Omni Directional Wheel
Optic design
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#1. Info — What is Omni wheel HANYANG UNIVERSITY
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(1) Bando, K, & Naito, J. (2015). Omni-directional wheel and omni-

directional vehicle including the same. (Japan, JP5687352 B1)




(2) https.//voutu.be/ ubcktAKOCw?feature=shared (3) https://whill.co.kr/modelc2
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Base model RMS (initial) * Reference : Whill model C2
o Mass total : 51.9 kg
Mesh size,; : Smm

ZH Y IPMCMEH S IIE 25 B IIBE
=X WOl 150-2631-1 0 0.5 ~ 80 Hz

*Suspension
Spring ronyrean : 6.7/ 37.3 [N/mm]
Damping (e : 0.35 [N/(mm/s)]

Road model (sin)



The sample illust of predictable effect
by stress at roller support
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(b)Roller support method

(a)Structural blueprint for In pre study

Omni wheel




(5)https://www.alibaba.com/product-detail/S-S-254mm-omni-robot-
directional_1600879114202.html?spm=a2700.7724857.0.0.13761270tCjYnN

(6)https://whill.inc/jp/model-c2
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Free Shape Optimize




Support for Support for

Section cut for Big roller small roller

Omni wheel



#1 Mesh generate (1mm) #2 Create SPC #3 Create Z force

I » Mesh ’

Make master node

1mesh. ¥

Make spc at

master node

e W
Constraints
1D 2D 3D Assembly Connectors Morph Model
T:t Hex

Map Thin Solids

Solid Mesh ~
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#2-1 Force analyze result (base) HANYANG UNIVERSITY

Contour Plot
Displacement(Mag)
Analysis system

6.304E-02
I 5.603-02
4.903E-02
— 4.203E-02

= 3502602
= 2.802¢-02

2101€-02
1.401E-02
7.004E-03

0.000E+00
No Result

Max = 6.304E-02
Grids 18382
Min = 0.000E+00
Grids 12596

« Max displacement = 0.063 mm
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Corfig: free shape ‘|
- Create
Method: (cLaSSIC “
Nodes/Sets: INodes ‘
Nodes: ~ © Nodes (201)
- Parameters | M ovox

Node  [24966] | GRID|

Name

Sclver Keyword:
Mame:

T

Include:
Response Type:
Property:

List Of Properties:

Exclude Elements:
Region Identifier:

ATTB_Cption:
COORD:
DREPORT:
Me

Value Name Value

[DRESP1_STRESS PSOLD ... Solver Keyword: | MINMAX \
I?tregs Name: stress |
| [Main Model] v 2 ‘ 1 ‘
static stress - Include: ‘ [Main Model] v‘
PSOLID . Cbiective Type: Minmax .
[ ® ! Properties . Dsys Respanse Id: | @ <Unspecified> N
{10 7.0 Fements ¢ - List of Dobjrefs: 1 Dobjrefs .|

Metadata

YOn mises v
- Hf
O

O . 3

Responses

I |1 \
Include: | [Mlain Maodel] 4

» Response: [ W (1) stress 8
All Loadsteps: ]

# 1 Loadsteps Ie]
Negative Reference Op... <OFF> -

» List of Loadsteps: I

- Upper Options

Positive Reference C. ..

Positive Reference:
Metadata

Optimize



#1 Optistruct solver view #2 Solver output file

12 t2.fem - Altair Compute Console Solver View — (m] X 11 View File "C:/Users/chanm/Desktop/big roller aly/tyest/t2.out” = a X
sk ok S ok sk ok ke sk sk sk sk sk ke sk ke o ke ok o sk ok sk R s R sk ke sk ke sk ok Sk o s ok ke b s b s b sk sk ke sk ke o ke ok o o ok ke o ke R sk ke sk ke sk ok sk ok s ok ke o ke b ok
Solver:  optistruct_2023.1_win64.exe ek Ak
ke | ifem Ielb eemmltzs b Altair OptiStruct(TM) 2023.1 -
* ok Kok
*k Advanced Engineering Analvsis, Design and ok
Run command: .../hwsolver.tcl .../t2.fem -screen -dir -s¢ *x Optimization Software from Altair Engineering, Inc. *
kK Ak
Message log: . Optimization summary: * OptiStruct includes an enhanced proprietary version of MNASTRAN *
Messages far the job: Iteration Subcase Variable Grid/Elem ID  VYalue w i
*x A
0 1 MaxDisp 16403_Y -0,0561008 % Windows 10 (Build 9200y CH4 *x
OPTIMIZATION HAS CONVERGED. 0 9 ObJFun:Min(Max)STRES 0 1933.36 wx 16 CPJ:  AMD Rvzen 7 5800H with Radeon Graphics wx
FEASIBLE DESIGN (ALL CONSTRAINTS SATISFIED) ¢ O fedonstriisl (1) 18406V 0 0358576 - 6956 VB FiAM, - 40705 B swan -
1 0 ObJFun:Min(Max)STRES 0 1932.71 % Build: 1195093uwn33231 _CeB4RBEs8UHTAM 1 223579000  4600400400000000 *«
1 Q MaxComstr\/i0|(%) 0 0 T T T I TppTpppeay
2 1 MaxDisp 16403_Y -0.0558463 w%  COPYRIGHT () 1995-2023 Altair Engineering, Inc. #=
2 0 ObJFuﬂ‘MlﬂgMaXD)STRES Q0 1932.94 *x All Rights Reserved. Copyright notice does not imply publication. **
2 0 MexConstryiol (%) o 0 *x Contains trade secrets of Altair Engineering, Inc. *

