:

Figure 1image of Buggy (Storm Buggies, n.d.)

A series hybrid system would be used on the buggy as previously stated. This particular hybrid
system is the main type of hybrid system due to the engine being so small causing it to have a small
carbon footprint. In essence this system is mainly driven by a electric motor which is powered
directly from the battery. This is supported by Van Vliet, Kruithof, Wim, & Faaij, who states that:
“The electric motor in a series hybrid car can be installed as a central motor, using a gearbox and
differential like a regular car, like in the Volt. Alternatively, electric motors can be installed in the
hubs of the wheels of the car, like in the Volvo C30 Recharge and Hi-Pa Drive Ford F150 concept cars
and e-Traction busses and trucks. The latter drivetrain does not require the use of a gearbox because
the larger diameter allows wheel motors to deliver sufficient torque” (Van Vliet, Kruithof, Wim, &
Faaij, 2010) The system then uses an internal combustion engine (ICE) to spin a generator which
charges the battery. This in essence is a range extender which ensure that the vehicle can go further
than just the battery alone. This system uses little fuel because there is little load on the engine
|
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increasing fuel economy. Other system of the series plugin hybridis a plug in where it utilizes a
external charger to charge the battery. Due to the business aspect, the costing of each component’s
needs to be evaluated to ensure that the cost is justified so that the final cost of the product is
reasonable to ensure that the buggy will sell.

3. Methodology

A duty cycle is utilised to identify the forces the vehicle outputs. Using this data can allow for a
suitable powertrain to be selected. Using the previous excel spreadsheet created, specific
parameters were altered due to some aspects being unrealistic, not high enough or equations being
flawed. Aspects altered is as follows; track length altered from 100m to 1300m, track altitude is
changed from 2m to 22m to properly evaluate gradient tractive effort, acceleration is reduced to a
reasonable number and the vehicle weight is altered to account for the driver and passenger.
Without these initial alterations, the forces calculated would be in valid. As done previously the track
remains the same as evident by figure 2 which illustrates the track shape. The track is designed to
have a fast section, combined with a large gradient and multiple corners to ensure the vehicle
experiences start and stop conditions. Below is the track configuration.

Off-road Buggy Track

Section 1: |}
Section 2:
Section 3:

Figure 2Track Used in test
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With the track data, vehicle velocity and the vehicle parameters imputed, the acceleration and
gradient are calculated using formulas 1 and 2. These values are calculated per second the vehicle is

run.

e Acceleration
Equation 1 Acceleration

Accleration = Change in velovity + Time (seconds)

s Gradient

Equation 2 Gradient

Gradient = TAN (altitude) + Distance

Once the acceleration and gradient are identified, the forces acting upon the vehicle can be
calculated which is known as tractive effort. Tractive effort can only be found by identifying the
knows forces acting upon the vehicle and adding them together. Equation 3 is the aerodynamic
resistance which is calculated by identifying the front cross-sectional area which is identified by the
vehicle width and Height. The coefficient of friction which is a specified unit for dirt (Appendix 1).
The density of air is a standard unit also which is measured at sea level. The acceleration resistance
is calculated by identifying the mass of the vehicle and multiplying with the previously calculated
acceleration (Equation 4). Lastly the gradient resistance (Equation 5) which multiplies the mass of
the vehicle by gravity and multiplyingit by the SIN of the angle. Tractive effort (equation 6)
multiplies the coefficient of friction, by the mass dividing by the radius of the tire and multiplying the
whole equation by the number of tires on the vehicle. Once all the forces on the vehicle have be

identified, the forces can be added together to get the total tractive effort (equation 7).

* Aero resistance
Equation 3 Aero Resistance

Aero Dynamic resisatnce
= 0.5 X Front area X coef ficient of drag X density of air X velocity®

* Acceleration Resistance
Equation 4 Acceleration Resistance

Acceleration Resisatnce = Mass X Acceleration (Meerkamm, 2014)

e Gradient Resistance (Newtons)

1
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Equation 5 Gradient Resistance

Gradient forces = mass X gravity X sin gradient (Meerkamm, 2014)

* Rolling Resistance (Newtons)
Equation 6 Rolling Resistance

Rolling Resisatnce = Coef ficient of Friction X Mass =+ Tire radius X 4

e Tractive effort (Newtons)
Equation 7 Tractive effort

Tractive Ef fort
= aero resistance + Acceleration Resistance 4 Gradint resistance
+ Roling Resistance

Once the tractive effort is identified, Power can then be calculated. This is done by multiplying the
Tractive effort by the velocity of the vehicle at the time (equation 8). Torque at the wheels can also
be calculated by tractive effort. This is done by multiplying the tractive effort by the radius of the

tires (equation 9).

