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GRM Additional Modules for Design Studio
(.

Composite Analysis &
Optimisation Suite

— Composite Modeller
— Composite Reporter
— Material Library

— Ply Sensitivity Plotter
— Global Ply Design

— Ply Pattern Reporter
— MultiRun

- J
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GRM Additional Modules for Design Studio

@

Analysis & Optimisation
Process Tools

— LSPP Mesher
— Material Library

— Thickness Sensitivity
Plotter

— RDM®
— Abaqus Model Import

— SolidWorks Simulation
Import

— LS-DYNA Export

\
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Sensitivity Plotters

PSHELL Thickness ey
Visible Bar Responses

* Automatically plot and rank Sensitivity Plotter
stiffness & mass sensitivities to
selected shell properties

0 ____DDDDDDDDDDDDDDDD

-87,406.234

-174,812.469

GIObaI Ply -262,218.703 1l

 Automatically plot and rank B

Stiffness.1

-437,031172

St'ffness & mass SensitiV|t|eS to 178 177 139 138 137 136 176 175 166 167 160 132 133 161 43 146 162 61 53 60

PSHELL ID

selected global plies |

GRM

Optimised Engineering Design



E‘E DesWis 14,0 [tutorial_&_sens.dsg] (modified) o = X
File Edit Color Genesis Help
4| Thickness Sensitivity Plotte o - — [E=E
| £| Thickness Sensitivity Plotter = & - . , - —

rDisplay rhnalysis rTopobgy rDesign Posl

GRM Design|

- —
Visible Bar Responses

Sensitivity Plotter

| SEEE || LI |[ ’ [Illll[l[llll[ll[l[l[ll[l[.l.lll[.[.l.[l".__I.]E-[-_m___m___m___"—___"—___
Select Sensitivity -20 “Il
C\TRAINING\RDM\Tutorial_\tutorial &_sens! -40 ' ' : ' : ' ' : { ' ; : ; i
I -100 i i B i i i i : i i i i i i
-120 i i B i i i i : i i i i i i
D | MName o
176/PSHELL 178 W 140
177|PSHELL 177 ~ 180 i i i i i i i i i j i i i i
139|PSHELL 139 z
137|PSHELL 137 3 _ano i Lo i i i i i i i Lo i i i i o i i i i
136|PSHELL 136 §
175|PSHELL 175 2240 . . i . i . . i i i i | | |
166|PSHELL 166
167|PSHELL 167 1 -260
160|PSHELL 160 Il -280 ; i : ; : i j i ; ; : ; : ;
132|PSHELL 132 I
161|PSHELL 161 [l 320 : : Lo L : : : : : L Lo : : : : L : : : :
43|PSHELL 42 I
146|PSHELL 146 1 -340 oot i U S ; R
162[PSHELL 162 I 360 - . | L Ll . IR N
61|PSHELL &1 |
53PSHELL 53 | 178177 139138137136 175175166 167 160 132133161 G2 61 53 60 90145 62174158165 S2171164 74 801121792154173 51120 55100 91 76114169127 98150 94148 54180
60/PSHELL 60 I PSHELL ID
90[PSHELL 90 [ fiem I
145IPSHELL 145 = —— 5 =[view Coord. 5ys.. Hasic 005e elements Trom the VieWport or
62|PSHELL 62 | 0.0005415960| 7644, [¥#3##F License Server grm-wimd Tocated

Save as .Csv | |

## GEMToolkit license is available

Plot Sensitivity Bar Chart B
:| Process time = 0.079 secs

Build: 2902014

Beading sensitiwvity data from .5EN file process has stopped...




RDM®

RM

Optimised Engineering Design



The Reinforcement Derivation Method® (RDM)

* RDM enables rapid identification of the optimal
load path identification and reinforcement pattern
development

* Process allows:
— |dealised load path identification
— Automatic optimisation of rib patterns

* User has control of candidate rib
patterns generated, ensuring feasible
designs are developed
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RDM Design Space Creation Process

* Eliminates often prohibitive time to create and connect candidate
design space mesh

* RDMZ® tool enables auto creation and connection of design space in
seconds
— Block Search
— Projection
Wrap

Offset

Automotive BIW

350,000 elements

RDM Mesh = 216,000 hexas

Created and connected in 80seconds

Casting Candidate Ribs
29,000 elements

RDM Mesh = 174,000 quads
Created and connected in 40seconds
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Global Load Path Improvement

* An existing FE structure is our
starting point.

