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Required spec

Introduction Design space designation Design actualization Analysis and validation

80kg2| J 20| H= W K|S 7}-SSFO OF Sk,

18650 Ef 2| AT K| 7} Ar& E|H, Z[ 2~ 3071 O| &= ARESHOF StCY.

S| M2 glon, B HE ARE 0| AHSEE BEE 2 U
=0

30| = HO 2 IPYBICY,

AE0|L} 220|552 AL S0} H X5 of Bt

Ct

AEl . A2 (210409 N/m2), ZOFEH|(0.3), L E (7,900 kg/m3), &2 ZH = (380E+6 N/m2)
% 20| : YE(69E+09 N/m2), EOFEH|(0.3), L = (2,700 kg/m3), S22 £ (250E+6 N/m2)
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Existing scooter spec
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N =93 - Classic 0JO

P O

XN| Z= Al = 0JO electronic

Z| 0 =& —20mph (32kph)

2 A -29.5kg
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Existing scooter spec
Introduction Design space designation Design actualization Analysis and validation

Battery Motor Structural
Li-ion battery pack Patented 500 watt Hyper Gear hub motor Frame - Welded aluminum frame
48 VDC at max charge Carry capacity — 300lbs(136kg)

Wheelbase — 45inches(1143mm)
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Ergonomic approach

I Ulnar nerve
Carpal tunnel

) supplies thumb,
:* index finger and

: middle finger

Introduction Design space designation Design actualization Analysis and validation

Uinar nerve

Carpal tunnel
supplies thumb,
index finger and

middle finger

Back sweep
AHUMEH 522 50| A2 4=

‘_

Conventional straight handlebar SQlab handlebar
Carpal tunnel is constricted. with an ergonomic backward bend.
result —» numb and sleepy fingers Result — carpal tunnel is not constricted

7| =0 ARfE

[e%
E S TREKKING S Carpal tunnel2 =& A|ZILC},

>

=0| 50| 7IX| Z22{™ Back sweep E K.

s

T4 & HOPH EHe ME ATE | B 71 0|40l

O 71 L=

Back sweep+= 45 O|C},

Xt= & : sports ergonomics SQ lab, (https://www.sg-lab.com/en/sqlab-ergonomics)
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o 19 M HME XHA 2™t IHS N MEsi2 2.

o BH7} FHF| O U= Al counter torque & 7.

o BE7}HE/0] T oHEo| 0| FZ o2 K HH o
MR MEHOA SELS B F2 Y8 SEl HA0| LiErE:

19 M sis ZEIHE H&SIFE M3 A H ‘Unike’
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15t Design space
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Ol7tzstXn BAXMOl M2 2 Soff eI d 7|Eez2 54
63
0 AFEXFO| ZZ10| 630mm
A e
D OFxIO| & Front wheel® S48 7|2 = 3/4 X|IH
630 - sin( . . X g2 = ST=
P s
1 Hx (@St x& 200]) 80mm
630 - cos(0) Hx
Orextel o 2t 18 ° (GHSS &1 Q7| HOtst ot i)
X Front fork2| x= 40|
(@)
O —
S v Y Front forke| z= Z0|
a Front fork2| Zt=
X =1300-% - 630-cos(B) — Hx = 295.84mm
: w Y = 1000- 630:-sin(0)= 805.32mm

Ol =tan(¥/y) =20.17°= 20°

D .
j 325 osg 975 k J

1300
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15t Design space
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15t design space

Hot AtMl 2 & = JqAE= 2 A LKL

A A body2f front forkE LIF|OH Y0 &= OtEE=

2702| IHO[Z = O|O{ & RALH.