¢ Power at the Wheels (Watts)
Equation 8 Power at the wheels

Power at the wheels (w) = Tractive effort (N) X Velocity (m/s)

e Torque at the Wheels (Newton meters)
Equation 9 Torque at the wheels

Torque at the Wheels = Tractive ef fort X Radius of the tire

e Energy (Joules Per Second)
Equation 10 Energy (j/s)

Energy (joules per Second = Power at the wheels X Time (seconds)

1
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e Energy (Watts per Hour)
Equation 11 Energy (w/h)

Energy (watts per hour) = power at the wheels x Time (hours)

e [deal Gear ratio

Equation 12 Ideal Gear Ratio

Ideal Gear Ratio = Motor RPM + Wheel RPM

e Motor RPM using gear ratio
Equation 13 Motor RPM

Motor RPM = Gear ratio X Wheel RPM

e Motor torque (Newton Meter)

Motor Torque (newton meters)
= Torque at the wheels (newton meters) = Gear Ratio X Time (seconds)

The wheel RPM is identified by dividing the velocity by the rolling circumference of the tire which
gives the revolutions per second. This can be multiplied by 60 to give RPM. | then used assumed
motor RPM and divided by the wheel RPM to give the ideal gear ratio for the existing system. | then
verified the torque being outputted which

1
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4. Analysis

By using the data collected from the duty cycle, the vehicle outputs can be identified to allow the
correct selection of a suitable hybrid system. In this case, a series hybrid system is selected which as
previously stated, motor is used as the main source of power to the wheels and the internal
combustion engine generates power to store in the batteries. This means that the motor needs to
be able to run the system adequately without struggling which could cause the system to ether
overheat or have mechanical failure.

To select the motor, the gear ratio needs to be identified. In this system. The original rear axle
system is used with the chain and sprocket configuration. This is to ensure the cost of production
remains and an original vehicle can be adapted. In this case the torque at the wheels, wheel speeds,
wheel RPM and motor RPM play a deciding factor in choosing the motor setup. In the table below
(Table 1) shows the ideal gear ratio. This was done to identify what ratio could the system run in an
ideal world. To validate this a separate table showing the max theoretical torque and rpm of the
motor based on the gear ratio was created to compare ratios.

Assumed Motor RPM Wheel speed (mph) (wheel RPM |Ideal Gear ratio

0 0.00 0.00

200 2 30.57] 6.54
A00 4 61.15 6.54
600 6 91.72 6.54
800 8 122.29 6.54)
1000 10 152.87 6.54
1200 12 183.44 6.54
1400 14 214.01 6.54
1600 16 244.59 6.54
1800 18 275.16 6.54
2000 20 305.73 6.54
2200 2 336.31 6.54
2400 24 366.88 6.54
2600 2 397.45 6.54
2800 28 428.03 6.54
3000 30 458.60 6.54]
3200 32 489.17, 6.54
3400 34 519.75 6.54]
3600 36 550.32 6.54
3800 38 580.89 6.54]
4000 40 611.46 6.54/

Table 1 Ideal Gear ratio identification

1
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Below (Table 2) is the Theoretical torque and RPM of the motor based on the gear ratio. By
inputting the ratio identified on the previous table shows the torque of the motor to be 187.04Nm.
This is possible but selecting a motor to match this torque demand would have many implications.
For example, the power demand would increase decreasing the lifespan of the vehicle. This is due to
the increased size of the motor causing more demand from the controller and battery. Another issue
is the weight implications which would also hinder the vehicle. To reduce the amount torque
demand from the motor, an increase in gear ratio reduce the torquer needed. This has an issue of
increasing the motor RPM, but can is in a reasonable range based on the specs of the motor
(Appendix 2) where the motor has a max RPM of 6000RPM. Looking at table 2 shows on gear ratio 9
(Highlighted) has a torque of 135.95Nm which is below the maximum torque of the motor, and a
maximum RPM of 5503 which is also below the maximum RPM range of the motor.

Table 2 Theoretical Motor RPM and Torgue

Therietical Motor RPM and Torque
Max Wheel RPM|Max wheel Torque |Gear Ratio |Therietical Motor torque (Nm) |Therietical Max RPM
611.46 1223.55 6.54 187.04 4000.00
4 305.89 2445.86
5 244.71 3057.32
6 203,93 3668.79
7 174.79 4280.25
3 152.94 4891.72
9 135.95 5503.18
10 122.36 6114.65

41. Chain and sprocket

Chain and sprocket have efficiency losses due to the friction of the chain links. In an effort of
reducing losses and using the same drivetrain as on the original vehicle, allows the drivetrain to be
efficient at transferring power. Chain efficiency in this system is 95.1% efficient. This is supported by
(Spicer, Richardson, & Ehrlich, 1999) which states for the of link and chain length has a frictional loss
of 4.9%. The losses is calculated from the maximum power at the wheels and the losses is summed
up to give the power before the chain and sprocket losses. This is evident in table 3 where the losses
is 1019 watts.

Table 3 Chain and Sprocket Efficiency Calculation

Chain and sprocket

Efficiency Identified 95.10%
Maximum power at the wheels (w) 20812.8
Power losses (w) 1019.83
Power Before Losses (w) 21832.6
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4.2. Motor

By using the data calculated from the duty cycle, a motor can be selected. The following data is used
to select the correct motor; peak torque, power output and RPM. In this case the Emrax 208 motor
is selected. This motor has a peak torque of 140Nm which is more than the maximum torque of
135Nm presented on table 2. The power output is 68 kw which is considerably more than 21.83kw
from the duty cycle evident on table 3. The maximum RPM of this motor is 6000 so Is within the
range of the theoretical motor RPM evident on table 2. All this data is provided in Appendix 2.

