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Introduction Design Space Designation
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Required Product Spedification
Introduction Design Space Designation Design Optimization and Analysis Manufacturing Analysis
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o X|ZAL QEE FAZ|o} AAH O
e XNE=9: B400KV
o XA FA: 100kg

e XI1HE:9%km/h




Reference Spedification

Specification
BZ: 20cm #{2: 8mm FF: 60mm $E: 50mm

diameter: 20cm

aperture: 8mm
hole depth: 60mm

Wheel width: 50mm
FZE8mm

Hi20cm

Wheel

Polyurethane, Rubber

Introduction Design Space Designation
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170.712

Motor

Aluminum case
24V, 200W

Battery

Aluminum case
59 * 14.8 * 6 [mm]
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x4 L8| 400mm
x4 40 460mm
x4 =0 330mm
2t =0 60mm
40| =0 230mm
sE0| =0 480mm
O[Xt} S HX| 4 15degree

AN2EAN: M0 M=
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\'}.k r —"Vv: |
W/ - —1 Weight of Weight of
_— i IT/ Postures Sum(N)| Front-Rear half | Left-Right half
T ! e , ostures (%BW) area area
Ve . . . .
'l% (ch;‘:ht ratio) (Wclght ratio)
—vvve Erect | 414N [ 130N-283N 201N-213N
XA 2E 7| XA 201 XHA| ‘ (58%) (1:2.2) (1:1)
Middle 642N 355N-289N 312N-330N
© 1 (90%) (1.2:1) (1:1.1)
s 589N 554N-36N 299N-290N
Front | ‘g30/) (15:1) (1:1)
SIOUCACA | (569%) (1.4:1) (1:1)
Sided | 450N 21 IN-240N 348N-177N
(Righty) | (63%) (1:1.1) (1:1.9)

KA RO W2 CHESH B1E ZAESO0| 42

Altair Optimization Contest 2020, Team Neat!



J\ ALTAIR

Introduction Design Space Designation Design Optimization and Analysis Manufacturing Analysis

SAM & 2 80kg d¢l HE 7]F: 4.5kg

GHe 55 7|5
-> 100kg -4 ¢l =4 7|&: 5.6kg(55.18N)
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OIX} IZF QX LEZ F WA g HkX o HNEeE) g HHNeRER)

XM O|x} & 88.9N 88.9N 215.8N 55.1825N  70.5N 70.5N
Sum: 58% O|x} F 195.6N 195.6N
= QIXEM| O|X} 214N 214N ON 55.1825N  70.5N 70.5N
Sum: 80% O|x} F 178.4N 178.4N
/= O|x} & 192.8N 101.5N 215.8N 55.1825N  92.4N 48.6N
Sum: 63% O|xt H 212.1N 111.6N

s20| ot5: =0 XM BT 2|XtSts - HALM & 2|kt ot

o 2 oS 100% - & oAtots - 0| ofs - & B ot

ANEEN: AR 2L EE A|AE T
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2 FlEX =T 24*55

BREM[: 180mm * 300mm QEZ J|ch X}M|: 90mm * 300mm

ot MZE: 21655
Zt HEHO| HNZ 57510 &™H= A Aot}

180mm * 240mm

NEEN: AAAM 2L EZ A2 JHE
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O|Xt &% G Bes |5 2 dh 5HE(21F) 2 HE(QER)E g E@EF) o A (REE)
SN O|X} 2.05E-03 2.05E-03 4.00E-03 1.53E-03 1.53E-03 1.36E-02 1.36E-02
Sum: 58% O|X} FH 4.34E-03 4.34E-03 4.41E-03 4.41E-03
= QIALA| O|X} 4.95E-03 4.95E-030N 1.53E-03 1.53E-03 1.36E-02 1.36E-02
Sum: 80% O|Xt 3.96E-03 3.96E-03 4.41E-03 4.41E-03
2% O|Xt @ 4.46E-03 2.35E-03 8.00E-03 1.53E-03 1.53E-03 1.75E-02 9.20E-03
Sum: 63% O|Xt & 4.71E-03 2.48E-03 5.83E-03 3.06E-03

S = (@) Mo x=XAHA- oLz
2 SRU9| HY = FHo10] E = AUtk [Mpal

2
XM XM O 2 47} Load cases7r HZICtH
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BAL2L| ZARKO M2l 37HX| 2E
AHO| 27t M ZICt,
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AALZE 0, "M