11



A Altair WAPFNHST

Load case 1 (Static loads)
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doldd 7=z il S8}ERHE, A2 TS M 220
2t oo X Eto 2 615 S M8y
T
= =<
ol= &8
SHEH} T47N[15kg - 9.8%], (X, SH50] 73.5NM)
S, 784N[80kg - 9.8%]
oo T47N[15kg - 9.8%], (£, 20| 73.5N4)
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Load case 2 (collision)
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ESEYVE 90k
AFE 2 kg
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Load case 2 (collision)
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2¢ 21 (58d HS)

2 1= 90kg + AFE]| 9kg = 99kg

7|&=H2| =IA|Zt 0.15sec(5.68 ~ 5.83)

S= ATt 0.81sec(5.83 ~ 6.64 - EFEXI7} kXS] MX|S WHK))
&0 400mm/0.15sec = 2.667%

&Y 99%kg - 2.667%% = 264.00kg - %

sS4 264.00kg - % + 0.81sec = 325.93kg - % = 325.93N

HHF 5= Al 71olX|= & =

14
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Load case 2 (collision)
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HS X O £ 57| TZ0] 87 2f A
ZAEl front fork capF =0l x= YO 2

= HE(ZF0 M)

15



A Altair WAPFNHST

Contact and Support
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ZFEFSEA| d 2|5H M body2f front forkOl| 22 &= &l 2 = 82| o=t

-
x= G| S40| AL,

2LHHF O] 7toll K| = S40| 7l = ™= |0 OF StCt.,

Applied Support

Support part 7158t x,y,z ek 2= s|™ 715
HIR cap x= Hef ’ts
SH cap BE sz Ets ’ts

16
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Contact and Support

Introduction Design space designation Design actualization Analysis and validation

define Selected Contacts

% Inner pipe cap contact condition

Inner — contact with front fork rod

Outer — bonded with body

Wheel cap contact condition

Inner — contact with wheel rod

Outer — bonded with body

17
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15t Optimization
Introduction Design space designation Design actualization Analysis and validation

=AM

Mass target

30%

CIRFQI AT O| AT HE HAM CHEE 2| Z[A 317t
body partOi| 2k O| =01 &,
Front fork partO| = X[ M3t HQ |

J|EL HE A2FHEL O FAHH FAH=.

7HAI_-|I-I
143.20kg 41.54kg 1%} £ X3} Z3HE BHEEO 2 polyNURBS CIAHQ!.
SI= 2 Mool Ecpz 2K X M2 mg,
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PolyNURBS

41.54kg 55.65kg

20
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2"d design space
Introduction Design space designation Design actualization Analysis and validation

Analysis Explorer x

Run
AOC_Body_V6_Haejo...
AOC_Body_V6_Haejo...
AOC_Combined V1_A..

Load Case
Normal Modes
Normal Modes
Result Envelope

Result Types
Displacement
Factor of Safety
Percent of Yield
Tension/Compression
Max Shear Stress
von Mises Stress
Maijor Principal Stress

Factor of Safety: #
Max:1.172e+007

hd
|
&
o
[T

—4.5

15t optimization Sl A1 € 1}

5 B g2 i )

SN WA
gouuiono

|
"y
o

Min: 1.085e+001

s = Animation AL
Min Factor of Safety: 10.9 (Normal Modes) X 7 7 Ol_l- XI_ 7:” —_— (Safety fa CtO r) _
Max Factor of Safety: 11723981.0 (Normal Modes) Show
é2 s =
Callouts
7 B of

Compare Results

™ Al==7} over specO| E|Of 5| 4 &| 7| I = Of
C

Al
TENOZ T =AM 7F BTl EE

7t 2 ek AdekotE o1 7| 2|5l 27 design space A7
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29 Optimization
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55.65kg

Mass target

20%

Z| M=t 24

2"d Design space 2| Ot Hl=7F &9 %7 I Z0

1X Z[ M 2} mass target @l 30% 2 CF 10% S =0 X[ M 2t

K| cH
- O
Rl2F ZkA X Mot A ZE0| gan A 5 0 EHO| HES
= O O—-1-
Op=
L—- —1
82% so2 A= C|xtoloZ MX
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Final frame design
Introduction Design space designation Design actualization Analysis and validation

PolyNURBS
10.09kg 12.26kg 2X} £| M3} £l A1HE HHEO 2 polyNURBS LI XFQl FI%,
PolyNURBS C|XHO! TH 0fl A PolyNURBS C|XFQl TF &0 Af HZb0| A2 2t S7151Y¢ D
S 5 mayQ M-
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Battery design
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HiE 22| ?IX|= F

