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South China University of Technology (SCUT)

About us

= Ranks 22nd in China and first in South China
= Strong influence on South China Industry

= No.1 employment rate in south China

Top 1% of the country Top 1%o in the world

Architecture Engineering
Mechanical engineering materials science

chemistry

Vlanagement science and

agricultural science



SCUT Robotic lab




7 )



General Situation

Available to all the
undergraduates in the school,
Robot Lab is an innovation base,

. focusing on Robomaster, Robocon,
Set up in 2000 || Robot Business Plan Competition
V7 7/ /L g and other high level events. Robot

Over 60 members ’ Lab is committed to provide a

~ superior science and technology
S VIIIIIY activity platform for the students.

The biggest undergraduate lab ’




SCUT Robot Lab

About us

Practical Scientific & With sound
innovation & technological management
training base platform system

Robot LabZH ZR4244 ( £ ‘
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SCUT Robot Lab - Activities

based on competitions & guided by projects.

Robotics Electronics Entrepreneurship
Competition Competition Race




Science and Technology y -
Competition Award i y

National
Patents

—[dad

Innovation companies
hatched out

‘ Cooperation
= platforms

Outstanding mechanical and '\S‘ -“"“L f};}%ﬂ ';'l/lﬁ;l’; I u +

electrical talents cultivated ¢S

7 n n + Founded in 2000 as the largest undergraduate laboratory of South
China University of Technology




Cooperation platforms

The laboratory establishes
partnerships and

cooperation platforms with / ‘ / /
industry-leading | BT f
companies. The companies ‘ sos@e?
provide the lab with
materials, technology,
extensive internship,
practice, and technical
exchange opportunities.
And Autodesk is one of the

companies that provide us
with great support.




Competition Awards




Competition Awards
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New technology research program

Generative design
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Stabilizer mount of infantry robot



New technology research program

Generative design
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_ The application paper was published in the
2019 Autodesk AU Technical Reports well-known British technical journal—

International Design Engineer



Liang Jingkang
co-speaker

Mechanical team member of Robot Lab of
South China University of Technology




Infantry Robot of Robomaster
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Introduction of Robomaster

m  The world's leading college robotics competition

®m  Independently held by DJI

B Build a contemporary engineer star and lead the dream of
scientific and technological innovation
m  Conform to the trend of science and technology education

and artificial intelligence

m It's a combination of technology and entertainment
m the first robotic tactical shooting battles

competition in the world




Introduction of Robomaster

The most extensive robotics competition in colleges and universities

ZWV College
PANVVON College students

10+ Host cities




Final Champion in 2017 and

Southern Division Champion in 2016 and 2019,
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Challenges we encountered

'







Upper shooting

_ mechanism
(Two axis stabilizer) W
\\“—S : " , ‘,
e R O}
> - .-~.’ ﬂjfviﬁ Stabilizer ~ |

r— e o
A : mount

Chassis *



Original design compared to generative design

Original design

Design method: People subjective
design

Limits: materials, manufacturing
methods , experience of designer
Disadvantages: numbers of parts,
difficult to be assembled, no
scientific ways for lightweight

Generative design + additive manufacturing

Design method:
Automatic computer
iteration

Limits: boundary
conditions set by
designer

Advantages: only 1 single
part, no need be
assembled, scientific
ightweight design
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Design steps
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Design workflow

Set design space

> Set design

candition

Set design

Y

criteria

Set material

Generative

constraint

Starting
Geometry
(optional)

'

force

l

Preserve
Geometry

Y

Choose
from results

Objectives:
minimize
mass/maximize
stiffness

l

Manufacturing
methods:AM/
milling/casting




Lightweight the Head Support of the Infantry Robot---boundary condition

Design space
e Vo - . -
e G | B 8 = 9 & (e} B = R
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5 mass0.15,safty8 nostarting
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Lightweight the Head Support of the Infantry Robot---boundary condition
Design conditions

e G B 8| =% |25 %
EXPLORE ¥ INSPECT ¥ SELECT~

DESIGN
GUIDEY  STUDY~ EDITMODEL~Y  DESIGN SPACE~Y & DESIGN CONDITIONS ¥ DESIGN CRITERIAY  MATERIALS ¥

<« BROWSER
A B85 Generative Studies
a Units: Custom
RN fs_ Generative Model 1_[O}
D B3 nNamedViews
D @ B3 orign
D EJ Model Components
4
D @ [ Preserve Geometry
D @ I obstack Geometry
D @ (J startingShape
€3 objectives