O BAZE 0, =2 AtA|
ZALZE0, @Z o2 J|th KiA|
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A 100 M= AN
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Shaft(® BFF| HE ) 2Xe &4
z, dz Ak 715

zale F(@H 92

)

e 9o HFR Q| Shaft, RE{Q| X|X| &7} dx, dytFo = [T HIO|
Gl Al: dxB|H HE et = OB E dzFH2 7% 2| HYHO| UOoLiD x, vy &ak
C=ZO| HAl HHO| H“éﬂ%* = ‘RAOE‘E zAtS T 5ot0t
® OXt= x, yHHC =] HR[E F &Sl =L

EH = 780t RBE2(SHHS X)& d-dot0 T H =Lt
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M O7] - 2|™=F: contact
3| M3 non rigid

= | i | . )\ o X (@]
. . 2 I 2 | O|; - I:
HF I:II-jCI: non rlgld ||_ " ||_ X‘Il | 1L .Il &. contact

X017]: rigid

O|X}- =¥ contact
O|X}: rigid
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Young’s Modulus 1300[Mpa] Young's Modulus 69e+9[N/mA2]
Poison’s Ratio 0.42 Poison’s Ratio 0.3

Density 904[kg/m" 3] Density 2700[kg/m* 3]
Yield Strength(2%&l)  40[Mpa] Yield Strength 250[Mpal]
Yield Strength(%%) 10[Mpal] F0=s

E2t2El(Polypropylene)

Xt&=Z&X: Typical Engineering Properties of Polypropylene, INEOS, Olefins & Polymers USA
https://omnexus.specialchem.com/selection-guide/polypropylene-pp-plastic
http://www.matweb.com/search/datasheet.aspx?MatGUID=a882a1c603374e278d062f106dfda95b

Altair Optimization Contest 2020, Team Neat!
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Frame(1st Design Space): & &0|&
Shaft(2nd Design Space): ¥ 20| &
Chair frame(3r@ Design Space): ¥ Z0|&

Arm rest: rigid body
Foot rest: rigid body
Back rest: E2tAE
Motor: RBE2

Front wheel: RBE2
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Features and Specifications:

HE 2IH0{=E: 1.6 ~ 2.5m/s
O H| 7d: Z[CH 5

Nno

Operating Voltage (VDC): 24
Output Power (W): 200
No-load Current (A): <3.6 _' o II = A
No-load Output Speed (RPM): 135 U

Motor OD (mm): 79 LT oT. 15.7 Hz
Output Shaft OD (mm): 17 (with 6mm keyway and key)

Weight (Ibs): 31 for a set (15.5 Ibs per motor)

RPMgpgine * TireRadius x 2z

Trans Ratiocmsen Gear * Axle Ratio

Speed,ehicle =
(€A ©

Ut FWH|0f 2Ef

2EN:

http://unit808.com/shop/goods_view.php?id=2528467187&ad_code=naver_shopping&NaPm=ct%3Dkdxkbxgo%7Cci%3D13099fcc36163cff429caa0704d547b733c0c
683%7Ctr%3Dsls|%7Csn%3D637611%7Chk%3D006d04f0f7d0c93785d58c5ef92dce595066f4e6

http://craig.backfire.ca/pages/autos/horsepower

Altair Optimization Contest 2020, Team Neat!
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| Frame Optimizationand Anallysis

T
-

ZXIsisl Zhof 2} Element sizeS LA Eo|1
DTPL cardOf|A{

MINDIM = Element size * 3

MAXDIM = MINDIM * 2 2 MAsiC},

Design Variable 240 =gQe] Y4 HE
Objective Weighted compliance Z[2-3}
(RE Z20l Cheh 2 o))
Constraints 1. Von mises stress <= 83Mpa

2. Target Mass <= 20% ~ 30%
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129.6 kg Z2FE2:73%

Max Von mises[Mpa]  Safety Factor

ODegree GXHA| 1.32 189.3939
ODegree =5 QI XtA| 1.63 153.3742
ODegree &% 1.585 157.7287
ODegree LEZ% 1.697 147.3188
10Degree "3 AHA| 2.063 121.1827
-10Degree = QI XHA| 2.577 97.01203
Element Size: 25 2 WCOMP Complian - - - 1813E:01 MIN
Minimum Jacobian: 0.99 i FREG N froque S T oeseies © 2i00ee00 b0

Mass Target: 25%
Iso value: 0.4

OPTIMIZATION HAS CONVERGED.