HiE 22 I X[= T

HHE| 2|2 SrEabsty| Hot 9\X|of HjA]
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Non-T.O design

Introduction Design space designation Design actualization Analysis and validation

AAC 2 -GS E o &5 AFEO|=
M| = UPRIGHT positionO| A &t S}C}

JRI

AREAEZ0] 52| S X0

o2|e Z =7t 900 7ttE5 HE o E=ots BHO[ S0 L}

Conventional saddle SQlab step saddle with
with high pressure on pressure distribution in

the perineal area. accordance with medical oL 0| =0 222 A HO|H(Seat bone)0| 2= 221G CHE S S THO| A
advice.
m= M 282l 0|7t +=E80[H 2| ZF (perineal area) 7} 2t 0f| FA| £[HA]
AZHM A=2 F2 &0 L8 X7 2l = AL
) - FREE SPACE - LESS PRESSURE!
2rE 2| seat boneO| F= F& 2|0 St= 2=0 At=5 = OF SHLY,

Xt= & : sports ergonomics SQ lab, (https://www.sg-lab.com/en/sqlab-ergonomics)
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Non-T.O design

Introduction Design space designation Design actualization Analysis and validation

N A

2| 2R Xi=g2 =0|7| 6 E& ¢tEel 7I20 F=0| 5 It gl.
2135 ALRIO A Z2Folet = QU= 0| 72 0| 222 C|X}elof et Xt=0|
QoL ST FAME=X] S = ULt
7247t =&l C[ X2l Ar=0] 2280 s
207t 25 of el X! AF=0[ n=2A F4t

Blue Red

Low High

Xt= =X : sports ergonomics SQ lab, (https://www.sg-lab.com/en/sqlab-ergonomics)
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Non-T.O design
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Structure analysis
Introduction

Design space designation

Design actualization

Analysis and validation

Analysis Explorer x Analysis Explorer X
Run Run

AOC_Combined_V3_P.. AOC_Combined_V3_P..
Load (;ase - Load Case

Load Case 1 Load Case 1

Load Case 4 Load Case 4

Normal Modes
Result Envelope

Normal Modes
Result Envelope

Result Types Re‘sult Types
Displacement Displacement
‘Factor of Safety Factor of Safety

Percent of Yield
Tension/Compression
Max Shear Stress
von Mises Stress
Major Principal Stress

Percent of Yield
Tension/Compression
Max Shear Stress
von Mises Stress
Maijor Principal Stress

. . =
Eactor of Safety: 4 von Mises Stress: #
TVIa?(::. 32;::%07 Max:3.628e+007 Pa
-89 35007 pa
_5:5 —3 e a
:i-g —%Zgggggg;gg O|-X-| 7:| Aj O AFO e — ol.x-| o r,_l_E_l_
B —21177e+007 Pa 2rM A= /130| e 2 &0 QraaoO e Uik,
— 3'5 | 4) - 1.814e+007 Pa
-30 ‘ —1.451e+007 Pa
—n's —1.088e+007 Pa
-20 — 7.255e+006 Pa
15 —3.628e+006 Pa
—-10 p= — 1 881e+001 Pa
Min: 6.8926+000 Min: 1.881e+001 Pa
S Animation V ° t 3 6 2 M
Animation —
o S on-mises stress 2Mpa
Show S
& & = o & =
Callouts C;I.I‘oulg -
7 B[ — Safty factor 6.8
Compare Results Compare Results °
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Natural frequency analysis
Introduction Design space designation Design actualization  Analysis and validation

Analysis Explorer X

Run
AOC_FRONT (1)

Load Case
Nomal Modes

Modes:

1-F =3.803709E+01
2-F=4758371E+01
3-F=1.376670E+02
4-F=1.879870E+02
5-F = 2.656862E+02
6-F=3.037891E+02
7-F=3.171707E+02
8- F =4762504E+02
9 - F = 5.545748E+02
10 - F = 5.644407E+02