Q Manufacturing

The fifth working conditions

Totally 5 different

kinds of working

conditions involved in ‘
the Generative Design

ol mass0.15 safty8 nostarting
B5  mass0.15safty10.0
B5 mass0.17,saftys.0

B5 mass0.17,safty8, 1mm



Lightweight the Head Support of the Infantry Robot---boundary condition

Design criteria - . |
e, B B M G =2 6| HUHLE B = S

GUDE~ STUDY~ EDTMODELY  DESIGNSPACEY  DESIGN CONDTIONS v || DESIGN CRTERIA Y|, MATERIALS ¥ GENERATE ¥ EXPLORE™  INSPECT™  SELECT~
© OBJECTIVES AND LIMITS @ MANUFACTURING

¥ Objectives
©

Maximize Stiffness

Unrestricted

Additive : .
2-axis Cutting

ts

‘= YLenite Overhang Angle 45.0 deg 4 g :
E Cutting Direction X Y
= =)
— c Minimum Thickness 6.00 mm - .
o] - Die Casting
S
% (i [ ok | [ cancel | 45 o Ejection Direction . . .
$ © OBJECTIVES AND LIMITS HCE Configuration 1 ,j_ 3-axis Minimum Draft Angle 3.0 deg =,
¥ Objectives o . y i g ol
> = Configiation 2 gm = Minimum Thickness 1.50 mm v
prarfll  tinimize Mass @) c
— 1 Maximum Thickness 13.00 mm B
D = + X
= v Limits
o]
(@B saety Factor Minimum Tool Diameter  10.00 mm - 0 | oK || Cancel |
Mass Target %
Tool Shoulder Length 40.00 mm v
Head Diameter 150.00 mm -

| ok | [ cancel |




Lightweight the Head Support of the Infantry Robot---boundary condition

Materials
e, o B o W =E&E 8 @. =1
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D
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Objectives
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Lightweight the Head Support of the Infantry Robot---boundary condition
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GUIDE ¥

DESIGN SPACE ™

¢

DESIGN CONDITIONS ¥ DESIGN CRITERIA ¥

o] O

GENERATE ¥

B

EXPLORE ¥

=

INSPECT ¥ SELECT~

Pre-Check

F Ready to Generate with Warnings

X

The missing input may impact your results.

units.

A 2-Axis Cutting doesn't support preserve bodies of
different height. Consider modifying 'Preserve Geometry'.

The Milling 'Head Diameter' is large comparing to the
A\ model size. Review the Milling settings, model size and

F Ready to Generate

Close

X

9 The study setup has all the information required.

Generate

STUDIES OF THE ACTIVE DOCUMENT

[ study

X

[ Hide studies that cannot be generated

Status Cloud Credits
Geuerau\e Model 1 - mass0.15,safty8.0
ve + Why cant| generate oufcomes? B Erioe < Rénal
Gent ive Model 1 - mass0.15,safty8,nostarting
Generative = Why cant | generate outcomes?
Generatie Model 1 -mass0.15,5afty10.0 —_—
en| Why cant| generate outcomes? Sss
Generative Model 1 -mass0.17,safty8.0
Generative » Why can't| generate outcomes?
O Generative Model 1 -mass0.17,safty8> 1mm
Generative ® Ready
[ Generative Model 1 -mass0.15,saftys.1 25
Generative @ Reaoy
CLOUD CREDITS
Required 25
BUYCREDITS + HISTORY + FAQ
Account Available Will Remain
110002275196 - 7818 7793

The document is

modified. A new version wil be created before generating.

Generate 1 Study ‘ Close ‘



Lightweight the H
ead Support of the Infantry Robot--interpretati f
ion of results

massO.lS.smya,mfﬂﬂl 0

masso.ls,saftye,nostartinq 0.
converged

Converged

masso.ls,saftya,nosta rting - O... masso.15,safty8,nostarting 0. mass0.15,safty8,nostarting -0..
converged converged

converged

massO.ﬁﬁaﬂYg-m’"m =

converged



Lightweight the Head Support of the Infantry Robot--interpretation of results

—— (ol ~
—— g8 =& 8 e =
DESIGN
GUIDE¥Y STUDY~ EDITMODELY  DESIGN SPACEY  DESIGN CONDITIONS ¥ DESIGN CRITERIAY  MATERIALS ¥ GENERATE ¥ EXPLORE ¥ INSPECT ¥ SELECT~
EXPLORE ¥ e
DISPLAY ¥ FINISH EXPLORE ¥
Outcome filters infrantry_support_part_Imetal 80 outcomes 67 converged 13 completed
v Processing status
Sortby  Study -

