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Speaker

Prof. Hiroto Hamane (Kogakuin University)

Dept. of Mechanical Systems Engineering, Kogakuin University.

Director of Kogakuin University Solar Team.

He founded Kogakuin University solar team in 2009. The team is winning four
consecutive solar car races in Japan. The team has the highest record of driving
the longest distance in energy saving in a historic Japanese race for about 30
years. The team also participates in the world's largest solar car race in Australia.
In 2015, the team won second place in the cruiser class. In 2019, the team won
the Technical Innovation Award from CISRO for the first time in Japan. The
team's vehicles are unique and focused on biomimetics technology.
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TEAM MANAGEMENT WITH FUSION 360

* Introducing “Kogakuin University Solar Team”
 Therace : Bridgestone World Solar Challenge

 Demonstrates “Team management with Fusion 360"

SOLAR VEHICLE DESIGN SAMPLES

* Fusion 360 Simulations (FEM)
* Fusion 360 + Autodesk CFD

 Generative Design

« CAM

KOGAKUIN | KUTE-TOKYO
UNIVERSITY | fogakuin rpversity of

KOGAKUIN

Solar Team

Agenda

AUTODESK
- FUSION 360

Generative Design  89% lighter
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CAM 1/13 time reduction
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Team management, Data migration
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Team management of
over 300 students with Fusion 360

- Introducing Team and Race -




Bridgestone World Solar Challenge (BWSC)

The BWSC take place once every two years. In 2017, the race celebrated its 30th Anniversary.
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Only 1000W solar pan

All other energy must come from the sun or'be recovered from the kinetic energy of the vehicle.
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Q: How many kilogram-force does the total running load balance
when traveling at 90 km / h?

Fcceleration
Aerodynamic /I3

== 90km/h
ngj ‘___ L$ m/

Ly £
Gradient 7@?/—]} ) // //7
Rolling (tire)

Fmotor — Lgero T FRoll T FGrad T Facce

Aero: Aerodynamic, Roll : Rolling (tire)
Grad: Gradient, Acce: Acceleration
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Only One Design

The team prohibits imitation of past cars. Team member have to consider the new concept.

Even though we imitate the 16th century idea,
we can not develop the next generation technology

r (2009) The second car (2013) The third car (2015)

i

= L -
o~ <
= =

-

V=

f:o?akwm Z(w-niw/vyafy_ Solar Vehicle 'on]_&a’f

% KOGAKU I N Ilzolg-:a:ulizn -U-:-\i\(/)er"a'(it: o?
UNIVERS'TY Technology & Engineering IS




The forth car (2017) : Biomimetics, Nature morphing

Innovation and Philosophy St Very th|n Wlng

Car name: WING
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The forth car (2017) : Biomimetics, Nature morphing
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The wing may disappear !?

The idea :

mo— | =

>¢ Due to the viscous resistance, the air resistance of the wing will not be zero.

World Human Powered Speed Challenge



The fifth car (2019) :
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The fifth car (2019) . Biomimetics, Nature morphing

Laminar flow Turbulence flow




CSIRO T« n Award

CSIRO is the Australian Federal Institute of Science and Technology
(Research and development agency under the Australian Ministry of Education, Science and Training)

The award is given to the most technical invention from the participating vehicles.
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TECHNICAL INNOVATION | / _, e Pneumatic Controlled Hybrid Suspension
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Organization and management with Fusion 360

Student

300 students

(Under graduate 300+ Graduate 6)

All departments Faculty support

4 faculties / 15 departments 22 faculty members

Supporter
:' ""——"“"EJ_n-i\—lc-e;s_i';{/-I:;\_cLit_y -------------- )
' [ Head Technical
Solar Team

—

4 )

Race 4—( External advisor
udents manager | ) ~

[Technical ] F FUSION 360 [Management ] [Finance ]

| | | | | | | | ’

Aero Mechanical Electric Information Strategy Design Public Planning Finance
dynamics relations



Team management with Fusion 360

Problems before using Fusion 360 AUTODESK’
1. Members are perfectionists. FUSlON 360
After doing a perfect job, they share interim reports and drawings. +

—>Delay of design/development processes
2. Members only store data on their own personal computers.
—>Collaborating with each other

Fusion team

———
——
e ——
e

own personal computer
Don't take it all on yourself.