By using the data collected from the gear ratios, the efficiency can be identified from the efficiency
map provided by the Emrax 208 datasheet (appendix 2). The maximum theoretical motor RPM is
identified, and the Theoretical torque is identified and applied to the efficiency map and the point is
found and marked using a red dot (figure 3). This represents the maximum efficiency of the motor
when the vehicle is moving at its maximum speed of 40MPH. By looking at the placement of the dot
in conjunction to the efficiency borders shows that the efficiency is in the 92%-94% range. For worst
case scenario, the lower number is selected of 92%. The efficiency losses are then identified and
added to the power after the gear losses.

Motor
[rpm at 40 mph [ 5503.18]
|m0tor Torque required | l3S.95|
Identified Efficiency based
on maximum rpm of the
maotor and the torque
EMRAX 208 CC

o required after final drive.
Efficiency map

Peak torque

a 1000 2000 L 00 WO 000
Mator speed [rpm]
Efficicncy identified 90%-94%
Efficicncy Chosen 92%
Power after gear loses (w) 218326
Power loss (w) 1746.61
Power after losses (w) 23579.3

Figure 3 Motor Efficiency
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4.3. Controller

The controller is chosen base on the motor requirements in terms of voltage, type of supply voltage
(AC/ DC), and the current. The motor can accommodate an input voltage of a maximum 550V Direct
current. The controller selected is a Yasa Si400 motor controller. This controller has a working
voltage of 50v to 400 v direct current. This means that the controller is comparable with the motor
in that aspect. The current supply from the controller has a continues rating of 210 ARMS (ampere
root mean square) and a peak of 500ARMS. The motor has spec of 100ARMS continues and a peak
of 200ARMS which is within specification. This means that the motor is more than capable of
running the motor. All controller specs are in appendix 3.

The efficiency is stated on the controller spec sheet which states an efficiency of 96%. If this is
applied to the power after the motor losses. With the losses of the systems to be 4%, the total loss
on the system was 943 watts. This is added onto the losses after the motor to give the power
needed at the battery. The final power needed at the battery is 24.5 Kilowatts (Figure 4)

Table 4 Controller Losses

Controler
Efficiency Identified 96%
Power after Motor losses (w) 23579.3
Power loss (w) 943.17
Power After Loss (w) 245224
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44. Battery

The battery is selected based on the power after the losses of the chains & sprocket, motor and
controller. This equates to 24.52 kilowatts of power. This translates to 1.02-kilowatt hours so a
appropriate battery needs to be selected based on this energy usage. The battery also had to
conform to voltage requirements by the controller and motor as well as the size restrictions due to
the space limitations. A Samsung Mega 3.3 battery is selected due to its many attributes. The main
aspects of this battery is its energy rating of 3.3 kilo watts hours and an output voltage of 60V. The
battery is also a decent size coming in at 54cm long and 48cm wide which can fit in the buggy setup.

All specification of this battery is listed in appendix 4.

To support the selection of the battery. The vehicle runtime can be calculated based on the drive
cycle data. In table 4 shows the calculated energy out demand of the vehicle and the battery
suitability investigation. The amp hours are calculated by dividing the energy and the battery
voltage. This gives the amp hours produced by the vehicle. This is then divided by the battery
capacity which then shows the amount of time vehicle will run in a normal drive cycle which is 3.88
hours. This number is then validated by identifying the battery energy rating and dividing it by the
energy required shows a time of 3.22hours. This means that the battery can supply an adequate
amount of power to run the vehicle for a minimum of three hours by battery power alone. By using
the hybrid system that’s going to be implemented. This run time can only be extended.

Table 5 Battery selection

Battery

Power after all losses (w) 24522.4
Energy after losses (wh) 1021.77

Battery Suitability

battery voltage (v) 58.4
Calculated amps used per hour (Ah) 17.496
Battery Capacity (Ah) 68
Time to deplete battery under
normal drivecycle (Hours) 3.8866
validate
Battery energy rating (wh) 3300
Time to deplete battery under
notmal drive cycle (Hours) 3.22969
Average run time
Run time based off Ah 3.8866
Run time based off Kwh 3.22969
Average run time 3.55814
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4.5. Hybrid Generator

Hybrid vehicle uses both an electric drivetrain and a internal coinbustion engine to power the
vehicle. There are two main types of hybrid vehicles which are parallel hybrid electric vehicle where
a electric motor or a internal combustion engine drives the vehicle. A series electric vehicle only has
the motor drive the vehicle and the internal combustion engine powering a generator and charges
the battery. This in effect extends the range of the vehicle dramatically. This also makes it able to be
powered without the vehicle being plugged in to charge (Hodkinson & Fenton, 2001). A series
hybrid electric vehicle is selected for this application.

rid generator composes of a small internal combustion engine turnaing a brushed motor to

Mhless system is used, then a ACM‘:; be created. In this case,
the voltage needs to be grater then 60v to charge the batter sufficiently. A Dc brushed motor was
selected as a generator because if a motor is spun, it generates a voltage. By identifying the specs of
the battery, the motor had to provide a larger voltage to charge sufficiently. Knowing this, the
motor specified efficiency and operating voltage was identified (Appendix 4). The efficiency was
identified to be 89.90% and the operating voltage to be 74 Volts. By calculating the voltage after the
losses, the motor can generate 62 Volts in theory (Table 6). The wattage of the motor is 540 watts
so in theory the battery can be charged at a rate of 540watts per hour. This means that the vehicle
will have a operating time of 6.6 hours. This wattage can be altered depending on the rotation

speed of the motor which could possibly generator motor energy.

