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Executive summary

This proposal brought forth by EleCycle discusses the transmission design of the
motorcycle. It highlights how EleCycle’s design process for the transmission begins.
Furthermore, it reveals how we conclude the final component and material selection.
EleCycle has designed a transmission that will fit and function as per our bike design.
The selection of this involved reflecting back to our design goals from part one and
creating concepts to establish the most viable design for the transmission. Following the
selection of a concept we began the calculations to get the correct gears, chains and
material. The iterative process was done to establish the correct components to use in
the design of the transmission. This process lead us to have a motor connected to a
pinion of 24 teeth which was then connected to a meshing gear of 100 teeth. The bigger
gear was then connected to one end of an intermediate shaft. The other end was then
connected to a sprocket of 22 teeth. The sprocket was then connected to another 28
teeth sprocket using a # 60 chain, producing an overall transmission gear ratio of 5.3:1.
This design allowed EleCycle to produce 32.16 Hp at 1200rpm. The material that was
selected was 4140 OQT 1300 steel, this was verified as research shows that this is the
material manufacturers use to produce gears for this applications. Overall this design
theoretically will be more than sufficient to carry out the design goals set out in the first

part of the project.



Introduction

As the world transitions from fossil fuels to green energy, electricity is the first
thing that comes to mind. There has been a huge surge in electrical transportation
production and design over the last few years. It has become apparent that
manufacturers are trying to design more fuel economic and zero emission
transportation. There are huge industrial uses of electric transportation such as vehicles,
bikes, buses and all sorts of transportation. When it comes to motorcycle there hasn't
been much of a push to standardize electrical methods of application. Therefore,
EleCycle aims to create a two-wheeled electric motorcycle which will be capable of
traversing through an urban environment. The key design aspects we focused on in part
1 are to create a motorcycle that would give you a days’ worth of drivability using
rechargeable batteries and an electric motor, whilst still being able to carry a maximum
of two passengers. Providing all this in an affordable package with no hidden fees is
what we have strived for. Furthermore, we aim for EleCycle to be able to withstand
various cyclic and impulsive forces. In part two, EleCycle aims to complete the power
transmission design to be able to withstand all our goals set out in part 1. This will allow

EleCycle to be further developed and prepared for real world usage.



Description and Analysis of Transmission Layout

Alternatives

Transmission Designs

Design 1

The initial design our team came up with required a worm gear reducer to control the
high-speed motor being employed in our final product. The worm gear reducer was
connected to the rear wheel via a V-belt. Though this design ensured low cost and

maintenance, a chain would last longer than a V-belt.

Figure 1: Design 1 sketch

Design 2

The second design our team came up with required a spur gear train to increase torque
from the motor, followed by a sprocket-chain design to drive the rear wheel. This design
is more reliable than our initial design, mainly due to chain’s longer service life as
compared to belt. Moreover, spur-gears give a larger variety and are cheaper as
compared to worm-gear drive. It was noted that the use of spur-gears and chain drive

would result in an increase in the weight and space required to hold the system.

Figure 2: Design 2 sketch



Selection of Transmission for further development

In order to select a design for further development we will employ the use of a decision
matrix which will allow us to numerically represent our design criteria based on
importance. This matrix will show that we weight safety the highest followed by cost,

longevity, reliability, maintenance and size.

Weight Design1 Design 2

Safety 40% 9 9

Cost 30% 9 8
Longevity 10% 7 9
Reliability 10% 8 10
Maintenance 5% 9 7
Size 5% 8 8

Total 8.3 8.5

Table 1: Decision Matrix
The decision matrix shows us that both these designs are graded closely but we shall
proceed with design 2. This design does cost a little more, but we are willing to pay the

costs as it is more reliable and will last a lot longer than design 1.

Detail transmission system design

The following text provides the details regarding the procedures and assumptions
employed in the design of our final transmission system. Figure 3 below provides a

sketch of the transmission system employed by EleCycle.
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Figure 3: Transmission Sketch



EleCycle's transmission system contains one gear-train with a gear ratio of 4.167:1,

which connects the motor shaft to an intermediary shaft as shown in Figure 4.