FEASIBLE DESIGN (ALL CONSTRAINTS SATISFIED).

e sk sk sk ke ko sk sk ks sk ok o sk ok sk ke ok e sk ok ok ok ok sk ok ok ko ok ok ke sk sk ok ok sk sk ok ok ok ok ok ok ok ok ok ke sk ok ke sk ok ke ke ok ke sk ok ke ke ke ok ke ke
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| Frame Optimizationand Anallysis

23.34 kg ETHED:82%

Max Von mises[Mpa] Safety Factor

ODegree JXHA| 3.097 80.72328
ODegree = QI X}A| 5.373 46.52894
ODegree &% 3.99 62.65664
ODegree LEZ% 4.639 53.89092
10Degree “SXHA| 3.756 66.56017
m10Degree = ¢ AbA| 3.11 80.38585

Element Size: 10
Minimum Jacobian: 0.83

Mass Target: 27%
Iso value: 0.37
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7.2 kg

Element Size: 7
Minimum Jacobian: 0.83

Mass Target: 25% 2t ool BT BEE2E Ossmooth2| connection detectE 0| &5}
Iso value: 0.5 o A&z 8% el €0| P85 F=50M SHES0| 24
= S A0 278= -> polynurbs X 2| 2 THBH A
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| Frame Optimizationand Anallysis

8.1 kg AU 65%
Max Von mises[Mpa] Safety Factor

ODegree GXHA| 6.9 36.23188
ODegree = QXA 9.65 25.90674
ODegree &% 9.084 27.52092
ODegree LEZ% 15 16.66667
10Degree “SXHA| 12 20.83333
m10Degree = ¢ AbA 9.65 25.90674
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| Frame Optimizationand Anallysis
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59.4 kg
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| Frame Optimizationand Anallysis

21.57 kg ZETEL:76%

Max Von mises[Mpa] Safety Factor
ODegree JXHA| 9.44 26.48305
ODegree = QXA 11.7 2136752
ODegree &% 14.2 17.60563
ODegree LEZ% 18.6 13.44086
10Degree “SXHA| 13.9 17.98561
m10Degree = ¢ AbA| 16.2 15.4321

Element Size: 10
Minimum Jacobian: 0.99

Mass Target: 20%
Iso value: 0.19
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| Frame Optimizationand Anallysis

ba.

|12FZFA - 71%

5.1 kg

Il
O

Element Size: 5
Minimum Jacobian: 1

Mass Target: 25%
Iso value: 0.7
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O|Xl-mgd MZE B HiF o|M=-mE Y HZE B
(214 5mm M5LEAD

A Xt ZIOAM Xt ¥ 0| Hot= £&20
HZ2g nHa

L 4d4d

Polynurbs M 2|2} &7 MZE2F& ZE2d
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5.54 kg AU 74%

Max Von mises[Mpa] Safety Factor

ODegree JXHA| 26.9 9.29368
ODegree = QXA 26.6 9.398496
ODegree &% 35.6 7.022472
ODegree LEZ% 33.8 7.39645
10Degree “SXHA| 423 5.910165
m10Degree % Q1 XtA| 45 5.555556
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o

£ b '
'Z‘-v |
WN

PYVY PPV VVVVV PV VYV

"
>

3

<

-
B
A4

;-

-
A

Design Variable HE 2] o] dd 2
Objective Weighted compliance ZX[A3HZ A Z|CH)
Constraints 1. Von mises stress <= 83Mpa Iso Value: 0.5

2. Target Mass <= 30%




Introduction Design Space Designation Design Optimization and Analysis Manufacturing Analysis

I ShaftOph .. andAnaIyss J\ ALTAIR

Contour Plot
Element Stresses (2D & 3D)(vonMises, Max)
Analysis system

S Maximum VonMises stress: 8.1Mpa
7.204E+00
6.303E+00 i b
/ (o) AL,
5.403E+00 I_I-IL-I 7'.“_|_- 30
4.502E400
3.602E+00
2.701€+00 : 1. fd 2HE Tdg 42 A8 A+E O
1.801E+00 8 | SEAYFES O EA S =AY
9.005E-01 R = MM =2 o B|sf o2 H= A
21STE0T | 2. MZ Fof 20| FE FF0/7|0 FE
0 Resu = MOl ¥F7| =0
Max = 8.104E+00
3D 3087890 . N .
- A2 2EQH § xS YA e
Min = 2.137E-07 :
7oz mct
303086318 A i
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Iso Value: 0.5 Design Variable O|xte| 4 ©
Objective Weighted compliance ZX[A3HZ4A Z|CH)
Constraints 1. Von mises stress <= 83Mpa