Fusion team
What is “Fusion Team”?

https://knowledge.autodesk.com/search-result/caas/CloudHelp/cloudhelp/ENU/FSNT- Team account: Add people to your projects
LearningCenter/files/GUID-8C18EED5-0C11-4AD /-89C5-85A8 1EF8206C-htm.htm|

PEOPLE and DATA in ONE PLACE Fusion Team COLLABORATE
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Assign project Track .
roles versions wit
< SHARE files stakeholders,
suppliers, SSEE [
INTERACT with MODELS 8 8 8 vendors F =
fN=_VIEW 2D and 3D
Ncﬂ] design files ave
bt DISCUSSIONS E poEEE

Project
|:H CALENDAR

Eim,

Within the browser on any device View properties Comment on point UPDATES
of parts and objects =
and ACTION ITEMS ()

A h Measure -—
. 50+ viewable design file formats
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Student member
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* Create projects

 Add people to your projects

 Share and manage your project data

 View 2D and 3D designs within the browser on any device

*  Markup designs within the browser

« Review and comment on designs individually or as a group

 Have discussions

e Manage a project calendar

* Track project updates and items that require your attention and action

£
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Private mail address
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https://knowledge.autodesk.com/search-result/caas/CloudHelp/cloudhelp/ENU/FSNT-LearningCenter/files/GUID-8C18EED5-0C11-4AD7-89C5-85A81EF8906C-htm.html
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Solar Team Directory

Solar Team’s Common Parts

For your information (FYI)

Information can be shared between different departments.
Sharing has become more widespread.

View designs within the browser on any device
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Make a motor (Electric team is also Mechanic )

wire electric
discharge machinin
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Past design data can also be used via the cloud

F Autcdesk Fusion 360(EEEBES V2
i WIEEA v o O X | E- a o
Wil t-J12 el iR o=l
F—4 HE A ) (— | — . .
e @O ® BOMPE
: it E—N
ZyIJO—F | iR A IS | 10; e gt o
F B¢ x|
M ZEEDeagleZfE ;
"‘ £ v | » Rr_ZEY » RETINT-H v 0 RIEETI TS DiEE o
ZEE - FrLLTAAS - === [ @
P CG132-77Z(0) RO , - B |
- B | BT ~ EE] =)= ER HA4Z ™
9/18/20 |
Il pC . modelassm 2020/09/19 850 J7 ) T4 L.
@ 01_CHASSIS-ADD11.5LDPRT 2020/01/15 14:47 SOLIDWORKS Part...
P _CG132.7} & 01_CHASSIS-FR_20190109_ver2.SLDPRT 2019/05/14 21:57 SOLIDWORKS Part... 4,
918720 & 01_CHASSIS-MID1.sldprt 2020/01/15 14:47 SOLIDWORKS Part...
@ 01_CHASSIS-MID2.sldprt 2020/01/15 14:47 SOLIDWORKS Part... |
@ 01_CHASSIS-RR1.sldprt 020/01/15 14:47 SOLIDWORKS Part... Soli C[W orks data
W _CG132.77 €& 01_CHASSIS-RR2_ t 20.3.5LDPRT 2020/01/15 14:47 SOLIDWORKS Part... iy
s B 7 €8 01_chassis-t_190227.5LDASM 2020/01/15 14:47 SOLIDWORKS Ass...
b 33w @ 03_TIRE-ASSY.sldprt 2020/01/12 23:55 SOLIDWORKS Part...
- , 03_TIRE-ASSY_180910-1.sldprt 2020/01/12 16:13 SOLIDWORKS Part...
W CG13277Z150 R| &= Windows (C) G g L
o 1 @ 03 TIRE-COVER.sldasm 2020/01/12 16:13 SOLIDWORKS Ass... o
= I @ 03_TIRE-COVER_IN.sldprt 2020/01/12 16:13 SOLIDWORKS Part... vl
W £ > '
TP NT-03-CG1_19031] J74 & (N): v | | SolidWorks 274 )l (*.pri;*.asm;” ~ || |
0 e =(0) ovbl ||
— —, - — - — —
TP PB &6Outer ring 4
. 9/18/20
Viw




Review and comment on designs individually or as a group

Review and comment to member via Web browser Check geometry and dynamic behavior
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Discussion and teaching on Autodesk Knowledge Website

Screencast can easily create videos. PC and mouse operation are memorized
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A simple way to capture and share what you know
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Total management with Fusion 360 (parameterization)

Primary Item

Vehicle dynamics
Suspension

Additional
functions

[ Aero Parts ]

Secondary ltem

4 )

Pneumatic Controlled Hybrid Suspension Weight reduction by standardizing parts.

q"'|= : Change to CFRP parts.
*The mass will be heavy.(13kg)
O . ( Solved the weight increase for the new suspension)
Q * Non-pitch non-roll 2WS
S *Vehicle height adjustment { Yacht running
(C » R i W
I: \ educed consumption (30W) *The mass will be heavy.(5kg)

Double wishbone suspension » Reduced consumption (70W )

*The weight will be lighter(7kg)
*Simple structure

Door : one side opening and closing function

*Simple structure
*Lighter

Door : Both sides opening and closing function

*Reduced operation time
2 minutes reduction at control points

Total consumption

Aero-fin reduction

*Improvement of air resistance

approximately 12.5%

. A s 1
Tire cover p\D 0?