Figure 4: Gear Train
Following the gear-train, the transmission system utilizes a chain-drive at a gear ratio of
1.3:1, which connects the intermediary shaft to the back-wheel axel. Hence, the overall
transmission system of EleCycle gives our bike a speed ratio of 5.3:1. Figure 5 shows the

complete transmission system used by EleCycle.

Figure 5: Chain Drive



Initial Condition: The motor employed by EleCycle provides a power of 33.5Hp at 5000

rpm. Therefore, all transmission system calculations are based on these conditions

From the known input speed, after several iterations a 24-tooth pinion was selected as
the pinion gear in our gear-train. Following the calculations attached in Appendix A,
with a 24-tooth pinion gear it was established that the meshing gear will have a size of
100-teeth. Both pinion and the gear have a standard 20° pitch. In addition, following the
calculations attached under Appendix A. It was concluded that our gear-train
transmission would be satisfied, provided our pinion and gear are made of 4140 OQT

1300 steel. Figure 6 is the final gear train employed by EleCycle in its transmission cycle.

Figure 6: Final Gear Train

Moving to the second half of our transmission, i.e. power transmission from the output
of the gear-train to the chain, EleCycle assumed a 96% efficiency between the gear-train
and chain-drive which is based off the standard transmission efficiency. Hence, it was
established that the intermediary shaft connecting the gear of our gear-train to the
smaller sprocket of the chain-drive is to rotate with 32.16 Hp at 1200rpm as shown in
Appendix B. Based on these results, EleCycle employed a #60 chain with a smaller-
sprocket of 22 teeth, to deliver the desired power of 32.16 Hp. To satisfy our designed
gear ratio of 1.3:1, we employed a 28-teeth larger-sprocket. Figure 7 is the final gear

train employed by EleCycle in its transmission cycle.



Figure 7: Final Gear Train

At the end of our gear and chain design, we ensured our transmission system was going
to fit within our current bike configuration. With the gear and sprocket diameters, and
center distances we were able to confirm that our transmission design would not require

any further modification to the bike chassis design established in part 1.

Following our successful gear-train and chain-drive transmission component placement
within our chassis design, we started the design of the intermediary shaft, which is to

contain the output gear and input sprocket as well as two bearings for support. Figure 8
provides a sketch of the intermediary shaft that connects the gear of our gear-train and

the small/input sprocket of our chain-drive.

Figure 8: Intermediary shaft sketch
After some research it was determined that 4140 OQT 1300 was a standard material

employed in shaft design of a transmission system. Hence, verifying EleCycle’s



transmission system is within standards of a transmission system, 4140 OQT 1300 was

used as our shaft material.

From the chose material and an assumption of a max diameter of 3", we were able to
determine all shear force and bending moment calculations, these calculations are
included in Appendix C. Moreover, with all forces we were able to determine all the

required diameters shown in Figure 9.

Figure 9: Final Shaft Design
It is to be noted that all parameters confirmed our transmission system falls within the
standards of gear, chain and shaft designs. Following the calculations of all the required
diameters, standard tables for diameter and shaft sizes were used to select a standard

diameter and shaft size for EleCycle’s transmission system.

Figure 10: Final Model
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Overall Design

Machine Safety
Canadian Motor Vehicle Safety Standard (CMVSS) classifies EleCycle as an Open

Motor-cycle [1]. Using this information, we must follow strict guidelines as listed below
to allow the motorcycle to be street legal. These guidelines will ensure our motorcycles
safety and reliability.

106-Brake Hoses: The cycle will be using steel braided brake lines to ensure longevity

108-Lighting System and Retroreflective Devices: The cycle will have a series of LED light

108.1-Alternative Requirements for Headlamps: Daytime running light will be installed.

111-Mirrors: Two mirrors will be placed adjacent to each other to ensure blind spot view

115-Vehicle Identification Number: Special Identification number will be on every bike

116-Motor Vehicle Brake Fluids: We will use Dot 3 brake fluid for its robust, cyclic uses

122-Motorcycle Brake Systems: Motorcycle will have 2 disk brakes one for the front and

one for the rear

123-Motorcycle Controls and Displays: Motorcycle will have a touch display complying

with all symbols and regulations

205-Glazing Materials: glass will be coated with ANSI/SAE Z26.1

These safety regulations will ensure that the user is safe and that the bike will be able to
withstand a lot of cyclic uses. This will allow the bike to be reliable as failure points for

material will be high.