* The RDM® region is
automatically created in
Design Studio over the top at
user-defined limits.

* (Genesis carries out an
optimisation for multiple
load-cases, removing
superfluous material and
only leaving the most
important parts.
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Interpreting the Results

* The RDM® result is ideal for identifying areas of weakness and
demonstrates the most effective solution.

* However, the results need to be interpreted into feasible changes which
will satisfy manufacturing and practicality constraints. 3 options apply:

¢ Joining (Spot-welds)
— No additional mass ‘
— Minimal cost increase £ ® Geometry

Modifications

— Minimal mass addition ' : - o Additional
— No extra tools or , v C t
processing \ omponents
— Llargest stiffness
improvements
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* ok

Joining (Spot-welds)

K%

* The smaller local RDM®
“nuggets” are represented
as spot-welds. A total of
10 were created which
increased the body
stiffness by 1% for no
mass change.
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Geometry Updates

* Geometry change in upper
corner of boot aperture to
reduce offset in flow of
load-paths.

— 0.06kg (0.01%) mass
increase

— 3.7Hz (13%) increase in
first mode.
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Case Study in Casting Optimisation

Hitachi Rail Europe AT 200 Prototype Mock-Up
Armrest Assembly Design
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The Design Challenge

GRM delivered engineering of Hitachi Rail Europe’s next genejition train

seat designs

Achieved design significantly lighter —_—
than current seats in market place,

whilst developing cantilever mounting

layout

Achieved through extensive application
of Genesis in key components
Cast armrest assembly suitable for RDM ——
application

— Lower Armrest Valence

— Main Armrest

GRM
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Lower Armrest Valence

TOPOLOGY DESIGN ELEMENT DENSITY, DESIGN CYCLE NUMBER = 0
Isosurface enclosing 0% of topology region

* Lower valence casting has requirement to support standing loads
along top surface

* Solid RDM space creation used
— Block Search
— User Trimming _

* Default Topology optimisation i

AWy, AR,
L]
- L[]
set-up of
B N, YRR SR
S P R STy

17
PR =5
— Minimise Strain Energy - eaa R
<> o ' ) T

v

=
R
R

i
.ﬂ 5

iy
s

y rj"‘
"7
Whaw

I
RRN;
RN
- R
“'iﬁlﬁiﬁﬂiﬂﬂ i

o

NN
A 4}
) {?gggxg gggﬁr £y
T,
BT

o

W
o
5

‘
A
A
]

&.

T
Pupa ey
YA
Ty

v

R i, it
N AR AV e e e
e RRRAN RS oy LI
% 4&?“"‘“&\ i 1] LTS
ot RS o Sy "'m!k'ﬂf

“‘i‘%“‘ Ry
PITAk
Nm“‘“ﬁ“\
T TR Vv g
e e pa = ) N, o
TR e
s S s e o

Vi
=L
b

3

-,
el
v
N

I
RREY
TR
Sy T o i
Sn T o “‘-'ﬂ!ﬂm‘ﬂmﬂt‘%‘#‘ 1

] REA
£ )
H d H é}@‘“‘\"“ s e H e % K] )
— Fixed Mass Fraction poulien 2

— Casting Constraint applied »
to design space —

1/ 23

Optimised Engineering Design



Lower Armrest Valence — Design Results

RDM Results

(e




Primary Armrest Casting

e (Casting/Moulding model
designed without rib patten.

* The RDM® tool automatically
generates candidate ribs
based upon user
manufacturing & design rules

* (Genesis carries out an
optimisation for multiple
load-cases, eliminating ribs
not required to meet the
loading requirements
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Design Results

* Armrests successfully installed on first class and
standard seats for Hitachi demonstrator train

* Train launch in London in July 2014

e There’s even one in our office!




Summary and Conclusions

Genesis has, for a long time, contained the capabilities to optimise
casting and moulding rib patterns

RDM?® tools objective is to enable users to rapidly and easily identify
areas for design improvement

Specific application to castings/mouldings can be achieved using
either solid or shell RDM® design space options

In the case of Hitachi’s seat design Genesis and RDM® proved
invaluable in delivering a lightweight design in such a short timescale
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