Table & Brushed Motor Generator Demand Calculations

Generator

Generator Demands

Energy needed (w) 1021.77
Voltage from the battery 58.4
Amps required 17.496

Motor generation output

Motor rated voltage (V) 74
Motor efficiency 83.90%
Motor rated power (w) 540
Assumed generated voltage (V) 62.086
Motor Amps 3.03
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On the Generation is sizes, an internal combustion engine can be selected. Due to the low loads and
low rpm required, a small one-cylinder ICE can be selected to turn to generator. The motor needs
not more of 2000RPM to maintain the voltage and wattage required. A Honda single cylinder air-
cooled 5.5HP petrol engine was selected for the job due to its small for factor its electric start for
automated hybrid system and its ease of use. The main roll for the ICE engine is when demanded by
the controller, Start the engine and rotate the generator. This activation can be don’t&y a a voltage
monitoring system on the battery to toll\the engine to start.

4.6. Cost Analyses
One vital aspect in the design of the system is to analyses the costing of each aspect of the design.
Tis is to ensure that the system is conforming to the budget required. Without this analysis,
products can be too expensive due to the hight cost of the components and manufacturing and
design which increases the cost of the overall product. In the table below (Table 7) shows the
components and the respective costs. These are the cost of the components themselves and don’t
take in consideration of Marcellinus items like the cables, brackets, couplers, machining time ect.

Table 7 Cost Analysis

Componenct Cost

Motor £2,885.00
Controler £1,562.00
Battery £425.00
Generator £620.00
ICE Engine £312.00
Total £5,804.00

1
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5. Conclusion

Using a hybrid platform for the buggy has proven a viable solution in terms of the power out output
that is set by the duty cycle. This was a concern initially due to the high gradients of the circuit
causing the tractive effort and average power required to be quite substantial. These solutions were
overcomed by the combination of a low gear ratio causing high motor RPM and the relatively low
vehicle speed of 40mph. In future literation’s of the gear train, a gearbox could be utilised if the
same motor is used or a larger motor can be used to overcome the high torque requirements. If a
larger motor is used, a larger battery would have to be sourced if the battery life needs to remain at
6 hours with the addition of the hybrid generator. This is a issue due to the lack of space available on
the buggy so the smaller the battery the better. But considering the type of environment the
vehicle is subjected to, then the lifespan of 6 hours is quite reasonable. An addition of a plugin

charge point could also be beneficial, using the time the vehicle is not in use to charge the batteries.

The hybrid system is a concern for a design point of view. The ICE engine selected is the smallest
engine available with a electric start so that the charging can be automated. This particular engine is
often noisy. Also, the engine incorporates a choke system so automation of charging would be
difficult if the engine needs to have choke applied. A alternative engine should be found where its
possibly fuel injected to aid automation as well as steps needs to be made to the exhaust silencer to
quieten the noise pollution. The selection of the motor generation isn’t ideal due to the inability to
test the hybrid system before matching the units. All number are theoretical and could vary in real-
life situations. This pairing should be tested before the manufacture of this buggy. Should also
reflect the other components subjected where testing should be made to identify if the system is

suitable for the application.

With future research into the matter can further reduce the costing of each product due to the
option of bulk savings of alternative components to ensure that the cost of the vehicle is relatively

low to ensure profits.
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7. Appendix

Appendix 1 Coefficient of friction table (Fine Cival Engineering Software)

e Friction factor | Friction angle &
16(8) 1
Mass concrete on the following foundation materials:
Clean sound rock 0.70 35
Clean gravel, gravel-sand mixtures, coarse sand 0.55-0.6 29-31
;:::::lnne to medium sand, silty medium to coarse sand, silty or clayey 0.45-0.55
Clean fine sand, silty or clayey fine to medium sand 0.35-0,45 19-24
Fine sandy silt, nonplastic silt 0.30-0.30 17-19
Very stiff and hard residual or preconsolidated clay 0.40-0.50 22-26
Medium stiff and stiff clay and silty clay 0.30-0.35 17-19
Steel sheet piles against the following soils:
Clean gravel, gravel-sand mixtures, well-graded rock fill with spalls 0.40 22
Clean sand, silty sand-gravel mixture, single size hard rock fill 0.30 17
Silty sand, gravel or sand mixed with silt or clay 0.25 14
Fine sandy silt, nonplastic silt 0.20 1
Formed concrete or concrete sheet piling against the following soils:
Clean gravel, gravel-sand mixture, well-graded rock fill with spalls 0.40 - 0.50 22-26
Clean sand, silty sand-gravel mixture, single size hard rock fill 0.30-0.40 17-22
Silty sand, gravel or sand mixed with silt or clay 0.30 17
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Appendix 2 Emrax 208 motor datasheet