Cost analysis

In order to calculate the costs involved with our transmission we must first assess
whether these parts are available on the market or must they be machined. The research
revealed that majority of the parts are available on the market and if they aren’t we can

get them made by the manufacturers [1]. The prices where then found on the website
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where all gears were listed, these prices are based on buying a batch of 100. The only
part that must be machined is our shaft as it is unique and unavailable online. However,
the manufacturers offer a CNC milling option which is fairly inexpensive when buying in

bulk.

Part Cost ($)
24 tooth pinion ' 38.26
100 tooth gear 42.36
28 tooth sprocket = 38.25
22 tooth sprocket = 31.26
# 60 Chain = 48
Final Shaft Design = 98.13

Total 296.26
Table 2: Transmission cost

When assessing the cost of the internals of the bike we decided to go with an EMRAX
118 motor as it has a built-in motor controller for variable speed. It also can produce
32kW of continuous power with a peak torque of 90Nm. This motor has a range of up to
6000 RPM, so it can achieve our goal speed and maintain it. The battery to couple with
this motor is 1100, 18650 cells which have been proven in various similar projects. These
batteries and the motor will be able to provide our goal speed and range. The
suspension will be a Penske unit that is a shock and spring combo. It will be able to
withstand impulse forces with a quick rebound as well as being able to adjust the
dampening and spring length.

Battery Motor- Tires Suspension Frame Assembly Misc Total
18650 cells EMRAX and
(1100 pcs) 188 rims
Cost (USD) 1200 1100 400 200 169.36 200 500 3769.36

Table 3: Bike Internal Cost analysis
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We have established the cost for both the externals and internals of the bike. The final
cost of our bike (Table 4) is still much lower than our competitors for the amount of

battery capacity and speed we offer.
Components Cost

Transmission 296.26
Internals  3769.36
Total  4065.62

Table 4 Final Bike Cost
When considering the Life cycle costs of the bike we believe that the gears will last the
life of the bike, as we will not hit any high speeds which will create stress on the gears
but there will be a lot of stop and go. This will wear down the gears and the chain, but
the research shows that a chain and sprocket will fail before a gear fails. This indicates
our only life cycle cost would be the chain and sprocket. However, they are very easily
accessible making it easy to change. When considering the bike as a whole, we believe
after cyclic usage the batteries may begin to lose charge capacity based on usage. This

may also be a life cycle cost.

Conclusion

When considering how our team set out with a goal to design and build a motorcycle to
meet our design goals, it seems we have surpassed expectations to the design of EleCycle’s first
ever electric motorcycle, Streamliner. This final design has gone through many iterations in
order for it to be a viable option and live up to the daily wear and tear which ultimately result in
various cyclic and impulse forces. The key design aspects we focused on are to create a
motorcycle that would give you a days’ worth of drivability using rechargeable batteries
and an electric motor, whilst still being able to carry a maximum of two passengers.
Providing all this in an affordable package with no hidden fees is what we have strived

for.
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When considering how well EleCycle has designed, there aren’t many
recommendations that can be given to its design. Thinking of general recommendation,
we believe for our next iteration of streamliner we would like for it to be a highway
capable motorcycle. Otherwise we believe EleCycle has presented its best design for an

electric motorcycle.
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Appendix A — Motor Selection and Gear Design
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Appendix B- Chain Design