Handwriting for new ideas on Fusion 360

PDF, Photo, Microsoft office data can be uploaded to cloud.

F Autodesk Fusion 360(HEE2ES/tV2)
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Weight reduction by common parts. Change to CFRP parts.

( Solved the weight increase for the new suspension)

E=10—)L/\—

Power bar .
for stiffness || ||

—
-
"y

]

Large diameter bearing
for light Weight

~ /%/




Master schedule (2 years)
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Detailed schedule

< Machining plan>
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Progress management table for each group
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Progress of each member can be checked at WEB SITE.
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Each Machining Control by the Cloud of Fusion 360 CAM

File Edit Selection View Go 1001.nc - Visual Stud...
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You can find the settings button by clicking on your photo.

Make sure everyone on the team has the same settings.
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Solar Vehicle Desigh SAMPLES

* Fusion 360 Simulations (FEM)
 Fusion 360 + Autodesk CFD

* Generative Design

 CAM



Wing will be destroyed?

How to estimate the load on the wing ?

)L ms . , | E 2 4

21.6734 ! ) - = il
. 20.5 ‘ ® | ] i ' y -|7'_',,,.H
19.5 I = = o
.185 l . : J ; 5 /

175 - _ | \ | : Y

el =

15.2629

(5) B/E - Pa
1697338
600

3y AT (Lau)-
7663

RFH R OIEmm]
258 -033 | -0.12 | -0.09 | -0.06 | -0.06 | -0.05 | -0.04 | -0.04 | -0.04 | -0.05 | -0.05 | -0.06 | -0.07 | -0.08 | -0.09 | -0.1 -0.11 | -0.13 | -0.14 | -0.16 | -0.17 | -0.18 | -0.18 | -0.19 | -0.19 | -0.18 | -0.17 | -0.16 | -0.13 | -0.13 | -0.11 | -0.09 | -0.09 | -0.08 | -0.07 | -0.06 | -0.06 | -0.05 | -0.04 | -0.03 | -0.0
100 -2.41 | -0.72 | -0.38 | -0.28 | -0.23 | -0.2 | -0.17 | -0.16 | -0.15 | -0.14 | -0.14 | -0.17 | -0.31 | -0.32 | -0.27 | -0.3 | -0.35 | -0.41 | -0.46 | -0.51 | -0.59 | -0.65 | -0.68 | -0.7 -0.71 | -0.69 | -0.68 | -0.63 | -0.6 | -0.56 | -0.52 | -0.48 | -0.45 | -0.41 | -0.39 | -0.35 | -0.32 | -0.3 | -0.26 | -0.21 | 0.0
100 -257 | -1 | -053 | -039 | -03 | -026 [ 022 | -02 | 018 | -0.17 [ -0.14 | 0202 | ~1.08 | -0.46 [ -0.23 | 032 | -037 | -0.41 [ -046 | -0.49 | -055 [ -06 [ -062 | -0.64 | -061 | -0.58 | 054 | -0.49 [ -0.44 | -0.38 [ -034 | -03 [ -027 [ -025 | 023 | -022 [ -02 [ -018 | -0.16 | -0.13 | -00
100 -227 | -1.11 | -066 59 1 - (gl 055 0 -007 | -005 | -00
*ﬁ 100§ -1.97 | -1.1 -0.74 - 4 0.43 -0l — 9053 —( -0.02 | -0.02 | -0.0
F
g 100j -1.68 | -1.11 | -0.77 | -0.65 | -0.52 | -0.41 | -0.35 | -0.32 | -0.27 | -0.26 | -0.31 | -0.39 | —0.53 | -0.56 | -0.53 | -0.5 | -0.48 | -0.44 | -0.42 | -0.41 | -0.44 | -047 | -0.48 | -0.38 | -0.55 | -0.58 | -0.27 | -0.24 | -0.18 | -0.13 | -0.08 | -0.05 | -0.03 | -0.02 | -0.01 | -0.01 -0 0.001 -0 0.002 | 0.00:
B
[2)
mE 100 -1.66 | -1.1 -077 -0.43 | -048 | -048 | -037 | -0.52 | -0.58 | -0.27 | -0.24 | -0.17 0.002 -0 -0.01 | -0.0:
3
i 100[ -1.96 | -1.11 | -0.74 u 0.54 2 — 23 -0.03 | -0.02 | -0.02 | 0.00
100§ -2.25 | -1.08 | -0.66 -0.51 | -057 | -0.59 | -0.59 | -0.58 | -0.53 | -0.46 | -0.39 | -0.33 -0.08 | -0.07 | -0.06 | -0.0:
100 261 | -1.01 [ -054 | 039 | -031 | -0.26 [ -0.22 | -02 | 018 | -0.16 [ -0.14 | 0221 | ~1.05 | -05 [ -0.23 | -031 | -035 [ -04 [ -044 [ -049 | -055 | -059 [ -061 | -062 | -06 [ -057 [ -053 | -0.48 | -0.43 [ -0.30 [ -033 | -03 [ -028 [ -025 [ -023 | -021 [ -02 [ -018 | -047 | -012 | -00
100 -241 | -072 | -0.38 | -029 | -023 | -op [ -0.18 | 016 | -0.5 | -0.14 [ -0.45 | <047 | -03 | -0.31 [ 026 | -03 | -035 | -04 [ -046 | -05 | -059 | -064 [ -068 | -068 | -0.69 | -068 | -066 | -064 [ -06 [ -056 [ -053 | -0.49 [ -0.46 [ -0.42 [ -039 | -035 [ -0:32 [ -0.29 | -026 | -0.19 | -00
258 -034 | -0.12 | -0.09 | -0.07 | -0.06 *qp -0.04 | -0.04 | -0.04 | -0.04 | -0.05 | -0.05 | -0.07 | -0.08 | -0.09 | 0.1 -0.11 | -0.13 | -0.14 | -0.15 | -0.17 | -0.18 | -0.18 | -0.18 | -0.18 | -0.17 | -0.16 | -0.15 | -0.13 | -0.12 | -0.11 0.1 -0.09 | -0.07 | -0.07 | -0.06 | -0.05 | -0.05 | -0.04 | -0.03 -0