2. Target Mass <= 20%
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| CreirframeOpiimizationand Arelys
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ORI HF

XtEEA: https://m.blog.naver.com/PostView.nhn?blogld=gig515&logNo=2200563327438&proxyReferer=https:%2F%2Fwww.google.com%2F

Altair Optimization Contest 2020, Team Neat!
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2.723E+01
2.420E+01
2.118E+01
1.815E+01
1.513E+01

1.211E+01

9.083E+00
6.059E+00
3.035E+00

— 1.163E-02
No Result

4.521E+00
4.020E+00
3.520E+00 "
3.019E+00
2.518E+00

2.018E+00
1.517E+00
1.016E+00
5.159E-01

1.526E-02
No Result

XN AEA = 8.9

2.876E+00
2.557E+00
2.238E+00
1.919E+00
1.600E+00
1.281E+00
9.626E-01
6.436E-01
3.247E-01

5.745E-03
No Result

XX etHA 2= 14.3

(AAIZE -10EK) (AAIZE 10E)
Z| X FEA|4=: 9.2
(BAHZ 0, =2 XiA)

A
=4 1=
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— Roho
Foam

Gel

Cushion

Temperature change °C

Water

r T 1 T 1
0 30 60 90 120

Time (min)

Convex base filler accommodates sling seat sag

® GelZ AFE%H &2 B polyurethane SECH G HEO| ZE|[0f 2 AlZH 2 K
of0f QOFQl= AFRIS O BN B LA T4 QICk

XIZ=ZX: Technical consideration in seat cushion selection by Martin W. Ferguson-Pe
Altair Optimization Contest 2020, Team Neat!
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Altair Optimization Contest 2020, Team Neat!

B
)I

xE 2it=

i : 49Mpa
A 5.1 (BAH 10k)

0:
>

2| ™M= 22Mpa
AT 11.3 (BAH -10k)

O|XI Z=2||Y: 27Mpa
I A 4= 9.2 (BArZ 0 = QIXbA|)

E2tAE 1fE: 45/ 2.8 Mpa
OtM A4 8.9 / 143 (BAtZ -10%, 10k)

E| X AHAH =+ 5.1
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| CreirframeOpiimizationand Arelys
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PLEITOLARUZIEIZOLESHEME 5ikE1 (8%)

Aluminium and aluminium alloys cold-drawn tubes

0.035

v 6 | 0027 0.042

2 8 | 0037 0048 0059 0.068

3 10 | 0047 | 0062 0075 0088 0112 | 0.123 | 0.134

« 12 | 0057 0075 | 0092 0108 | 0.139 | 0.153 | 0.167

5 14 | 0.088 | 0.109 | 0.128 | 0.166 | 0.184 | 0.201 | 0.240 | |
¢ 16 0.102 | 0.125 | 0.148 | 0.193 | 0.214 | 0.234 | 0.282 | 0.326
r 20 0.128 | 0.150 | 0.189 | 0.246 | 0.274 | 0.301 | 0.366 | 0.426
& 30 0.195 | 0242  0.289 0380 | 0424 | 0468 0575  0.677
9 35 0.284 0339 0447 | 0500 | 0.552 0679  0.803
10 45 | 0.368 | 0439 | 0.581 | 0.650 | 0.719 | 0.888 | 1.05
1 60 0.5%0 0781 | 0.876 | 0.970 | 1.20 | 1.43
2 70 | 0915 | 1.03 | 114 | 141 | 168
13 80 118 [ 130 | 162 | 193
1@ 90 133 | 147 | 183 | 218
15 100 164 | 204 | 243
6 120 ' | 246 | 293
17 140 344
1 160 ‘

19 180

20 200

1070, 1050, 1050A, 1100, 1200, 3003, 3103, 3203,
5005, 5050, 5251,
5086, 6060, 6061, 6262, 6063, 6082

1388 481

JIS H 4080
5052, 5154, 5754, 5056, 5083,

SRUHIMEE W (kg/m)

0535 0627
0869 105 | 120
104 125 | 145

| 137 167 | 196 | 247 | 293

187 230 | 271 | 348 418 | 482

221 (272 |321 | 415 502 |58 |655

254 (314 | 371 | 482 | 585 |[682 |772 | 856

288 355 | 421 (548 669 | 782 |89 |99 108

321 397 |472 615 |752 | 883 101 (112 123

572 [ 749 920 [108 [124 [139 [153

455 564 | 672 | 883 109 (128 147 166

522 648 |7.72 (102 (125 (148 [17.1

580 732 | 873 (115 [142
815 | 973 128

© WMOMEE:W=0.00836t (D-t) It :2.66
BRSReEsE

| - e o=
Y20l U L2205 &3
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saysens bil it ytistory.com