Converged

Completed

mass0.15,safty8,nostarting

v Study

Yo

mass0.15,saftys,n

&

mass0.15,safty8.0

&

mass0.15,safty10.0

&

mass0.17safty8s

(<<l <M<

S

mass0.17,safty8.0

v Design file

) Created from mass0.15,safty8,nostarting - O... mass0.15,safty8,nostarting - O... mass0.15,safty8,nostarting - O... mass0.15,safty8,nostarting - O... mass0.15,safty8,nostarting - O...
v

outcome

Not created from
outcome

v Manufacturing method
Unrestricted
Additive

 Objective ranges Reset

Volume (mm3)
3.39e+4 4347045
—_— mass0.15,safty8,nostarting - O... mass0.15,safty8,nostarting - O... mass0.15,safty8,nostarting - O... mass0.15,safty8,nostarting - O... mass0.15,safty8,nostarting - O... mass0.15,safty8,nostarting - O... mass0.15,safty8,nostarting - O... mass0.15,safty8,nostarting - O..

Mass (kg)
015 0361 mass0.15,safty8.0

Maximum displacement (mm)
0.03 3.41

Maximum von Mises stress (MPa)
2 1103

Minimum factor of safety

8 18.61 mass0.15,safty8.0 - Outcome 1 mass0.15,safty8.0 - Outcome 2 mass0.15,safty8.0 - Outcome 3 mass0.15,safty8.0 - Outcome 4 mass0.15,safty8.0 - Qutcome 5 mass0.15,safty8.0 - Outcome 6 mass0.15,safty8.0 - Qutcome 7 mass0.15,safty8.0 - Outcome 8



Lightweight the Head Support of the Infantry Robot--interpretation of results

| e, 6B BB G == 5 (B =&

H DESIGN
GUIDE¥Y STUDY~ EDITMODELY  DESIGN SPACEY  DESIGN CONDITIONS ¥ DESIGN CRMERIAY  MATERIALS ¥ GENERATE ¥ EXPLORE ¥ INSPECT ¥ SELECT~
Sort by Processing status v
Converged | Min factor of safety v
Completed . 25

Click drag to zoom
Processing IR0

v Study Reset 25 '}
[] mass0.15saftya.n )
|
20
[] mass015,saftys.0 ‘o
e
mass0.15,saftys.1 s °
175
[] mass015safty100 ) mass0.15,safty8.1 - Outcome 1 mass0.15,safty8.1 - Outcome 2
Converged Converged
[[] masso17saftys, o 15
[] masso7saftya0 ‘6‘ Properties Properties
5 Status Converged Status Converged
v Design file 125
Material Aluminum Material Aluminum o
Created from 7 = .
rientation - Orientation +
outcome 10 @ ®e o e o e» °
Manufacturing method Unrestricted Manufacturing method Additive
Not created from ‘ . i
outcome volume (mm?3) 3.364e+4 Volume (mm?) 6.203e+4 eLke @0 0 @) eeo 000 0O [® 00 0 L D e (11} e o
75
v Tech-Preview Mass (kg) 0.091 Mass (kg) 0.167
Tech-Preview. Max displacement (mm) 0.34 Max displacement (mm) 1.03 5 °
ot TehPravice Max von Mises stress (MPa) 34.4 Max von Mises stress (MPa) 344 A
5 o
Factor of safety limit 8 Factor of safety limit 8
v Manufacturing method 25 L]
Min factor of safety 8 Min factor of safety 8
Unrestricted a 4 -
- - -
Additive 0 A aa - =
05
3 axis milling Mass (kg) v
5 axis milling
Symbols Materials v
Die casting
v Objective ranges @ ABS Plastic @® Aluminum @ Aluminum 6061
volume (mm?3)
2.049e+4 6.028e+5 @® Nyloné @ PVC, Flexible @ Stainless Steel AISI 302

mass0.15,safty8.1 - Outcome 8 mass0.15,safty8.1 - Outcome 10
Converged Converged @ Titanium @ Titanium 6AL-4V




Lightweight the Head Support of the Infantry Robot--interpretation of results

o =3 oY= R = N .
coeamve, G 5 e =5 6 ©® HHLE = S
H s ] aaas Vg T J aal B3

GUIDE~Y STUDY ™  EDIT MODEL v DESIGN SPACEY  DESIGN CONDITIONS ¥ DESIGN CRITERIA ¥ MATERIALS ¥ GENERATE ¥ EXPLORE ¥ INSPECT ¥ SELECT ¥

mass0.15,safty8.1 - Dutcome 55 Converged PVC, Flexible Unrestricted

mass0.15,safty8 1 - Dutcome 56 Converged PVC, Flexible Additive Conve rge d-—
Results that
meet the
requirement
S