The forces applied to each area were added.

The entire wing receives a force of 240.72N




Flutter phenomenon (Wing will be destroyed?)

Flutter is a divergence phenomenon when elastic vibrations of bending and twisting are coupled with aerodynamic force.
The Bridge and airplane wing is destroyed due to vibrations are amplified and diverged.
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Optimize the placement of UD (CFRP high pitch material)



UD material Is used
as reinforcing beams to ensure rigidity

CFRP laminated configuration

SR [y ply | JE[mm]

CFRP_1K 1 0.07

UD_H ik 5 1.25
|

| . . .

oo i + | oa | UD(uni direction) CFRP
UD is a material with fibers aligned in one direction. |
Strength and rigidity are only in the fiber direction

\\

UD_ MR 5 0.25
CFRP_3K 1 0.22
UD_H i 5 0.25




What Is goal of optimization?

Minimize the displacement of the tire contact area
and twist in the yaw direction

Upright
YA 0.3mm

& axle

YA O.1mm

Al twist in yaw directio

the displacement of the tire contact area

.. AL =0.4 mm
Example parameterization

axle +10g | displacement -0.1mm
upright |-20g | displacement +0.1mm
-10g | Omm

MEMO: Arm stiffness

Lower arm >> Upper arm

F

 Upper arm upper

Lower arm

F lower
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¥
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Generative Design

89% lighter
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Advanced setting for Generative Design
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What is goal of optimization?

Minimize

axle +10g | displacement -0.1mm
upright |-20g | displacement +0.1mm

P meg

JPEL N = HE B 25

twist in yaw direction Fsige,

and twist in the yaw direction

Upright
YA 0.3mm
axle

|:|
A 0. 1m

Example parameterization AL=0.4 mm
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Samples of our past cars
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CAM for Mold, CFRP, Polycarbonate and PET
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Rendering: Car wrapping proposals

Rendering for beautiful posters Publish the proposal to members on the WEB

@ mycc18.autodesk360.com/g/projects/20200408284397426/data/dXJuOmFkc2sud2iwcHIvZDpmcySmb2xkZXI16Y28uZVpPNTBXxTWhR...
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AUTODESK" :
* FUSION 360 The realization of CAD data Is our greatest pleasure. Enjoy!
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