;L\ncm 1_><-:>\o‘-n

C\ Q '/ ° (‘_\ﬁ(\*

16

SOy vereney
2 \ .
- (D \“\p Q \100 Yem
\ > E3 A
| lg = 22 Lk (_r)k./ \Q\Qc, V:/ L\\c(‘.
Sy
SR = V3 = Ny =2 N = 27203 = 29 L
C = GRS = 215 ptdnes
\* T
RANEN (hag=W2) 50 e
L=72C » r2 * Yo' e 2@ensy 2z t utas) T 7S = TR ke
) Y ‘ Yan L
) _I o \)_u’_‘_. ) ( n:_;h )1 B <2(Nu> 1321\
C=4LL 2 JAL=- T2 e
)\ = ‘ = ( 2C6Y %
- == N X a \ i
L 4 - - - | — \ -y
=: [ Z \/ (\’i 2 at ) = A:MSP-'*H“ =Y \Q. &b
= o5 > o .15
™N - T ik T 2 140 _ = ™ 6B« & i il < - g
D, = e (Y = sin (32 S=2 LD m g D) T s .70
7 . (2) Ao N
- O = 120 - T sie \TC € 1B0 - Coin \ 20asL)) = \75.4
P\oca nent
\
sokor
3 _
SO0 - —
\ ] \ NN X
JECAUAY Lo yaehoc shedt  diskance
M
din - VAR e 3T = 2339
"
me \4 L4+ W B- 3T = 277,774
torn  QIEc exvd e (\3 eoan
L= S.6Y = 14,86
St = 25.5"
, ) \ \ \
23,328 25,8 & 27,74 \/ (»..\1; W tortonY  endasuce. )
S\.\(\b&x
/ \
Nq | N3 c\J&(o\\ a\iuu ToOX¢O
e o o — \"'\0\'0( 5"_\;' \

N,

*

\ 1 R A\ \
/'\\\ pofamete(s  Cow \bg \‘-ou\r\é b P ‘.L'/i\l;no\'\



17

Appendix C- Shaft Design

[ N,

4 {0 Oum
[ |
—
™2 1
I 1T
“:,J:ﬁ ] Us Py g s
. T | [ \ | v
]
S = VGO Kz Nov oe VT e - J a
C 0\ =
o . Cam =\ Ce = 0.2\ 3.2 ) 7 osu s
@ (g : / b X ) =y o
Jn “n Q\\\Cbt L?\C_,t, = 'L'n(' (Nee N o. ) s | >
3000 ¥ (e000) (22
r erm——— - = ~ ¢
n - \ZoG \ GBR.H _1b-ia
1.8%.4
= T\ Y g Ny =T GHO T
) pres ( ~ ( [
Ne = 3T tea(20) = 135 24 Na = MO 76 ten (20
a5 ¥ 233,21
vz T ! R
e "
| T oasa
]
(7 S
i - N e 26.62
= A .
Mc :257.57
(a5 an MR 4o, 1
\/vz l, —
i 1
e %

=217, 49

My =

€
1
iy
"

Ban = 1012,

D =443

2 e
M o
R L O

B (1a28) =640 T

§) s



18

| =V 13521 * 3N,ya RN
£ >
.\(Q:'\/\/bbx N \19\':
. \/tqs,zg' SNCTRLY = 245 72
| ! T »
iiHB ERY) n”t‘n: 2 /"-r;vr

, /
= 23G.62 * GSo.ll = 641,23

| frorn & 2
i/\lh =V /"“C>1 4 /mtlh
|

= 2 = ) .~
=/247,57 + 21744 * 36%.52

P A . (
[Aesumina
! |

‘
| L= N7V
|

3\/39_ 3 (ks ) "
= TN 4\ ) = 076

|

|

x /.

[ <

| )

i

|

1 7,
] = = 1.97
]

] ' =

IR LN

)
(AN 5 T
BN L T
| Dea =V w ) + 30150
.3 / al /’(3.5\(%2.@“71 2 [ Luss\t '
* N Ty 28K 1S5 ) = 0.8%
1 N ~ v T,
i ey = .06 x \ a¢ S )
| - "-\/ A6 (3N (362N ) "
= V.06 = w\ 278k / = A1
[ 284 K UN
[ U =) ss
| | 2 ayy(z,<)(rus 7 1) p
‘ N7 = _Quu
! % v oW
Cb}‘» L\;\' (ST NG Tiom aXentiex r\<3

D2 076 = _6.%15" {)“"le "2'-1]
| . w4 pe® o mah (tavle Ar-1 ]

B's ® .25 = “2—7((1 .[&rnm E.:—\a\.a. IL]‘?_; ‘_\Qu«\'.-.\a\sf _:}
. =y o ﬂ:ta\,lc AQ*ﬁ]

N (Asute A2-17

]
&
24
(
~
ol

" C
\

™ = Q \ , i
De 2 Oy O.M72t [‘.\c-w\ taole 4-2 ;_\':ftr«('\>‘\.lﬁ_‘__,\é-:}



