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Structural components of an electric self-
balancing wheelchair (metal replacement) and a
redesign problem solved by Moldex3D

RADICI Group
Andrea Canegrati

Moldex3D
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Key features

> Concept: Self-balancing, fully electric wheelchair for
sustainable and inclusive urban micromobility.
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> Partnership: Result of the team-work among Genny Factory,
Acerbis and RadiciGroup.
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'Genny Zero: the project

Key features

> Concept: Self-balancing, fully electric wheelchair for
sustainable and inclusive urban micromobility.

> Partnership: Result of the team-work among Genny Factory,
Acerbis and RadiciGroup.

> Manufacturing: Leveraging on metal replacement concept,
it heads to a lean manufacturing.
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'Genny Zero: the project —
Key features

> Concept: Self-balancing, fully electric wheelchair for
sustainable and inclusive urban micromobility.

> Partnership: Result of the team-work among Genny Factory,
Acerbis and RadiciGroup.

> Manufacturing: Leveraging on metal replacement concept,
it heads to a lean manufacturing.

> Engineering: Driven by innovation, no compromises on
material selection and performance.
Embrace ligthweighting, without scarifying
safety and robustness.

ACEI3D
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'Genny Zero: the project —
Key features

> Concept: Self-balancing, fully electric wheelchair for
sustainable and inclusive urban micromobility.

> Partnership: Result of the team-work among Genny Factory,
Acerbis and RadiciGroup.

> Manufacturing: Leveraging on metal replacement concept,
it heads to a lean manufacturing.

> Engineering: Driven by innovation, no compromises on
material selection and performance.
Embrace ligthweighting, without scarifying
safety and robustness.

> Design: Combines accessibility, functionality and
aestethics, maximizing comfort and users’
experience.

ACEI3D
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'Genny Zero: Radici contribution
Material solutions
> Structural components
< Frame: RADILON S RV300W, 30% GF PAG6.

High stiffnes, good mechanical resistance,
excellent heat resistance and aging
properties retention.
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Genny Zero: Radici contribution
Material solutions

> Structural components
< Frame: RADILON S RV300W, 30% GF PAG6.

High stiffnes, good mechanical resistance,
excellent heat resistance and aging
properties retention.

< Seat: RADISTRONG A RV500W, special 50% GF PA66.

Enchanced mechanical properties, heat
stabilized, suitable for demanding applications
(as metal replacement).
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Genny Zero: Radici contribution
Material solutions

> Structural components
< Frame: RADILON S RV300W, 30% GF PAG6.

High stiffnes, good mechanical resistance,
excellent heat resistance and aging
properties retention.

< Seat: RADISTRONG A RV500W, special 50% GF PA66.

Enchanced mechanical properties, heat
stabilized, suitable for demanding applications
(as metal replacement).

> Aesthetic components
<+ Fairings: RADILON MIXLOY S HSA20T, PA6+ABS blend.

Toughned, high impact resistance and
improved flexibility. Enhanced surface aspect.
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Material solutions

> Structural components
< Frame: RADILON S RV300W, 30% GF PAG.

High stiffnes, good mechanical resistance,
excellent heat resistance and aging
properties retention.

< Seat: RADISTRONG A RV500W, special 50% GF PA66.

Enchanced mechanical properties, heat
stabilized, suitable for demanding applications
(as metal replacement).

> Aesthetic components
<+ Fairings: RADILON MIXLOY S HSA20T, PA6+ABS blend.
Toughned, high impact resistance and

>\(,° engineering  Support design with

improved flexibility. Enhanced surface aspect. ~ © S501S0 . .. know-how and CAE tools
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Genny Zero: Radici contribution
Material solutions

> Structural components

< Seat: RADISTRONG A RV500W, special 50% GF PA66.

Enchanced mechanical properties, heat
stabilized, suitable for demanding applications
(as metal replacement).

> Aesthetic components
< Fairings: RADILON MIXLOY S HSA20T, PA6+ABS blend.
Toughned, high impact resistance and /'>(\,' engineering  Support design with
== JSlloe . know-how and CAE tools

Simulate. Collaborate. Innovate

improved flexibility. Enhanced surface aspect.
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Genny Zero: Fairings
Key features and customer’s requirements

> Flawless appearance: hide weld lines from filling of a geometry with a ring-like feature

Vg Ring feature
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Genny Zero: Fairings
Key features and customer’s requirements

> Flawless appearance: hide weld lines from filling of a geometry with a ring-like feature

> Limited warpage: low deformations allowed at the fastening locations

@ Anchor points
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Key features and customer’s requirements