E Manual for EMRAX Motors / Generators Version 5.4 5% of March 2020
INNOVATIVE E-MOTORS
EMRAX 208 Technical Data Table (dynamometer test data)
Technical -
- High Valtnge Medivm Voltage Low Voltnge
ir cocked = AC
Kl oo =1 a e c« ac e cc ac 1 o
o
Ingress protection wz PS5 w21 wz1 PES wZ1 wZ1 P55 Wz
Coaling medium specfication
e B WE=SUmin  WF=8l/min fevi
m’*‘"m AR s msee;  MPIOWE g msre  MEIWE epe  mso
Seperaters wnd/or AA AITC  paave aaaee MEC aoee aaaee AT AL=2S'C
v bk,
Weight thgl ETY 94 53 51 % 33 91 a4 53
Diameter 8 / width [mm] 208 /85
e 550 Vde (6000 RPM) 350 Ve (6000 RPM) 120 Ve (6000 RPMY)
pormer [Few
min =t cold start [ few seconds at hot ]
start) (kW]
porwer | ™) » s a n 5 a n 35 a1
Maximal rotation speed [RPM] (7000 for » few seconds nar -
‘Mamamal motor current [for 2 min
cooled as described in Manual) [rms] = o =
Continuous metor current [Arms] 100 160 00
Maximal pesk motor torque [Nem] 10
Continuous motor torgue [Mm] ) 68 B0 64 68 B0 6 -1 )
Torgue | motor current [Nm/ 1Aph rms] 0,80 050 018
Mauimal tempersture of the copper
windings in the stator and max. 120
temperature of the magnets ['C]
Mator efficiency (%] 298
Internal phase resistunce at 25 *C [m(] 120 50 5]
Input phase wire crom-section [mev] 114 17,0 a5
Wire connection star
Indhaction Ld/Lq [uH] of 1 phase 125/130 /56 12075
Controller { motor signal sine wave
AL voltage betwesn two phases
e 0,0487 00319 0117
P =g = 5 2 %
Specific load speed imax load)
et 1u 17 50
Magnetic Reld weakening [for higher
RPM 2t the same power and lower upto 100
torgue] [%]
Magnetic flux — asial [Vs] 0,0393 00257 0,0095
winding: kty BL/210
Rotor Inertia LC motor [kg®m'] 003
Bearings (front-back) - FAG disl forces; for pull-push mode, a=25")
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EmR Manual for EMRAX Motors / Generators | Version 5.4 | 5* of March 2020
INNOVATIVE E-MOTORS

Graphs valid for EMRAX 208:

70,00
wm EMRAX 208 CC yv.mv.iv o 1@
g »lp.*tori". e 140 i
= 50,00 £
£ m §
=
= 40,00 | - 100
: _ = i
______ I W c
E!D.W 1 'i;;"{.r;ﬂﬁb‘..‘“'“m ............ ;!‘
3 o0 3
Tom ¥
z - ]
3001 n =
0,00 o
0 1000 2000 3000 4000 5000 6000 7000

Motor speed [rpm]

Nate 1: for determening peak or continuous power (EW) you showld choase mater spead and than read power from chasen power curve
i thee ledt graph sice)

Nate 2 for detesmening peak of continuous torgue (Nm) you should choose motor speed and than read torque fram chosen wigue
curve [in the right graph side)

EMRAX 208 CC
Efficiency map

Peak toruue/
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EMRAX 208 High Voltage CC
Torgue vs. Irms
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Graphs of EMRAX air cooled and liquid cooled type:
The i power and i torque for air cooled motor is 20% lower and for liquid cooled motor is 15% lower.

Graphs of the EMRAX 208 medium and low voltage motor type:

Graphs of EMRAX 208 low voitage and EMRAX 208 medium voitage are similar to graphs of EMRAX 208 high voltage. The
only differences are the DC voltage and motor current. These Two parameters can be read from the Technical data table
for the EMRAX 208 low and medium voltage motor.

Low voltaze motor needs 4 x higher motor current and 4 x lower DC voltage for the same power;/torque and RPM,
compared to EMRAX 208 high voltage motor.

Medium voltage motor needs 1.52 x higher motor current and 1/3 lower DC voitage for the same power/torque and RPM,
compared to EMRAX 208 high voltage motor.
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Appendix 3 Yasa Si400 Motor Controller (Yasa, 2019)

Si400 Motor Controller A

Key Specifications
Peak Current (5 sec) 500 Anss
Continuous Current’ 210 Aaws
Input Voltage Range 50 - 400 Voc
Efficiency (peak) 96%
Technology

Thermal management innovation and dielectric
oil cooling for best in class weight and volume
Motor flux maps for precise control

- Adaptive and predictive current control
Optimised voltage utilisation
Compatible with YASA, PMAC and induction
machines
Silicon IGET switching up to 16 kHz

Notes

1 Continuous with 60°C coolant @8{fmin

2 Case excluding mounting hardware

3 Drymass excluding cables

4. Active area excluding terminal box

5 Al specifications subject to change without notice

For full product details, please
contact sales@yasa.com
detailing your motor and
controller requirements.

WwWww.yasa.com

v &by |0) 1865 952100

Dimensions? B4 x 25 x ZT7 mm
Mass® 575kg
Volume* 4.Blitres
Control

CAN T30

- Traction and Speed modes
Sin-cos and resolver position inputs
4 x PTI000, 2 x 0-5V inputs and digital 1O for
motor and vehicle interface

Safety 6 Protection

Developed to support ISO26262 functional

safety up to ASIL C including CAN end-to-end

protection

Passive High Voltage Interlock (HVIL)

DC input charge interface and internal discharge
« Coolant flow and temperature protection

Ervironmental: IPEQk

ASHLEIGH JONES (1707088)
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Appendix 4 Brushed dc motor for the generator (Volcano Electric, n.d.)

