. LB P e
Vehicle Research Institute







o . gy e ey

MAPQUEST " T \YTA of I el
A pateiite West Vancouve Wl g

ABerni R s, Lantwlllf '''''''' Harrison Mill_;o
; l\?naimo Rlchmond Ny Fort Langley; o=
AP \:\ = s .
J e ¥ -
/ . \g edar b
; Cassidy) (s]]
»/ P \|¥<dysmnh
. a - L k .
mfield ake Cowichan o \North Cownchan 42} n
di}uncan p- / Newl
a'x) Snd '
Central Sa |ch :
Port-Renfrew
oA Ad Sedro  Woolley' o Concrete ¢
River Jb'r‘dano. _ : s AVICERgS, = ,-_',’_’-ount Vernon “Rock
T ' : ' 23
' @ Oak Harboro . D
&= . ~ Parrin
Cqu‘pewlle oC} Arlmgton <
. - Joyce Port A eles TP Townsend ": %
Sapp')o—— i ?\v g ..&___— ._:?-g p 9" . T Gl’anlte Fa"s S|'Ve
= = | @ Poq Hadlock |
| @éﬁ"‘s Port uédlow Muk"t
2 (11055 100 or Gold Bar
: \1\'} Olympic Quilcene Hansml'e L 3 :
Q?- = Natl, ;‘Ip § : \:-q\"'ld!
,}’7" Park

\ \Kalaloch
?Queets 8}@;‘ '. = -
e Ma?mk Qulnautt @959« Port Orchar d 2
$

Jaholah - Neilton Grisdale ,Hoodsport 130

l

Mocllps Hufﬂptu'ws Matloc}( Unlversny Pl Erurclas

S > Greenv
\\ § =
@ 2007 ManOriect oS Beach o SO ; §henm Man' Data @2007!Manm Inear AND



ts

Jec









Okse

Outline
Problem
Benchmarking
Requirements
Design Process

Safety Targets / \
Material Testing ‘\/-/\
Suspension Design
Powertrain Design WESTERN

Fabrication WASHINGTON UNIVERSITY



/ \-‘

\ L\

WESTERN




Top Speed: 40 km/hr Load: 460 kg
Range: 48 km Power: 7 kW



e-Ride Industries EVX4 Patriot
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Canadian Electric Vehicle
Might E Truck
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Inspiration—Jeep and Pinzgauer
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A gardener
explains
reach issues
and the
preferred
tool storage
angle during
focal follow
video
ethnography
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Requirements

Overall Chassis width of 1524 mm max

Packaging to Accommodate a North American 95th percentile male and a
5th percentile female

227 kg payload

Bed 1219 mm x 2438 (4ft x 8ft Plywood)

Range 64.4 km (Tax Benefit)

Max Gross Vehicle Weight: 1124 kg (Legal limit for Low Speed or NEV)
Fully enclosed cab

More space in the cab

Integrated lockable exterior storage

Fully enclosed and compartmentalized battery and powertrain mounting
Engaging exterior design

Ground Clearance 255 mm

Maneuverability
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Storage and Ergonomics

Two exterior storage storage boxes per side
1000 mm
390 mm

Built mockup for testing of opening methods
, L -/




Heating

e Webasto Air Top 2000 ST
e Gasoline heater

o ~2.8 liters per hour at maximum
load

e Front/rear windshield, passenger,
cab

e 6,824 BTU/hr (2 kW)

Required 1.75 kW (35°F change)







Accommodate
5th percentile female
95th percentile male
150mm seat travel

220 steering wheel angle

Challenge: Visibility!
5th percentile female
95th percentile male
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Departure Angle = (33.98") Breakover Angle = (25.52%) Approach Angle = (34.9¢




Safety Targets

Gross Vehicle Weight Rating
1124 kg

Front Impact: 20 G or 196 m/s?
Force: ~240 kN

Target Roof Rollover:
3 G or 29 m/s?