Completed—-

mass0.15,safty8.1 - Outcome 16 Completed Aluminum 6061 Die casting R es u lt S t 0

[ J
mass0.15,safty8.1 - Outcome 18 Completed Aluminum 6061 Die casting b e d ] S Ca rd e d

mass0.15,5afty8.1 - Qutcome 57 Converged PVC, Flexible Additive

mass0.15,safty8.1 - Dutcome 60 Converged PVC, Flexible 5 axis milling

mass0.15,safty8.1 - Outcome 7 Completed Aluminum Die casting

mass0.15,safty8.1 - Dutcome 9 Completed Aluminum Die casting

TCTTTCLT

mass0.15,safty8.1 - Outcome 25 Completed Titanium BAl-4V Die casting




Lightweight the Head Support of the Infantry Robot--interpretation of results

mass0.15,safty8.1 - Outcome 17 X (@] mass0.15 safty8.1 - Outcome 6 X

mass0.15,safty8.1 - Outcome ...
Iteration 15 (final)

Properties

Status Converged

Material Nylon 6

Orientation

Manufacturing method Unrestricted

Volume (mm?3) 6.651e+4

Mass (kg) 0.074

Max displacement (mm) 155

Max von Mises stress (MPa) 8.8
X Factor of safety limit 8

Min factor of safety 8




Lightweight the Head Support of the Infantry

18NS SEHCNC

Additive 5-Axis Milling
Outcome 6 Outcome 15

Material: Aluminum 6061 Material: Aluminum 6061
Weight: 151g Weight: 168

Factor of Safety : 8.01 Factor of Safety : 8.02
3&HCNC it

3-Axis Milling

Outcome 50
Material: Nylon 6
Weight: 203¢g
Factor of Safety: 8

Die Casting

Outcome 17

Material: Aluminum 6061
Weight: 92g

Factor of Safety : 8




Lightweight the Head Support of the Infantry --Iterations

Additive Manufacturing
Number of Iterations: 19

Properties |
Status Converged '
Material Aluminum 6061 |
Onentation - |
Manufacturing method Unrestricted |
Volume (mm?3) 5.601e+4 '
Mass (kg) 0.151 |
Max displacement (mm) 0.16 |
Max von Mises stress (MPa) 343 |
Factor of safety limit 8 |

Min factor of safety 8.01 |
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Manufacturing process

'




3D printing simulation
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Metal 3D printing (SLM)










Heat treatment (annealing)







Sanding and sand-blasting




Additive'Manufactured by Farsoon
Material: 'AlSi10Mg
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Test results



Lightweight the Head Support of the Infantry Robot—Physical Tests

Original Design

Manufacturing: CNC &
Assembly

Materials: Aluminum
alloy + Glass fiber plate
Number of parts: 27
Weight: 295¢g

Generative Design V1

Manufacturing: Additive
Materials: Resin
Number of parts: 1
Weight: 120g

Lighter: 59%

Physical Test: Fail

Generative Design V4

Manufacturing: Additive
Materials: Nylon
Number of parts: 1
Weight: 135g

Lighter: 54%

Physical Test: Fail

Generative Design V6

Manufacturing: Additive
Materials: Aluminum 6061
Number of parts: 1
Weight: 170g

Lighter: 42%

Physical Test: Success
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Light weight of the whole robot

'







Design workflow

Set design space

Starting
Geometry
(optional)

l

Preserve
Geometry

Set design

Set design

Set material

candition criteria
constraint Objectives:
minimize
l mass/maximize
stiffness
force

l

Manufacturing
methods:AM/
milling/casting

P Generative

Boundary
conditions

Choose
from results




Light We1ght
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Light weight of the whole robot--boundary
oo, ‘z@LEB o B =

\'l & MMEEE B =
_EDIT MODEL ~ DESIGN SPACE ¥ DESIGN CONDITIONS ¥ DESIGN CRITERIA ¥ MATERIALS ¥ GENERATE ¥ EXPLORE ¥ INSPECT ~ SELECT ¥
4
D @ EJ Preserve Geometry "1
D @ ¥ Obstacle Geometry J\
@ () Starting Shape \
<P Objectives |