VOLCANO ELECTRIC

1700rpm 540W 74V Brushed DC Motor

Detalled Information

Brand Name: Volcano Electric Model Number: 126 Type:

Qutput Power: S40W

1
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Performance of 540W 74V 1700rpm Brushed DC Motor

uw A P10") fmin) P20A)  EM(%)
80.004 1000 y 6000 1800 y 100,00
72001 9000 { 5400 1620 | 90.00
64.001 80.00 1 4800 1440 | 80.00
56001 7 1 4200 1260 { 70.00
48.00{ 60.00 { 3600 1080 } 60.00
40.004 50.00 4 3000 900.0 { 50.00
32004 40.00 { 2400 7200 | 40.00
24004 3000 { 1800 A el : 0 ‘ I b~ : . 5400 | 30.00
16.001 2 111200 = 360.0 ; 20.00
800 {10001 6000 {-f--- ot emminnnnnn : i ; i i i : 1800 | 10.00
0.00 0.000 / 0.000 + + 0.000 ' 0.00
0000 2700 5400 8100 1080 1350 16.20 T(N-m}
Some of our Brushed DC Motor list DC126
Sort Voltage Speed Output Load Torgque
v (RPMY) Wy [ Nm)
DCO3TN2-126 12 1700 370 35 207
DCOS4/12-126 12 1500 540) 55 33
0CO375/12-126 12 1200 375 39 298
0C0.75/24-126 24 3500 750 18 204
DCO.54/24-126 24 2500 540 29 1.98
DC054B/24-126 24 2000 540 29 28
DC0.37/24-126 24 1700 370 0] 207
DCOSAC 244126 24 1500 540 3 343
DCO4/24-126 24 1200 400 ] 118
0CO3T/27-126 2 1500 370 16 235
0COAT/29-126 L] 1100 170 15 1
DC0.375/42-126 42 1400 s 1 258
DC0.54/48-126 48 2000 540 " 28
DC0.54B/48-126 48 1700 540 13 303
DC0.375/48-126 44 1500 s 9 238
DCO.54/60-126 60 1800 540 1 286
DCO.548/60-126 60 1500 540 ] 343
DC054/T4-126 T4 1700 540 9 303
DC0.5/90--126 90 1600 500 & 2%
DCO.375/90-126 90 1750 7S 5 204
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Appendix 5 Honda Petrol 5.5Hp engine (Flow Fit Online , n.d.)

Engine features:

® OHV design enhances combustion efficiency

® High power-to-displacement ratio

® Easy starting with an automatic decompression system

® High quality materials and purpose-built components which ensure reliable, long-term use
® Exceeds European exhaust emission legislation

® Low fuel and oil consumption

Common Applications

® Pressure washers

® Commercial lawn and garden equipment
® Tillers / cultivators

® Generators

® Construction / industrial equipment

® Agricultural equipment

® Water pumps

Specifications:

® Engine type — Air cooled 4-stroke OHV petrol engine, 25° inclined cylinder, horizontal shaft, cast iron sleeve
® Bore x Stroke — 68 x 457mm

® Displacement - 163 cm?

® Compression ratio - 9:0:1

& Net power — 3.6 kW (4.8 HP) / 3602 rpm

Cont. rated power — 2.5 kW (3.4 HP) / 3000 rpm, 2.9 kW (3.9 HP) / 360? rpm

® Max, net torque — 10.3 Nm/ 1.05 kgfm / 2500 rpm

Ignition system — Transistorised
® Starting system — Recoil Starter (Electric Start Optional)

Fuel Tank Capacity — 3.1 Litres

Fuel cons. at cont. rated power — 1.4 L/H - 3607 rpm

Engine oil capacity — 0.6 L

Dimensions (L x W x H) — 312 x 362 x 346 mm

Dry weight — 15.1 kg

1
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Series Hybrid Vehicle part b- Alternative Powertrain Technology -

Ashleigh Jones (1707088)

GRADEMARK REPORT

FINAL GRADE

53/100

GENERAL COMMENTS

Instructor

Hello Ashleigh. | hope that you have enjoyed the
assignment. The calculations for power appear ok, as
does max torque. Which was the output of Part1 of the
assignment. However the specifications of the hybrid
components need reviewing. The final drive ratio is
sensible. However the motor has a capacity higher than
required. What voltage are you running it at? the Yasa
controller is an unusal mix for the Emrax motor. What
is the average power requirement at the wheels, and
then at the genset output? There should be a graph of
powere flow into and out of the batt pack. This would
help to to size it correctly. If you have any questions, or
require more detailed feedback, please contact me.
Best regards. Mk (Mark Sandford)

PAGE 1

PAGE 2

PAGE 3

PAGE 4

PAGE 5

Comment 1

There is however a collection on inefficiencies.

Comment 2

No need for this as it was covered in Part A

PAGE 6

PAGE 7




PAGE 8

, Comment 3

Again. All of this covered in part A

, Comment 4

Why is there time here?

PAGE 9

PAGE 10

QM Sp.

Spelling error

’ Comment 5

The loss is a percentage. It will be lower when the power demand is lower.