** Decompilation or disassembly of this software strictly prohibited. **

< Y ke ok ok ok ok ok ok ok sk ok ok ok ok o ke ke ks ks ks ok ko s s sk sk ok ko ok kR ke ke

Run summary:
hkkk

. - Find: *x% OptiStruct defaults set from
e e install config file: C!/PROGRA-1/Altair/2023. 1/hwso lvers/optistruct ofg.
*x Altair OptiStruct(TM) 2023 1 *x
*k *k
Ad d Engi ing Analvsis Desi 4 NOTE # 9199
:i thimiZ;?Tgﬁ SO?%V‘,QEZ?EN R?tﬁ?‘rsgng?ﬁgg'ﬁﬁgj Inc. :i MSELMT=STRICT is actiwve, all messages will be printed unless there is
. . a subsequent MSGLMT definition to limit error or warning messages.
**  OptiStruct includes an enhanced proprietary version of MASTRAN — »= You can also suppress some less important warning messages by use of
w w MSGLMT=BRIEF or UNFEF (in config file or in the input data).
*x Windows 10 (Build 9200) CH4 *x
*x 16 CPU: AMD Ryzen 7 5800H with Radeon Graphics *x
*x £939 MB RAM, 40703 MB swap *x
*x *x wxx WARK NG # 7339
** Build: 1195093uwn33231 _CebG4RBESBUHT4M: 223579-000  4600400400000000 *= GRID 58109 in DSHAPE card 1 is not on the boundary.
KEKEK
*+  COPYRIGHT (C) 1996-2023 Altair Engineering, Inc. =+ wx% |NFORMATION # 815
#* All Rights Reserved. Copyright notice does not imply publication. #* The total number of rigid elements, whose rotational dependent d.o.f.
*% Contains trade secrets of Altair Engineering, Inc. *x are removed because there is no need to constrain those d.o.f., is 1.
+% Decompilation or disassembly of this software strictly prohibited. =
dad MOTE # 1852

AUTOMAT IC SCHEEMING is activated.

The amount of memory al located for the run is 1315 ME. Use DSCREEM, AUTO,OFF to disable automatic screening.
This run will use in—core processing in the solver

MUMPS solver will allocate memory separately and may B R R R R R R N 2 & L £ 2 T E T L T PR e E s
riin in diffarant ~ara (in/at) mada
4 » 4 >

N 2 )
Results View = Close Find: lanore case Find Close



#2-2 Select for the best Iteration case |, \vivc universiTy

[TERATICN 1

the 1st satisfied convergence ratio = 3.3767E-04

Object ive Function (Min(Max) STRES) = 1.93271E+05 % change = .03
Maximum Constraint Violation % = (0, 00000E+00

Vo lume = ] G88EH00 Mass = 38330304

Subcase  Compliance Ensi lon

I 2.318406E+01 746253313

Note @ Epsilon = Residual Strain Energy Ratio,

Example of each value
from output file

# 2t 59 +X| (ALL: lower is better)

#1. Convergence ratio : Z| &5 =8 AU sjje| OHHE
gutd o= 1 0|5te] 8% =38 £/t =L}

#2. compliance : #%| T&d T (HE H|&E)
s HAO0| XLt = 52 44

#3. Epsilon > Tt0] S5 H|=
Aers SH0| S, 1 HY Vtesd H=



-0.0561 2.326E+01 2.462E-12

-0.0558 2.318E+01 7.462E-13
-0.5% -0.35% -69.69%
Contour Plot
Shape Boundary (Grow/Shrink)
T3 O Base [fH| Z2 FHE 29
e nFz HetE 2L L+d0|
o = 7 ML FF 7S
NoResult
+ Contourg& & StL fillet HE[RL FArR
Grids 19403

Optimum model view (isometric/front)



