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LAD Model

« CADisanextremely versatile tod.

* The CADnmodel was used to visualize how components would
be integrated

It was essential to our success designing and manufacturing.

Fig. 2 Completed Bike




Major Mechanical components

— N Flg 7 Flattened Mudel uf 3
~ Fig. 4 Chain Drive System Fig. 6 30 Model of Back Plate - - - .= RBSEI‘WIF =¥




Gearbox

2-Speed Gearbax

Cable-controlled

 Lowrange for starting (3.781)

* Hghrangefor crusing and
(6.221) regen

Fig. 3 2-Speed Gearbox ‘
TR T T 383338 ‘



Calculations

Sprocket ratio
e Qurideal ratiowas110
CR = —x—

e (R =Conpound Ratio
* N; =Nunber of teeth on respective sprocket

CR=E*§

(Gear
Ratio1:9.8)

Fig. 11 Drive
Chain System

Fig. 10 Drive Chain Sketch



Initial Circuit
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Coast
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Charging Mode
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Fluid Power

Major hydraulic components

Fig. 12 External gear pump and

motor
[ 3.23 in (82,0 mm)
LOCATING SHOULDER
e
: : I Port |
( Valve
! Port 2
Valve
—

Fig. 14 Normally open Solenoid valve  Fig. 1 Bladder A“_.““I_mul

ator
|




Pump and Motor Selection

Jnkiy Motor
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Hose Supplier

our customhoses

A DIVISION OF UTICA MACK INC.
- -, i




Electrical Components

Fig. 18 LED Buttons

Fig. 17 Balluf pressor sensor
Fig. 16 Mobile PLC

Fig. 19 PowerView a0 Screen Fig. 20 T?Ieptq:FII IZVé/leV Battaﬁr g ol ‘
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Hydraulic Reservair

¢ 2 piecesbent stainless steel

*  Designed for construction witha
single continuous weld

Y. inch polycarbonate viewing
windowto nonitor level and
condition of flud

* \entedcap




Chassis Development

Fig. 26 Modified Frame ~ Fig. 27PUWdEI‘I:uatFrn[:essl




Rider Interface Components
Assembly

Mounted Components
o Gear Shifter
 Mode Selector
« Dsplay Screen




Core Drive Components Assembly

Mounted Conponents
° R_n‘p
* (Chains and Sprockets
* Reservar

Puanp
\

- ﬁg.”?:IEFinal ssemhly._- i S
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Fig. 30 Initial Design Sketch



(Cont.)

Fig. 32 Mounted Pump Fig. 33 Mounted Reservaoir

Fig. 34 Mounted Chains and |~
Sprockets with Chainguards i -

i



Back Rack Components Assembly

Conmponents

* Accumulator
« AC

o Batter
Gearbax
 Speedometer
Motor
Manifold

* Hoses

Fig. 33 Initial Design Sketch L Fig. 3 F-IIIE;ASSEITIHV



(Cont.)

Fig. 37 Mounted accumulator Fig. 38 Mounted gearbox & | :.
PLC and battery motor assembly : i



Controller Logic

24V Power
Button 1 | Supply - Drive
L4
Button 2 - »A15 | = Egi ‘—r Regen
_ E08
> AT * E03
Button 3 ' b A1|—» £ | »  Charge
EO0S
» A18 »E03
Button 4 » Discharge
PLC
Sensor1  —
: »Ald—
» A16— HMI | »  Screen
S 2
ENSOT . A10—»
i
Speedometer I

PLC Input/Output Logic -~ - | |



Programing

Controller CODESYS
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Programing

Controller
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Programing

Controller
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Programing
User Interface



Programing




Testing



Ride Testing




* Weneededtofliptheentire B
mounting plate over after |
realizing the gearboxhada |
one-way bearing

Fig.40 Clutch D

*  Onginal motor to gearbax connection was
threaded, to our sumrise it came loose
during testing

» Manufactured new coupling

» Manufactured 72 inch pitch sprocket tofit 9
tooth spline output shaft

A

Fig. 42 Improved Coupling )




Modifications After Testing
* Speedometer Rablerms

*  Sensor fromconsumer grade bicycle speedometer worked intermittently and could not
respond at a high enough frequency (1680 Hz - 1900 Hy)
*  Replaced with a magnetic hall sensor(15 kHz rated)

Fig. 43 Magnetic Hall Sensor



Modifications After Testing
 Chaintensioner * Larger rear sprocket

* Fabncated customrear chaintensionerto *  Increased diameter of rear sprocket to

mitigate derailing issues Increase acceleration, regen pressure,
> - and ease of nding
MPH — wheel c:’r’cumf&rgnr:exn;i::::iﬁ;idxﬁﬂ min/hr

63260 inches/mile

18T (Drive Ratio of 2.428:1) =Theoretical Tap
speed of 27.45 MPH

28T (Drive Ratio of 3.775:1) =Thearetical Top
speed of 17.67 MPH

Flg 45 Drive I]ham System )



Lessons Learned



Lessons Learned

Conponents and parts donat always function as
expected (check valves, gearbax, reed switch,
accuulator charging kit)

* Rurchasing lead times must be considered when
scheduling

»  Scope creepis a big factor during fabrication
especially for new or unfamiliar processes and
when building fromthe ground up.

* Rud powered bikes are inherently difficult to
ride and do nat balance themeelves.

Fig.4B Attempting tu diagnusgrgg‘e’n.ismme
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