> Flawless appearance: hide weld lines from filling of a geometry with a ring-like feature
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> Limited warpage: low deformations allowed at the fastening locations

> Mass coloured: Neat grade, ensuring top-notch surface finishing

> Natural coloured: to be taylor-painted on customer’s will. Dry of the paint in oven.
8% glass fibre added to improve dimensional stability at high temperature

Vs Ring feature

@ Anchor points
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Genny Zero: Fairings
Key features and customer’s requirements

> Flawless appearance: hide weld lines from filling of a geometry with a ring-like feature
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> Limited warpage: low deformations allowed at the fastening locations

> Mass coloured: Neat grade, ensuring top-notch surface finishing

> Natural coloured: to be taylor-painted on customer’s will. Dry of the paint in oven.
8% glass fibre added to improve dimensional stability at high temperature

Challenge: Single mold processes 2 Materials

Vs Ring feature

@ Anchor points
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Fairings — Process Simulation
1st option: Single, mid-span gate
> Filling: Melt front advancement
i < Smooth filling

1.631

< Weld line spot exposed

1.335

1.038

< High injection pressure

0.742

| < High clamping force

0.148

Min 0.000 188
40.00 mm | | Moldex3D
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Fairings — Process Simulation
1st option: Single, mid-span gate

140 Injection pressure [MPa] 700 Clamp Force [Ton(m)] Flow front progression
[— Single shot injection] [ === Single shot injection]
120 600
[sec]
100 500 [ )
0 2.25

80 400
60 300
40 200
20 100
0® 0 &—
0.0 0.5 1.0 15 2.0 2.5 0.0 0.5 1.0 1.5 2.0 25
Time [sec] Time [sec]
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Fairings — Process Simulation
1st option: Single, mid-span gate

140 Injection pressure [MPa] 700 Clamp Force [Ton(m)] Flow front progression
8 J
[ === Single shot injection] [ === Single shot injection]
120 600
100 \ 500 B ] =
0 225
R J H
80 400

60 300
40 200
20 100 exposed weld line
0 0
00 05 10 15 20 25 00 05 10 15 20 25

Time [sec] Time [sec]
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Fairings — Process Simulation
2"d option: Double gate, sequential injection

> Filling: Melt front advancement

HIGH PERFORMANCE
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[sec] Run 8
Max 2.224 Filling_Melt Front Time
Time = 2.224 sec (EOF)

1.927 o SmOOth f|”|ng

1.631

< Weld line spot hidden

1.334
1.038
< Moderate injection pressure

0.741

0.445

< Handleable clamping force
0.148

.
} 159
Min 0.000 = i

40.00 mm | MoldexD 188
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Fairings — Process Simulation
2"d option: Double gate, sequential injection

140 . Injection pressure [MPa] 700 = Clamp Force [Ton(m)] Flow front progression

[— Single shot injection] [— Single shot iniectionJ

120 == Sequential injection 600 === Sequential injection
[sec]
100 500 [
80 400
60 300
40 200
20 100
U Gate close
0® 0 & W Gate open
0.0 0.5 1.0 15 2.0 2.5 0.0 0.5 1.0 1.5 2.0 2.5
Time [sec] Time [sec]
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Fairings — Process Simulation
2"d option: Double gate, sequential injection

140 Injection pressure [MPa] 700 Clamp Force [Ton(m)] Flow front progression
=== Single shot injection === Single shot injection °
120 === Sequential injection 600 === Sequential injection
[sec]
2ND Gate opening w e
100 500 | . e e e —— |
N\ 0 2.25
80 400
e
60 300 2ND Gate opening
& N
40 200 ) )
\\ hidden weld line
20 100 '
U Gate close
0 0 W Gate open
0,0 0,5 1,0 1,5 2,0 25 0,0 0,5 1,0 1,5 2,0 2,5

Time [sec] Time [sec]
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Fairings — Warpage simulation
Local Best-Fit approach

Local Best-Fit approach delivers warpage results to local best match the deformations of the
selected nodes against their original values. s
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Fairings — Warpage simulation
Local Best-Fit approach

Local Best-Fit approach delivers warpage results to local best match the deformations of the
selected nodes against their original values. P

LR
AR
1.7 ‘l“ B
araVAVA

<7
P

» NI
LR Sy
S RSNy anS e

/ LR e MNE T
RSN G AN PV, Y S AV, S SVAVAY ST gt e el
,éaﬂ:‘;:.-‘gn LA S I AN 7 mk,‘\ i

o

AVAY ]
SR ARSI A
R

=
i
u
i
i
4
i
%
5
i
4

SSEE . Y\z /
SRR Node selection Moldex3D x/\k y

=

The offset of the fastening point in the warped configuration against the original is evaluated,
allowing:

< potential issues during the fairing-to-frame assembly, caused by excessive offsets, to be
anticipated already in the simulation phase.

