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After the two generations of solar cars developed and WSC2003 (7th World
SolarChallenge),we have thought about the meaning of re-design and building of FORMOSUN
3.We concludedthat it’s a great goal for us to build a world-class solar car and to train a first-class
racing team. Besides, the development of 3™ generation car would contribute a lot to new-energy
cars in the future. This year, we have completed the design and start building the whole car .We
would also participate the 8" WSC in Australia.

Comparing with the 2" car, we improved the aerodynamic drag coefficient of the shape to
the half ; we reduced 20% weight of the car by using more effective materials and structures; we
used our self-made wheel and low-resistance tires; we used high-efficiency GaAs solar cells and
developed novel encapsulation technology; we programmed the on-board computer with weather,
route information and strategy which leads the automatic speed control and strategy decision.

In the scope of manufacture , we extensively use CNC on machining body
molds,suspension,etc. to improve accuracy and shorten work time ; we completed the electric
system and on-board computers ;we developed big-size measuring methods to improve the
accuracy of molds and parts. Besides, systematically schedule arrangement lead to better team

cooperation and efficiency than 2™ car.

Keywords : Solar » Electric Vehicle > Energy Management » Composite
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FORMOSUN 3 & :n¢ £ 4 pe

Weight(kg) Qty. Subtotal(kg) total
driver 80 1 80 80
Battery 26.5
Cells 25.5
Box&wires 1
Solar panel 18.5
Cells 14
Adhesive 3
Wires 1.5
Cowl 36.7
Upper 14 1 14
Lower 11.7 1 11.7
UpperBulks&Joints 4 1 4
LowerrBulks&Joints 6 1 6
fasterner 10 .1 1
Canopy 2.02
Pc 1.3 1 1.3
frame 0.72 1 0.72
Chassis 36
Monocoque&Panels 31 1 31
insert 14 5
Suspension 19.3
front
Shocker 1 2 2
hub 0.5 2 1
wishbone 1 2 2
brakes 1 2 2
wheel 1.5 2 3
rear
Shocker 1 2 2
trailing arm 1.3 1 1.3
wheel 1.5 1 1.5
steering 1.5 1 1.5
electrics 36.2
mppt 0.8 9 1.2
circuit braker 1
wire 3
motor 20
controller 5
total 255.22
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FORMOSUN III power system diagram
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Instruments:

e Lights>Brake lights: (on brake paddle)
Turn signals: flasher + bulb (on steering handle)
Horn
Rear view camera
Radio modem: data transmission
On-board computer: Infineon C167
Dashboard: LCD module (speed, mode, solar power, SOC, ignition status, abnormal alarm)
Voice communication
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On car strategy flow:

Input: MPPT currents & battery SOC

Output: command to motor & many predictions BC setting (set two of the threes): —
Target battery remnant, target mileage, target stop time

A

Measurement: / .
10 MPPT 1 / » | Solar power prediction

In the very beginning
of every morning

) Energy
Batt.ery S.OC Measurement: Calculate SOC »X) available
calibration Battery I today

Data from support vehicle / Update:
Wind speed / SOC, mileage

v

Command to motor & prediction:
Current to motor
Timing of control point, whole day mileage

Timely| Once per 15 min Target battery remnant, target mileage
measurement
Glossary
V: voltage
I: current
T: temperature 2004/12/12
. X F ¥4

i OB g WSC2003 i 7 5= B éi%] T # s ik enE Plicdy 0
MATLAB Curve Fitting Toolbox & curve fitting > B~ {¥ w ﬁﬁ: D5 Hw TT?'\ A SN2
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/ Atmosphere

Thickness
B
Fig. 2.2 Sunlight latitude angle. %‘] 80 S J‘ H!;_ ~ é,]— ’3— }iﬁ

FP 0 b oo AP R T 52 S i i® 5 parametric curve fitting 975 5% (382 )¢

44640

the two constants 62100 and 44640 mean sunrise time

62100
f(X):ax{sin[(X-’_ )xzﬂ+c » where a,c are constants

and daylength relatively (£2)

¥13% curve fitting e % > 12 %3t & 9 R-square &2 RMSE( root mean square error )
5 2R (e )

R —square :

\ 2 n 2 n z
SSR:ZWi(j/\i_)?) g 557=ZW1-(J/1_7) ’ SSE:ZWi(‘Vj_J’/\j)
i=1

i=1 i=1
SSR SSE
R—-square = —=1———
SST SST
RMSE :
SSE' ]
MSE = » wehre v 1s degree of freedom
1%
RMSE = 7] USE ()

B8l ~82 & &5 fit2 &%

Tirue intervals R-zq EMEE
8-10 0.65734 1.09889
8-12 0.88345 0.84252
8-14 0.84217 0.88157
8-16 0.66520 1.42071
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Bl 81 ~ curve fitting ¥ good of fit

Analysis of fit "sht19fit" for dataset "sht19"