Result: Displacement v |4 EI- E F rO nt fO r k

Max: 1.554e+003
— 1.554e+003
= LAt Mode 1 38.03hz
— 1.244e+003
— 1.088+003
— 9.333e+002
— 7.781e+002 Mode 2 47.58hz
— 6.230e+002
— 4678e+002

oo Mode 3 137.66hz

P — 2.275e+000
Min: 2.275e+000

Mode 10 | A 7% 2 B 0| &

Animation =< =
w ® / ST AHO|7F HF 22 FA|
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Natural frequency analysis
Introduction Design space designation Design actualization  Analysis and validation

MIQly 913 LLApIVIST

Run
AOC_BODY_V2(1)

Load Case
Nomal Modes

Modes:
- F = 8.313590E+01

F = 1.026695E+02
-F=1.422151E+02
-F =1.601228E+02

- F = 1.749689E+02

: F i 1.766416E+02 — E B d f
2o u E ody frame
-F=2733702E+02

10 - F = 2.803215E+02

WA, wnN —

Result: | Displacement v %
Max: 8.278e+002 Mode 1 83.13hz
— 8278e+002

— 7.451e+002

— 6.623¢+002

e Mode 2 102.66hz

— 3.313e+002
1 — 2.485e+002

e Mode 3 142.21hz

p — 1.952¢-001
Min:  1.952e-001

Arimation Mode 9 0| A 74 2 0| ZOLIX|EF 2ZH O TS
> ¢ L

Show _J|\_ 9|-

AOIZF 7 A8 2 FA|RHEA 74,
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Natural frequency analysis
Introduction Design space designation Design actualization  Analysis and validation

250W 24V DC Electric Motor
w=2xf

. wxr

l'll > )
s (s

where @ | angular velocity

r . radius of tire

;| gear ratio

HEO oot £ =7

7|0jH| S 12 Xt D BhF{o| 23t ZE| AT 17
1919] 42 0|8 5t0] RE{0] o3t ATE{O AT) &

s 78

RPM — 2750 Wheel diameter —0.25m

X &5 —
Frequency — 45.83Hz IoH ==

Xz EX . A&, X F8(2013), Structural Analysis of The 4 Wheel Electric Scooter Frame for Handicapped, 2013 H St A5 XI5 ct3| st=C 2| S MA|Z], 1298-1303
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Natural frequency analysis
Introduction Design space designation Design actualization  Analysis and validation

LA HE ATE, AIZHE 1201Q2 &5 X3

L2320 | 2= 08/09/2018 11:40:11

0y © & v+

ny

Ars 7[Rl = ot 28 £ 718

O|0] & AFHOf 2ot £ K|t 4| S of= Ligte AL
FE|LEre| B2 R AN E MAHE 22N 25 Koot

2 UL

RPM —

Frequency —

Ol= HIX] 3FX AEAHQ| Bx f£2t H|stet A0t

Az &N 2| 2320 A T & AFH, A|ZHE 1204 2 £ & X| B 2018.08.09, (http://www.radiokorea.com/news/article.php?uid=294586)
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Natural frequency analysis
Introduction Design space designation Design actualization  Analysis and validation

ot E Front fork

Mode 1 38.03hz

Mode 2 47.58hz

Mode 3 137.66hz

nt E Body frame

Mode 1 83.13hz off & A}

Mode 2 102.66hz Front fork2f body frame2| 172l &5 off & Auf A& =3 =
HE ECf 2 =38 B E Q| X5 0| & T}HE 9| mode1~32| &

Mode 3 142.21hz O=HLC AXNSHA Ao E = Of &
AotX| =Lt

LS 1=
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Manufacturing analysis
Introduction Design space designation Design actualization  Analysis and validation

EN AC-45300-T6 Cast Aluminum

EN AC-45300-T6 is EN AC-45300 aluminum in the T6 temper. To achieve this temper, the metal is solution heat-treated and artificially aged until it meets standard
mechanical property requirements. The graph bars on the material properties cards below compare EN AC-45300-T6 to: Euronorm (EN) cast aluminums (top), all

aluminum alloys (middle), and the entire database (bottom). A full bar means this is the highest value in the relevant set. A half-full bar means it's 50% of the

highest, and so on.