< the rendering of the shape the fairing will retain once assembled on the frame
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Sequential injection — Local Best-Fit — Neat Grade

Deformed configuration according to
local Best-fit approach

Scale factor x5

<
N
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Sequential injection — Local Best-Fit — 8%GF Grade

Deformed configuration according to
local Best-fit approach

Scale factor x5

$ Moldex3D xyjz
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Fairings — Warpage simulation
Sequential injection — Local Best-Fit — Comparison

A single, suitable, isotropic mold compensation value was sapplied.

Neat Grade 8% GF Grade

Moldex3D xy/‘x

The predicted deformed configurations, for the two materials, considering mold compensation,
are similar. On the basis of the simulated results the mold design was carried out.
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Genny Zero: Seat
Key features and customer’s requirements

Target: Replace Aluminium with engineering polymer.
> Why?
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'Genny Zero: Seat
Key features and customer’s requirements
Target: Replace Aluminium with engineering polymer.
> Why?

% Enhance design flexibility : through injection moulding
more intricate as well as tapered,eye-catching shapes may
be obtained.
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Genny Zero: Seat
Key features and customer’s requirements

Target: Replace Aluminium with engineering polymer.
> Why?
% Enhance design flexibility : through injection moulding

more intricate as well as tapered,eye-catching shapes may
be obtained.

% Optimize _manufacturing : Single step process, no
additional surface finishing required. Cost and time saving
approach.




mid & 15

+
Genny Zero: Seat
Key features and customer’s requirements

Target: Replace Aluminium with engineering polymer.
> Why?

% Enhance design flexibility : through injection moulding
more intricate as well as tapered,eye-catching shapes may
be obtained.

% Optimize _manufacturing : Single step process, no
additional surface finishing required. Cost and time saving
approach.

<+ Weight reduction : optimal location of the injection gate,
optimal process parameters and design ensure stiffness and
strength saving weight.
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Genny Zero: Seat
Key features and customer’s requirements

Target: Replace Aluminium with engineering polymer.
> Why?
% Enhance design flexibility : through injection moulding

more intricate as well as tapered,eye-catching shapes may
be obtained.

% Optimize _manufacturing : Single step process, no
additional surface finishing required. Cost and time saving
approach.

<+ Weight reduction : optimal location of the injection gate,
optimal process parameters and design ensure stiffness and
strength saving weight.

Challenge: select gate location providing maximum fibre
alignment with expected load, prediction of fibre
orientation distribution.
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Seat — Process Simulation
Head injection gate

> Filling: Melt front advancement

[sec] Run 2
Max 3.504 Filling_Meilt Front Time
Time = 3.504 sec (EOF)

3.046
2.589 < Smooth f|”|ng
- % Strategic gate positioning
< Moderate injection pressure
0.759
0.302 z 49
xiBlayrs = o

g ate 30.00mm [ | Moldex3D
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Molten core
High packing quality ensures material consolidation, resulting in best performance under load.
End of filling - End of packing

b

Packing progression

Prediction of material solidifaction and consolidation

Moldex3D :}'—V
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Seat — Warpage Simulation
Total displacements
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Limited warpage in the lateral region of the seat

Moldex3D :}'—V
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Seat — Fibre orientation
1st eigenvector

The simulated fibre orientation is preferientally aligned
with the expected critical stresses

0.900
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0.828

0.756

0.685

0.613

0.54

0.469

0.397

y
* Moldex3D *'<
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Seat — Fibre orientation
1st eigenvector

The simulated fibre orientation is preferientally aligned
with the expected critical stresses

0.900
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Moldex3D Manufacturing
simulation

0.828

0.756

0.685

0.613

0.54

0.469

Structural
analysis

0.397

Min 0.362
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> The design of the fairings and of the seat of an electric, self-balancing wheelchair was

supported by process simulations.

> To meet customer’s requirements on final components, potential process related

issues should be foreseen in the design stage.

> An advanced process simulation helped us to:
< ldentify and manage the locations of un-aestethic features
<+ Tune process parameters according to the customer’s technological limits

< Anticipate possible fairing-to-frame assembly issues, due to excessive offsets

between anchor points (Fairing-Frame)

% Evaluate fibre orientation distribution to be transferred to structural simulation



Thank you




. Presentazione azienda
. Problema
. Ipotesi di Soluzione
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