PAGE 11

’ Comment 6

Max power is 22 kw at the wheels and your motor is over specified.

PAGE 12

’ Comment 7

Which voltage of motor did you select 550, 350 or 120V?

, Comment 8

The motor can run the motor?

PAGE 13

, Comment 9

You should generate a graph of power flow out of and into the battery.

’ Comment 10

The battery must be able to supply the motor with the power it needs above that supplied by the ICE
and generator



@ Comment11

The battery should be able to absorb the power from the ICE and genset which is just above the
average power requirement.

@ Comment12

The battery calculations require more explaining. The system voltage is at least 120V so how many
battery systems in parallel are you proposing?

@ Comment13

68 amps at 60 volts is 4kw for an hour. So the battery is rated about 3.3 kwh.

PAGE 14
QM Sp.
Spelling error
QM Sp.

Spelling error

@ Comment14

Voltage is not effected by the losses.

@ Commenti5

540 watts or 0.54kw is much less that the average pwoer required.

@ Comment16

3 amps?
PAGE 15
QM Sp.
Spelling error
QM Sp.
Spelling error
PAGE 16

PAGE 17




PAGE 18

®

PAGE 19

Comment 17

This was from the Part A

PAGE 20

PAGE 21

PAGE 22

PAGE 23

PAGE 24

PAGE 25




RUBRIC: NEW BACHELOR'S RUBRIC 0/0

LITERATURE

0/0

Engagement with literature (including reading, referencing, academic conventions and academic honesty)

FAIL 0-29%
©)

UNSATISFACTORY
30-39%
(0)

SATISFACTORY 40-
49%
©)

GOOD 50-59%
(0)

VERY GOOD 60-69%
0)

EXCELLENT 70-79%
©)

EXCEPTIONAL 80-
100%

©)

K&U

Little or no evidence of reading. Views and findings unsupported and non-authoritative.
Referencing conventions largely ignored.

Poor engagement with essential reading. No evidence of wider reading. Reliance on
inappropriate sources, and/or indiscriminate use of sources. Heavily reliant on information
gained through class contact. Inconsistent and weak use of referencing.

Engagement with a limited range of mostly relevant and credible sources but with some
reliance on information gained through class contact. Some omissions and minor errors.
Referencing conventions evident though not always applied accurately or consistently.

Engagement with an appropriate range of literature, including sources retrieved
independently. Some over-reliance on texts rather than other sources. Referencing may
show minor inaccuracies or inconsistencies.

Engagement with a wide range of literature, including sources retrieved independently.
Selection of relevant and credible sources. Generally sound referencing, with no/very few
inaccuracies or inconsistencies.

Engagement with an extensive range of relevant and credible literature. Consistently
accurate application of referencing.

Exceptional engagement with an extensive range of relevant and credible literature. High-
level referencing skills consistently applied.

0/0

Knowledge and understanding (Knowledge of the basic underlying concepts and principles of a subject.)

FAIL 0-29%
©)

UNSATISFACTORY
30-39%
(0)

SATISFACTORY 40-
49%
©)

GOOD 50-59%
(©)

VERY GOOD 60-69%
(0)

EXCELLENT 70-79%

Major gaps in knowledge and understanding of the basic underlying concepts and
principles of the subject matter. Inclusion of irrelevant material. Substantial inaccuracies.

Gaps in knowledge of the basic underlying concepts and principles, with flawed or

superficial understanding. Some significant inaccuracies and/or irrelevant material.

Limited knowledge and understanding of the basic underlying concepts and principles
within the subject area. Some elements may be missing.

Knowledge of the basic underlying concepts and principles is accurate with a good
understanding of the field of study but lacks depth and/or breadth.

Competent knowledge of the basic underlying concepts and principles. Exhibits very good
understanding.

Excellent knowledge and understanding of the basic underlying concepts and principles of



(0) the subject.

EXCEPTIONAL 80- Exceptional, detailed knowledge and understanding of the basic underlying concepts and
100% principles.
(0)

COGNITIVE 0/0

Cognitive and intellectual skills (Evaluate underlying concepts and principles of a subject and interpret qualitative
and quantitative data in order to develop lines of argument and make sound judgements.)

FAIL 0-29% Wholly or almost wholly descriptive work. Little or no evaluation of the underlying concepts
(0) and principles. Failure to develop arguments, leading to illogical or invalid judgements.
Minimal or no use of evidence to back up views.

UNSATISFACTORY  Largely descriptive work, with superficial evaluation of the underlying concepts and

30-39% principles. Weak interpretation of data, flawed development of arguments and

(0) judgements. Information accepted uncritically, uses generalised statements made with
scant evidence and unsubstantiated opinions. Ideas sometimes illogical and contradictory.

SATISFACTORY 40- Limited attempt at evaluation of the underlying concepts and principles, tending towards

49% description. Can interpret qualitative and quantitative data but with some errors. Some

(0) evidence to support emerging arguments and judgements but these may be
underdeveloped or with a little inconsistency / mis-interpretation.

GOOD 50-59% Good evaluation of the underlying concepts and principles. Can interpret qualitative and
(0) quantitative data, with minor errors. An emerging ability to use evidence to support the
argument. Mostly valid arguments and logical judgements.