AI2ZXN: https://saysensibility.tist

B4 = A LIS HZE 4 UEE L)
b He 53 52 A8

e oA N 53 5 AgNoRN T
B 47F JObY 4 Qo5 2 77 HoIM 7}
T SN2 FHE MBS TuEg 2E
53 52 ALgots 200] ofLLh)



| Middle pipe Design

1917 2 2017 B 30 R 4UT R s R

H& [mmA2] 120  50.643 49 29  41.641
AP E[mm] 12.36 8.03 7.9 6.07 7.2
CHHA 185 50 48 22 37
1. 7l | HetEl nEo| S AZE & tHEHAx(=Zd 23)
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Q4 a3 ELES| CHHA = [cmA3]
6 4 15.7 17.008333
8 56 25.6224 38.177376
10 6 50.24 85.408
12 8 62.8 136.06667
14 9 90.275 223.26942
16 10 122.46 340.59188
2. 0| = (53 )2 THHA
HCHHA = Io|Z 9|4 Ibo|= CHHA =
1948 & 185 14 223
294 2 50 8 38
3 2 48 8 38
4094 & 22 8 38
5AZ 2 37 8 38
WA a7t "Hl==5tAHLE 1 O] el mo|=& ME et
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19285 20148 3¢iEs AAZE 5HAS
SN 0.193 0.561 0.204 0.297 0.125
= OIAEA| 0.411 0.762 0.664 0.57 0.365
%= 0.329 1.52 0.653 0.688 0.409
REZ 0.344 1.6 0.687 0.708 0.484
102 (EXEA) 0.229 1.24 0.577 0.546 0.236
m10.&= (5 QIKkA) 0.429 1.79 1.13 0.98 0.12
& EHHA[mmA2) 120 50.643 49 29 41.641

oV @- @B W ISPL YL FFPOLER LSLEF ©-00000=—""—
2IN] 51.48 90.65097 55.37 28.42 4.99692
Q& 14, 8Uto|=of| 7isE Z|Cf B 33 / &2 240t
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LERH/LEALO] Eat S =] E|CH 3]
7 AL IHE

HEh ot 23 by Zekg oy
XA 14mm 1367784789 6.864 3.782204082
XA 8mm 9.841280181 25.18055556 5.55
3H{-14 4103354367 20.592 11.34661224
3HY-8 29.52384054 75.54166667 16.65
OF™ A 4= 8467733039 3.309431881 15.01501502
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AbEtel 24:1000N

O|Rt-Z R &tF: 1222 4 ¢0s(80) * 3 = 65N
(8= LtA} == 3= load caseOf (2} 38 S}& 0| 7t & == ULt 7H)
(LA 2 E = 5mm(2|AH, 3mm(I}0| &)

ol =-=2 & Z[CH 5k&: 91N

\SOdegree

o| X}-= 3| 2! nlo|=-=2f
| Rp-Z 2 LIA} LY M ad. 33Mpa 12.8Mpa

o|x}-Z 2 22| 1| Z
HELAS MO S e O EASE B
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I Final Validationin Vibration Engineeri

DE XS+ 15.7Hz

Half Frame(ZZ4 0tX) Shaft(=Z %) Chair frame(Z=Z1 0IX)
Mode Frequency Mode Frequency Mode Frequency
1 2.063570E+01 1 1.850257E+03 1 B.701B78E+01
2 2.410224E+01 2 1.856672E+03 2 9.31700BE+01
3 2.816242E+01 3 2.637011E+03 3 9.475832E+01

Altair Optimization Contest 2020, Team Neat!
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I Final Validationin Vibration Engineeri

Mode Frequency
1 2.063570E+01
2 2410224E+01 \’

3 2.816242E+01

1X} 2 E: 20.6Hz

Altair Optimization Contest 2020, Team Neat!
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I Final Validationin Vibration Engineering

) HEF: 5.2kg -> 5.4kg

Mode Frequency

1 3.273189E+01
2 4472547E+01
3 5.606746E+01
4 7.879260E+01
5 1.173580E+02

1X} B E: 32.7Hz
(58.7% S7h

Altair Optimization Contest 2020, Team Neat!
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Frame cast Setting
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EN AC-45300-T6 Cast Aluminum

Elastic (Young's, Tensile) Modulus

.
EE————————————~—~—~~
—

Al

(& Aluminium |+ AC45300 ~ 1018.15K

Tensile Strength: Yield (Proof)

230 MPa

A X E

° Altair0| A XS2F Aluminum2| 24 (E=69Gpa,
Yield strength=250Mpa, Dentisty= 2700kg/m3)1f
Hl==o M2E HEot7| 2lsfl €F0|5 AC45300=
M

10.