—+— sht15it
= sht19 |4

Fit

1395 curve fitting = ﬁﬁ;"— w8
B o] pErL b e EL o curve fitting
ITENARR o

%7

c. BFHP PR

FORMOSUN # 1g, & Siegen Univ. &

Fitto analyze: [sht!8ft (sht1 @)« Xi T
7200 671355
Anal it i = [7200:3600:32400
e 10800 536812
14400 42227
[¥ Evaluate fit at Xi 18000 422327
21600 8.36813
Prediction bounds. 55300 R EG
* Mone 28800 4 36453
32400 147124
" Forfunction
 For new observation
Level | 95 %
[ 1 st derivative at Xi
[~ 2nd derivative atXi
I~ Integrate to Xi
O Start from mingi)
 Startfrom |0
¥ Flot results
[ Flot data set: sht18
Save toworkspace. | Apply | Close | Help |
NNl X o5
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Bape f B 2@ $®F (World Solar Challenge > WSC) #f i c12. 7] ([§] 84) »

T BEd 5 S000Wh 3 5 4423 43 T4 5 30Kg  * AR &AL §
R R B ERER

The cells or battery modules must be rechargeable by the vehicles in which they are
fitted. The make and number of cells or battery modules is free. The total energy allowance
is based on a nominal 5 kWh (20-hour rate) and is determined by mass.

B.2.1 Pb/Acid: 125kg ( 40 Whikg)
B.2.2 NiMH: 70kg (70 Whikg)
B.2.3 Ag/Zn: 40kg (125 Whikg)
B.2.4 Ni/Zn: 75 kg (66 Whikg)
B.2.5 Ni/Fe: 100kg (50 Whikg)
B.2.6 Standard Li-lon: 35kg (140 Whikg)

B.2.7 Plastic Li-lon:

(‘Li-Polymer’) 30kg T
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Nominal Voltage: 3.8 V (from 4.20V to 3.00V)
Nominal: 1820 mAh

Internal Resistance: < 30 mQ

Energy (Wh): 6.88 Wh

Energy Density (Gravimetric): 191 Wh/kg

Cell Weight: < 36¢g

®]86 ~ LPC356285T Specification

F]% & i 7] 100V—=5000Wh 73k 3+ F F > £ 18 - 2 & 113.4V—4855Wh—25.272Kg ~ 27S26P
(B 87) chjsv ¥ 2 A% LT {9 3 0 o PRA R RPFRHIAp g TINT 3 0 F
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=
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Ah sum

+ Ah sum
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3.800
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Bl 91 ~ Gas gauge system
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2005 Panasonic World Solar Challenge
Qualifying Results from Saturday 24th September 2005, Hidden Valley Raceway Darwin

29km flap
Grid
Start Lap Time | Speed
Position Car Name Car # Team Country Class mm-gs | km/hr | UHF #
T oKy Ace 1102 51 |Ashiya University Japan Open T09.18 | o700 29
2 Formosun 3 66 |Taiwan University Taiwan P 2-01.57 85.88| 16
3 Momentum 2 |University of Michigan USA Open 2-01.74 8576 21
4 Aurora 101 |Aurora Vehicle Association \VIC, Australia  |open 2-03.22 8473 20
5 STUT 168 |Southem Taiwan University Taiwan Open 2-06.29 82.67 12
§  |Apollo 5 95 [Kaoshiung University Taiwan Open 2-14.23 | 77.78] _©
7 Tesseract 6 [MIT USA Open 2-23.57 7272 27
8 Nuna 3 3 |Nuon Solar Team Netherlands Open 2-25.90 71.56] 10
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2005 Panasonic World Solar Challenge

Final Results

Panasonic

A7

WoRLD SOLAR

CHALLEMGE
Approx. km from
Position | Car# Car Hame Class Control Stop Arrival Time Darwin *
1 3[Muna 2 Open Finizh of Timing 1241 Wed 28th 29983
2 101 |Aurora Open Finish of Timing 1705 Wed 28th 259953
3 2 [Momenium Open Finish of Timing 05:48 Thurs 259th 28953
4 31|TIGA Open Finish of Timing 09:15 Thurs 25th 28032
5 BE [FORMOSUN 3 Open Finizh of Timing 11:31 Thurs 28th 29983
& G [Teszeract Open Finish of Timing 15:30 Thurs Z8th 29953
7 95 |Apolle 5 Open Finish of Timing 15:45 Thurs 25th 28052
2 41 |HansGo Open Firizh of Timing 16:35 Thurs 28th 20983
9 & |3olutra Open Finizh of Timing 10:36 Fri 30th 289583
10 63 |Soleon Production |Finish of Timing 12:45 Fn 20th 28953
11 T |Umicaore Open Finish of Timing 14:34 Fn 30th 28052
12 52 |Kelly Production  |Finish of Timing 15:43 Fri 30th 2098.3
13 SlAglaia Froduction |Finish of Timing 9:56 Sat 1st 289958.3
14 13 |Towards Tomorrow | Stock Finish of Timing 1324 Sat 13t 28953
15 168 [STUT Open Finish of Timing 14:35 Sat 1st 28032
16 80|Jules Vems Open Finizh of Timing 10:52 Sun 2nd 2725
17 96 |Sunstang Open Finish of Timing 15:23 Sun 2nd 1573 **
18 20|Leeming Sungroper |Production  [Finish of Timing 1906 Saf 18t = el
e 49 |Sunswiit Open Finish of Timing 1710 Thurs 29th 2958 3
* 99 | Southern Aurora Open officially withdrawn Alice Springs 16-13 - 27th Sept
* 21 |Heliodst Froduction |officially vathdrawn Dunmarra 15:45 - 26th Sept
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