Force: ~1824 N




Validation Testing with Aluminum
Honeycomb Panels

Machining - T-Panel
panels Tensile Bend test U-Panel

test





http://youtube.com/v/NGynXla3BNw
http://youtube.com/v/NGynXla3BNw

Suspension Goals

Low cost

Off the shelf parts to minimize
fabrication and maintenance
costs

Suspension Travel: 300 mm
127 mm Bump
178 mm Droop

Steering Angle: 5509
Ground Clearance: 255 mm

Tough: 7G ~70 m/s2 Bump Sl | ‘

Ml
Minimal toe change in bump and jL__
droop [E




Front Results: Independent Short Long A-
arms

Allows for good control of wheel movement

Roll center at 100 mm

~457 mm long control arms
Minimize front track
Reduces articulation of bushings and ball
joints

275 mm total travel

Easily drive over curbs

0.06° Toe Change

19 toe change in bump and droop

Rear Results: Semi-trailing arm
independent suspension

Durable, compatible with transaxle

275 mm total travel

312 mm Clearance

1636 mm track width (100 mm wider)

2337 mm wheelbase




Transaxle

e VVolkswagen 091 Bus

e Limited Slip Differential

e Mated to upgraded VW Bus
clutch assembly

e High Torque Capacity

e High Low-Speed Thrust




Electric Drivetrain

System Goals:

e 30kW Power Output -
e 65 km range (Tax incentive) '

e 10kWh battery pack

e Hill Climb




Electric Powertrain Output

Motor Output: up to 60kW (80hp) and 240 Nm (177 Ib-ft) torque

Speed Continuous
Thrust
kph N
21.5 7,647
39.4 4,166
56.1 2,931
95.7 1,719

Acceleration

0.96

0.52

0.37

0.22

9.4

5.1

3.6

2.2

Peak

Thrust Acceleration

N g
14,709 1.84 18.0
8,016 1 9.8
5,645 0.71 7.0
3,309 0.41 4.0



Battery Pack: Melasta 10AH 10C

10 modules of 20 cells each, 7.4 kWh

Melasta SLPB8070170

Cost

Size

Height

Width

Thickness

Orientation

Weight

Nominal Voltage

Max Charging Voltage
Rated Amp-Hours, 1 C
Charge Rate

1C

Max Discharge

Rated Wh

Max Continuous C

Number Of Cells (+20 extra)

Modules - 10
Cells per Module:

Voltage per Module:

Module Cell Mass:
Module Energy:

LiPo
$ 32.66 40.83 orig

170.5 mm
69.5 mm
7.4 mm

200 g
37V

10 Ah
3C
10 Ah
10C
37 Wh
10C
220

20 cells
37\V
6100 g
740 Wh

Packs of:

Width:
Length:

2

170.5 mm
69.5 mm
14.8 mm

400 g
37V

20 Ah
3C
20 Ah
10C
74 Wh
10C

2 cells
5 cells

Desired Voltage: 370|V
Cells In Series: 100|cells
Series In Parallel: sets
Pack Height: 170.5|mm
Total Pack Width: 69.5|mm
Total Pack Length: 1480.0|mm
Split strings in half:
Total Pack Width: 139.0{mm
Total Pack Length: 740.0{mm
Split strings in quarters:
Total Pack Width: 278.0{mm
Total Pack Length: 370.0/mm
Dimensions:
Module Width: 139|mm
Module Length: 74|mm
Built Estimate:
Overall Width: 164 mm
Overall Length: 99 mm

Total Amp Hours: 20.0|Ah
Max Motor Power: 74.0|kW
Max Continuous: 74.0|kW
Amp Hours at Max: 200[{Ah
Capacity: 7.40|1kWh
Battery Mass: 40.0kg
Cell Cost: $7.185.20
Amps at 60kW: | 162|Amps
10.94|in
14.57in
5.47|in
2.91|in

~165
~100



Fabrication and Manufacturing




Fabrication
and
Manufacturing
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Fabrication and Manufacturing




Thank You!