Xt&EZX: EN AC-45300-T6 Cast Aluminum, Makeltfrom, (https://www.makeitfrom.com/material-properties/EN-AC-45300-T6-Cast-Aluminum)
Altair Optimization Contest 2020, Team Neat!
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=2 Xl
| =2 E MAE
© =E -+ Inspire Cast High Pressure Castinng tutorial
Ol A 523 X40CrMoV5-1 & =1,2344E 0|23t
v A Oes 42315K ¥ Grade : X40CrMoV5-1
Number: 1.2344
Classification: Hot-work tool steel
Standard: EN ISO 4957: 2000 Teol steels
Equivalent grades: Go here

XF=EH: Altair inspire cast, Altair, (https://solidthinking.com/product/inspire-cast/)

Altair Optimization Contest 2020, Team Neat!
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° PolyNURBSZE &-83}0] Core, ingate M

x
o.

° HIC| IE &= S8t @42 71X /2
S20| et ®7|7F aF2 THEZF 7|
20], High Pressure Casting0| M &gt

Altair Optimization Contest 2020, Team Neat!
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1% E;A"ﬁ DH7H§—A|_ ........................................................... X

94t v

05m/s 22Xt QA =& 25m/s YN EHAXE | M

AHS
MY &2l
2 0 kg

[y
r
|
>+

=t

oo
§

fe)

o

OAE %% HOf |By position

20l (m)  HE (m/s)
1,00 05
20.1 05 o
3102 25 i 10
403 25 )
[ \

(@]
ma
(@)
s
<
®
(@)
0.
—
<
N
02
of>
Ot
rir
Rl
o
mjo
n
Pl
O

[ . . Jl
OIHH ingatel] 222 273
otE A=: 0.0009813 m3 - AO|E HZA: 00003142 m2 - =7| 2%: 1018K

L 2430 kg/m3

°H , ingatel| C|XQ10] HESIA Laminar flow7t MCH=
=07l A &9l Jts.
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| Last air 7™

° 1Kt A oA 20| et Last air/t Ao X EA.

| =

° Last airZ} A3t 20| overflowE £%510 Last air | Z
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| Framecastimprovements

| Shrinkage volume 7

°1Xp FHAE sfM AN 3 A 420 M volume shrinkage 2.

A

° Chiller® &5} solidification time0| S0 4= Y E X X|
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| Framecastimprovements

—.

fot
o
o

° ChillerE %t 2 shrinkage volume?| ZAE =0l & = Q3.
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| ShaftCast

Introduction Design Space Designation Design Optimization and Analysis Manufacturing Analysis

| Shaft 7H28 2749

° IngateE EIE0| 2 FZ 0| BiX|SH0] C|XtQl

ATH

0o AXTJ} BESE HAMO| OfL| 22 7| EAX.
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Design Space Designation

/

AL
°c 27|52 220 M Turbulent flow?} g,
°E F=ZNH

MO M EO0|AMR G132 Chiller 22 Q.
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Last air Overflow 7§ M At&t

I RPN =),
° Shaft £ CH0f| Last air LIEHE.

° QverflowE O| 83l Last air A=Hak ZhA
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| Final Resultand Comparison
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Frame: 5.2kg

Shaft: 0.25kg * 2 = 0.5kg
Chair frame: 1.5kg
Plastic Panel: 1.4kg

Arm rest: 0.4kg

Foot rest: 0.3kg

Battery: 0.9kg

Battery Case: 0.3kg

xE HE 10.5kg
Mot Z[F & 10.7kg)
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| Final Resultand Comparison
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o X ZAL QEE AZ|0f A
e XNE=9: B400KV

o XA 7 100kg Ut ME M ojof H|SI0] 89.5% HTF A
e ZX|1=T: 9km/h MRk B 89.3%

o XN Z=AL OLER
91cm

o HZY: =0| 20|

o XtH| £H: 23kg 7|12 4% M35 Moo H|SIK] 54.3% HE da

p J A o| A O o
\ e X I1&%: 6km/h JfMete|l AL 53.5%
'\\ 82,5¢m
64cm \\ /
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| Final Resultand Comparison
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