Elastic (Young's, Tensile) Modulus

(& Aluminium v AC45300 v 1018.15K]

Tensile Strength: Yield (Proof)

Hag T

" = 34 x 103 psi
Altair0l A XSSt aluminum | = (E = 69GPa, Yield strength = 250MPa, Density =

2700kg/m) 3t H| 23 KHE S M 85}7| 9/8f LR 0| 45 AC453008 K&,

Xt& =X : EN AC-45300-T6 Cast Aluminum, Makeltfrom, (https://www.makeitfrom.com/material-properties/EN-AC-45300-T6-Cast-Aluminum)
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Manufacturing analysis

Introduction  Design space designation Design actualization Analysis and validation

A O 51,2344 v (@ 42315 2
X:080mm  Y:550mm  Z: 470 mm

E=1=NE

® =E = Inspire Cast High Pressure Casting tutorial 0| A & &2F X40CrMoV5-1

A =1.23445 0| 23t

Grade : X40CrMoV5-1

Number: 1.2344

Classification: Hot-work tool steel

Standard: EN ISO 4957: 2000 Tool steels
Equivalent grades: Go here

Xt & ZEX : Altair inspire cast, Altair, (https://solidthinking.com/product/inspire-cast/)

Altair Optimization Contest 2018, Team T.OP UNIST 36
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Manufacturing analysis
Introduction Design space designation Design actualization  Analysis and validation

>

PolyNURBSE &85} 0] ingate C| A} 2.

HIC| TE= 40t oS 7rA 20 /a 220 T2k w=7(7F &i2 THETL

QU7| M =0f, High Pressure CastingO| X gt 2.

37



A Altair WAPFNHST

Manufacturing analysis
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‘art Gate Components High Pressure  Analyze
High Pressure Die Casting Process Parameters ::::iiiiiiiiiiiiiiiiiiiiiiiiniiiiii X
86 Q X
Chigase e Phase Change
5
6287.5 kg ® By point
6276.3 kg Init. Vel. e+03 mm/s  2nd Phase Vel. e+04 mm/s  Phase Change Point ~ Select
1.1773 kg o
1.0675 kg " By time ———————
87338 kg Time (s)  /elocity (mm/s~ 10000908.0/f— ? .
0.17316 ka 10.0 1000000.0 g 80000000
249 10000000 || £ oooooo0| | | ||
0.1731 350 100000000 | € oo00000] }
).74784 kg i B = £
J014555 kg -.=- 'g T g 2000000.0 '—l
= - Koo
‘ 22 G‘D Z‘C' 4‘ 6‘0 8
Time
Part Volume: 3.447e+06 mm3 - Ingate Area: 1257 mm2 - Initial Temperature: 1018 K

Density: 2.43e-06 kg/mm3

0.0249s / 0.9256s =

QT EEDU

Flow velocity7| & 5ot= X| &= C| AR H ingatel| 2= A7,

1210l 7}

R =P

A4 2Ol A|, ingatel| C|A}QI0| HE S Laminar flow”/| K[CHE S0 7t=

olr
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Analysis Explorer

Run
AOC_BODY V3(2)
Stage
Filling
Solidification
Result Types
Temperature
Solid Fraction
Velocity
Last Air
Mold Erosion
Pressures
Filling time
Cold Shuts
Mold Temperature

Last Air:
Max: 1.00

Min: 0.00

Animation

Callouts

7@

Last air 7™

1K} FHAE S| A AT 3220 Last airZF 20| Rl A 2 2Ol
2t Ol =l 3220 overflowS £&5H0 Last air M| H E .
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UFhST

Analysis Explorer X
Run
AOC_BODY_V3 (5) 2
AOC_BODY_V3 (2)
AOC_BODY_V3_wcChillers ..
AOC_BODY_V3_wChillers ...
AOC_BODY_V3_CloseCL ...
Stage
Filling
Solidification
Result Types