Refine model

Shape Optimize contour (Top)
Fillet making from contour result (bottom)



-1.87%

Base model Refine model

> 0|5 X| 2k Base 2 CHH| H 2, stress,, & 28 = AUACL



Mass Optimize




 5mm = mesh generate

<
/ « Roller M| 2] Wheel hub,

support =20 CHSH

@;\Q Mass Optimize &

Omni wheel model overall (left)
Model except rollers (right)



Constraints )
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(7) MSoASLEAN

« TMA B S = 62kg 7

- 2N 09| 62kgl| RHE
=510 SELEfOf| A
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e e B

259.3 279.8

- MEPH O 2 2000N 0|2t

> 2000N= HE[H HALE0
Measurement to earn =X|7t g2 Ao|2f ErEt
Normal force at each wheel



The sample illust of predictable effect
by stress at roller support
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load collectorsZ= Hli X|

Visualize load collectors apply to model
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Name Value
Solver Keyword: DTPL  PSOLD \
hName: \DE ‘ ——
b H } } B AfE0.119mm
Include: Ilain Model d -
Config: ‘topology . IN—YAESL-E
- Create
Property Type: P3SOLD . -
Lattice Optimization: [ E
- Parameters ;::
Windim: E

Stress Constraint:

& KE0.069mm

| |
\ |
Maxdin: ‘ ‘
none .

Fatigue Constraint: | T If—“/Bﬁﬂ-J;
Task bar for design variable (left) Constraint target node (left)
Target model (right) Displacement in ref article (right)
™z WY - Topology 1 =792 siM AN E HIEC=E
- -+
CH& - Hub + support E{o| BE LEOf O3

+0.1mm HEE &5 72 27



Value

22
o

Responses 2
e, | [Main Model]

[DRESP1 DisP TXVZ
div

Response Type: |staﬂc displacement

Property: [PROP_TOTAL

List Of MNodes: [ © 28851 MNodes k
Region Identifier: 2

; |tota| displacemert
COORD: O

DREPORT: O
Metadata

+ W | Search Optimization Res
P Name D @ Include

| mass 1
L div ? 0

[2-1]01 A Hot & =0 CisH

YN 9l Y FRYS #goz M

Value
B esoai

Objectives  gpjeriive

i} 1

e i Mocel]

Oblective Type:  Mrimize
' Response B (1) mass

Metadata

N =] - |
o =20
@Elxe 2

Optimize



10 ffinal fem - Altair Compute Console Selver Wiew

Solver: optistruct_2022 3_win64.exe
Input file: ffinal.fem Job completed
Run command:|._/hwsolvertcl -sclver OS -screen __/ffinal fem
Message log: Optimization summary: Graph
Messages for the job: dAL T JUUTI_L IO DEaT T
axDisp E009_7Z -0.031936
axDisp 4971 _7 -0, 026815
OPTIMIZATION HAS CONVERGED. axDisp EO09_Y -0.037335
axDisp RO09_Y -0, 046273
FELSIBLE DESIGH (aLL COMSTRAIMTS SATISFIED). axDisp B009_Y -0, 042302
axDisp RO0D9_Z 0.029540
biFun:MinimizeMdss 0 0.02119
axConstryiol (%) a ]
L
< >
Run summary:
OPTIMIZATION HAS CONVERGED. Find: | ~
FEASIBLE DESIGH (ALL COMSTRAIMTS SATISFIED).
==== End of solver screen output ====
==== OptiStruct Job completed ====
L

ven

.

11y Convergence history for <ffinal fems *
Iteration=17 value=-0.0963016 (id=21837_Y)

11 Convergence history for <ffinal fem>

pus
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0.014
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| | | Iter
Cobh LT LT L
|4||x||>| |MaxDTsp v| Subcase: v" Close
11y Convergence history for <ffinal fem> x 11y Convergence history for =ffinal fem= X

Iteration=1_value=00142187
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Base model Optimum model

14.211 12.119

-14.72%

Base model Optimum model

> 2kg o £ L7} 0| R0fH



D Section Cuts

Front view Isometric view Side view

- Roller support F& 2| pocketing0| 0| F0{#H



Front view of model Section view from side view (left)
Isometric view od model (middle)

Wheel hub hole = R =10

=2 5ls
Hole nearby support > R = 7.5 Offset > 10mm S F0{5t0;

22 10mm £ 20mm

Q| 7|Z2 2 Pocketing X1 Pocketing £



-35.91%

Base model Refine model

- Optistruct solver file2} Z0]| 2kg

2 X0|E =AU 5+ AALC



#1 Free shape Optimization #2 Mass optimization
for big roller support Except rollers

* Obj (reduce stress) « Obj (reduce mass)

* Result: making fillet - Result: pocket middle part
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