-

8 Manufacturing !

A Study Materials .
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v [@ Milling

Light weight of the whole robot it e
. @ B e @8 =< [SH gz Low -

GUDE~  STUDY >  EDITMODEL ¥  DESIGN SPACE~Y  DESIGN CONDITIONS ¥ DESIGN CRITERIA ¥ 5§ MATERIALS ¥ + X
@ OBJECTIVES AND LIMITS

© MANUFACTURING Tool Direction X+ Y+ Z+

¥ Objectives

Unrestricted X- Y- .
Minimize Mass

Include all six directions (O
Maximize Stiffness Q) — Additive

Minimum Tool Diameter 10.00 mm -
¥ Limits
Overhang Angle 45.0 deg Tool Shoulder Lenath 40,00 mm =
Safety Factor M A4
Minimum Thickness 3.00 mm Head Diameter 150.00 mm -
i ] | ok || cancel |

¥ [ 2-axis Cutting
© OBJECTIVES AND LIMITS

i i Cutting Direction X Y .
 Objectives » () 2-axis Cutting

Minimize Mass O v @ i -
» [ Die Casting Die Casting
Maximize Stiffne:

Ejection Direction . . .
¥ Limits

Safety Factor 500 - i ] oK I | Cancel Minimum Dratft Angle 3.0 deg v
g Lt 0-3kg E Mirimum Thickness 1.50 mm v
Maximum Thickness 13.00 mm -

i ] 0K | | cancel




L1ght weight of the whole robot——boundary
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A Study 2 - Generative

@ [J  Preserve Geometry

@ ¥ Obstacle Geometry
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> Objectives

¥ Library
. Library Fusion 360 Material Library v
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L1ght weight of the whole robot——boundary
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Pre-Review
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F Ready to Generate with Warnings

The missing input may impact your results.

A 2-Axis Cutting doesn't support preserve bodies of
different height. Consider modifying 'Preserve Geometry'.

The Milling 'Head Diameter' is large comparing to the
A\ model size. Review the Milling settings, model size and

units.

F Ready to Generate

X

@ The study setup has all the information required.

GENERATE ¥
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Generate X
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Light weight of the whole robot--interpretation of
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Light weight of the whole robot--interpretation of
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4347 1 - £ = - Outcome 3

41 L- £ 5 - Cutcome 4
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Preview

Processing
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Converged

Converged

Converged

Converged

Converged

Completed

Completed

Completed

Completed

Completed

Material

ABS 238}

ABS #854

ABS ¥}
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ABS ¥}

ABS ¥}

ABS %35
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Manufacturing
method

Unrestricted

3 axis milling

Saxis milling

Unrestricted

3 axis milling

Additive

Additive

Additive

Additive

Additive

Volume (mm#)

4.8l6e+4

5.508e+4

5.655e+4

4.8l5e+4

5.756e+4

S.687e+4

4.848e+4

S.84le+4

S.24be+h
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Light weight of the whole robot--iterations

35HCNC
3-Axis
iterations: 55

Outcome 11

Material: resin
Weight: 68g

Factor of Safety: 11.12




Light weight of the whole robot

3DFTED SEHCNC

Additive 5-Axis

Outcome 1 Outcome 15

Material: ABS Material: resin
Weight: 51g Weight: 68

Factor of Safety : 7.03 Factor of Safety : 8.72
35HCNC P

3-Axis Casting

Outcome 11 Outcome 17

Material: resin Material: resin
Weight: 68g Weight: 57g

Factor of Safety: 11.12 Factor of Safety : 4.93
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Other examples
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Lightweight the Head Support of the
Hero Robot

37
46% Mass Reduction

Faster and nimbler
SCUT won the Champion of South China.

MVP in the Robomaster South China
competition area.

FFFFFFFFF
OF MAKING THINGS
EEEEEEEEE




Lightweight the spacecraft ribbed
plate

50% Mass Reduction

Lighter and save more fuel

Environmentally friendly

FFFFFFFFF
OF MAKING THINGS
NNNNNNNNN



Lightweight the legs of quadruped
Robot

42% Mass Reduction

Faster and nimbler
Longer battery life

Won the first prize of Robocon 2020 China

OF MAKING THINGS
BEGINS NOW




Conclusion

= Can be easily made through additive
manufacturing while CNC cannot

= 30% lighter of the whole robot if each parts
are generative design and 3d printed

= production in one single piece help
enhancing the structural strength, reduces
the material waste and entire iterative cost




Our stories
To be continue
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