2 Last air/f

40
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Manufacturing analysis
Introduction Design space designation Design actualization  Analysis and validation

Analysis Explorer X
Run
AOC_BODY V3 (2)
Stage
Filing
Solidification
Result Types
Temperature
Solid Fraction
Solidification Time
Micro Porosity
Niyama
Pipe shrinkage
Solidif. modulus
Porosity
Total Shrinkage Volume
Mold Temperature

Total Shrinkage Volume: #
Max: 8012.40 mm3
— 8012.40 mm3 -
— 721116 mm3
1 — 6409.92 mm3
— 5608.68 mm3
™ — 4807 44 mm3
— 4006.20 mm3
— 3204.96 mm3
— 2403.72 mm3
— 1602.48 mm3
— 801.24 mm3
— 0.00 mm3
Min: 0.00 mm3

Animation

Show

éo de =

Callouts

=y Shrinkage volume 7f|

1Kt FHA B S M 23 3 A 2220 A volume shrinkage 274 .

Wt 222 chillerg A7 Mo = SIS0 X 2.
X}

et B2 2 chillerE £261] solidification timeO| =20 = ==
U2 KK

41
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Manufacturing analysis
Introduction Design space designation Design actualization  Analysis and validation

Analysis Explorer X
Run Analysis Explorer X
AOC_BODY_V3 (2) Run
Stage AOC_BODY_V4 (6)
Filling Stage
Solidification Filling
Result Types - Solidification
Temperature Result Types
Solid Fraction Temperature
Solidification Time Solid Fraction
Micro Porosity Solidification Time
Niyama Micro Porosity
Pipe shrinkage Niyama
Solidif. modulus Pipe shrinkage
Pareeiy Solidif. modulus
Total Shrinkage Volume Porosity
\ NEsRiTampsratiks Total Shrinkage Volume
NS Total Shrinkage Volume: # Mold Temperature
Max:— 22:3:3 :zg = Total Shrinkage Volume: #
—7211.16 mm3 ‘ ‘ : Max: 8734.28 mm3 g
1 — 6409.92 mm3 ' 5 § : : AN —8734.28 mm3 -
— 5608.68 mm3 SNef i : ; ; — 7860.85 mm3
— 4807.44 mm3 i AN — 6987.42 mm3
— 4006.20 mm3 i ; ‘ B — 6113.99 mm3
— — 3204.96 mm3 “\ ; 3 1 ; 5 — 5240.57 mm3
""" 240372 mm3 | 5 f Tt 1dmms
— 1602.48 mm3 \ e : — 3493.71 mm3
—801.24 mm3 : ; — 2620.28 mm3
oA —0.00 mm3 — 1746.86 mm3
2 e Min: 0.00 mm3 — 873.43 mm3
e N —0.00 mm3
e Animation L e Min: 0.00 mm3
R SR i
= > ¢ \ s i
T T e —— Animation / H AI__| 7E:I J_l—|—
- Show '
: > -~
\ é o ‘ " = Show
Callouts = . = H —_ . o)
7O o S = Chiller§ F2F = shrinkage volume2)]
Callouts
T re % JIAEZ B10| S} A O]9
L i o —_—
Oo-1--= %I-l_l = 1 AADO.

Chiller &%t
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Manufacturing analysis
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om
z
i

Front fork 7 2

LEE OiE Eot Yot dd= 7HX A /AL 20 T2t 77|71 &F2 It

A -

O

17| =01, High Pressure CastingO| X gt gt

>
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Manufacturing analysis
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= 1K} 7| A B S A Z 1} Turbulent flow= @ISl Last air7F IHE 22 0f| A 24,

o
I
M
2
P
=
o
(e
o
=
>
=
N
[l
0=
Ot
L
Hd
Il

Sl =2 (Round A 2]).
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Front fork — 3.48kg

Body Frame - 8.78kg

Saddle — 0.62kg 14.134 kg
Battery cell * 30 — 0.954kg

Battery case — 0.3kg
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