VERY GOOD 60-69% Sound evaluation of the underlying concepts and principles. Can interpret qualitative and
(0) quantitative data accurately. Ability to devise arguments using evidence to make mostly
appropriate and valid judgements.

EXCELLENT 70-79% Excellent evaluation of the underlying concepts and principles. Can interpret qualitative
(0) and quantitative data accurately and with some insight. Excellent ability to devise
arguments using evidence and make appropriate and valid judgements.

EXCEPTIONAL 80- Exceptional evaluation of the underlying concepts and principles based evidence.

100% Outstanding interpretation of qualitative and quantitative data. Exceptional ability to devise
(0) arguments using evidence and make wholly appropriate and valid judgements.
PRACTICAL 0/0

Practical skills (Different approaches to solving problems in particular contexts.)

FAIL 0-29% Limited or no use of taught, basic methods, materials, tools and/or techniques. Little or no
(0) appreciation of the context of the application. Very weak evidence of different approaches
to problem-solving in particular contexts.

UNSATISFACTORY  Rudimentary application of taught, basic methods, materials, tools and/or techniques but
30-39% without consideration and competence. Flawed appreciation of the context of the
(0) application. Weak evidence of different approaches to problem-solving in particular



SATISFACTORY 40-
49%
(0)

GOOD 50-59%
©)

VERY GOOD 60-69%
©)

EXCELLENT 70-79%
©)

EXCEPTIONAL 80-
100%

©)

SKILLS PROF P

contexts.

An adequate awareness and mostly appropriate application of basic methods, materials,
tools and/or techniques. Basic appreciation of the context of the application. Can identify
problems in particular contexts and propose basic alternative approaches or solutions
though there may be errors.

A good and appropriate application of basic methods, materials, tools and/or techniques.
Clear appreciation of the context of the application. Good evidence of different
approaches to problem-solving in particular contexts and proposes mostly appropriate
solutions.

A very good application of a range of basic methods, materials, tools and/or techniques.
Very good consideration of the context of the application. Very good evidence of different
approaches to problem-solving in particular contexts and proposes appropriate solutions.

An advanced application of a range of taught, basic methods, materials, tools and/or
techniques. The context of the application is well considered, and insightful. Excellent
evidence of different approaches to problem-solving in particular contexts and proposes
appropriate solutions.

Exceptional levels of application and deployment skills in particular practical contexts.
Outstanding identification of problems in particular contexts and formulation of wholly
appropriate, thoughtful solutions / different approaches.

0/0

Transferable skills for life and professional practice (Communicate the results of their study/work accurately and
reliably, and with structured and coherent arguments; the qualities needed for employment requiring the exercise
of some personal responsibility within a structured and managed environment.)

FAIL 0-29%
©)

UNSATISFACTORY
30-39%
©)

SATISFACTORY 40-
49%
©)

GOOD 50-59%
(0)

Work is poorly structured, disorganised, inaccurate and/or confusingly expressed. Very
weak use of language and/or very inappropriate style. Failure to work effectively individual
or as part of a group. Little or no evidence of the skills for employment requiring the
exercise of some personal responsibility.

Work is poorly presented in a disjointed manner. It is loosely, and at times incoherently,
structured, with information and ideas often poorly expressed. Weak use of language
and/or inappropriate style. Flawed approach to individual or group work, meeting only
partial obligations to others. Limited evidence of the skills for employment requiring the
exercise of some personal responsibility.

Mostly ordered presentation and structure in which relevant ideas / concepts are
reasonably expressed. Work may lack coherence and/or accuracy in places. Can work as
part of a group, meeting most obligations to others but perhaps with limited involvement in
group activities. Demonstrates the basic skills for employment requiring the exercise of
some personal responsibility, with some areas of minor weakness.

Mostly coherent, organised and accurate work, in a suitable structure and is for the most
part clearly expressed. Can work effectively independently and/or as part of a team, with
clear contribution to group activities. Demonstrates the skills for employment requiring the
exercise of some personal responsibility, with some areas of strength and some of minor



VERY GOOD 60-69%
(0)

EXCELLENT 70-79%
©)

EXCEPTIONAL 80-
100%

©)

weakness.

Work is accurate, coherent, fluent, well-structured and organised. Can work effectively
independently and/or as part of a team, with very good contribution to group activities.

Demonstrates very good skills for employment requiring the exercise of some personal
responsibility, with just occasional minor weakness.

Work is coherent, very fluent and is presented professionally. Can work effectively
independently and/or as part of a team, with an excellent contribution to group activities.
Demonstrates excellent skills for employment requiring the exercise of some personal
responsibility with an appetite for further development.

Work is accurate, exceptionally coherent, very fluent and presented well. Can work
effectively independently and/or as part of a team, with an exceptional contribution to
group activities. Demonstrates exceptional skills for employment requiring the exercise of
some personal responsibility with an appetite for further development.



	Series Hybrid Vehicle part b- Alternative Powertrain Technology - Ashleigh Jones (1707088)
	by Ashleigh Jones

	Series Hybrid Vehicle part b- Alternative Powertrain Technology - Ashleigh Jones (1707088)
	GRADEMARK REPORT
	FINAL GRADE
	GENERAL COMMENTS
	Instructor


	RUBRIC: NEW BACHELOR'S RUBRIC 0 / 0


