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Optimization of Bumper Structures
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Must have high strength
Should be light

Should be has long lifetime
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Design

Design parameters:
* a,b,cd e f g(dimensions)
* Profile thickness

Outputs:
e Mass
 Max. stress

Optimization goals:
*  Minimum mass
« Max. Stress < Yield stress

100 mm
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Process Automation
m—
! l

CAD FEA ANALYSIS VOLUME
fin] > S cama > B > B

Program Text

Geometry Preparation Steps;

* Preparing the bumper profile in Catia

STRESS
Text

Linear Solving Steps, FATIGUE > [ urenme

 Preparation of the automated FEM model (SOL10T1)

DOE
CSVParser

* Analyzing with pSeven i

*  DoE (Design of Experiment) ) g":;;‘;ﬁ'lfe ., .+ OPTIMIZATION

Design space e...

Design space e...

* Preparation of the automated Fatigue analysis model S D

* Creating pSeven Workflow I

* Optimization

* Post-Process of the outputs i

h AMNALYSIS
Composite
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Analysis Workflow

=)

— 3

FEA MACRO
Text

|

FEA ANALYSIS
Program

— N

=)

VOLUME
Text

STRESS
Text

FATIGUE
Program

—

—

MASS
Formula

LIFETIME
Text
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CAD Integration

Configure: CAD (CATIA)

Configuration Documentinle

CAD
S cama

Export file

| Project file *.\model\Part1.CATPart'

| Project file "\sandbox_for_ncode\Part1_66mm.stp’ || |

Options

Ports

Document tree 4

Variables + | =

v B part parameters
[ sketch.55
* [3) part
=[] PartBody
v [ sketch.z
v [ sketch.z
v O swesp.1
v [ sketch.a
» [ rlaned
v [ sketch.s
» O extrude.
» [ split.t
* [3] Parameters.2
D radii
=
Mo
&
Md
e
&
He
» O Relations
[ part Number
O momenclature

Sandbox

4

Name Tree node Ports Type

(part parameters, Part1, RealScalar
(part parameters, Part1,
(part parameters, Part1,
(part parameters, Part1,
(part parameters, Part1,
(part parameters, Part1,

(part parameters, Part1,

input
input
input
input
input
input
input

RealScalar
RealScalar
Realscalar
RealScalar
RealScalar

m ~h m o N oW
R

RealScalar

OK || Cancel || Apply |

B $:IMACRD
|

FEA ANALYSIS
— B

e

N B VOLUME > ™ Mass

> cAD
fin} S camia Text i Formula

STRESS
Text

FATIGUE
Program

LIFETIME
— B

Modeling of the bumper design was done in

CATIA software as 3D Shell model.

The CATIA block in pSeven allows you to access

the parameters and feature tree in a .catpart.
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FEA Model & Analysis

a s Patran 2019
Hone

S |FF 8Fe @ e=wLErLL s @ B

R ENEL S E R R AR

Defaults Transforms Viewport Di Misc

i Flev Group~ Viewport Viewing~ Display- Preferences: Tools~ Insight Control- Help~ Utibes

With Patran macro (.ses) ;
- Importing .stp file

- Creating 2D mesh

- Defining the thickness
- Defining loads

Defining report contents




FEA MACRO
Text

| l

ol N 0 gﬁ‘r’u\ N E FEA ANALYSIS N B VOLUME > ™ Mass

Program Text i Formula

FEA Model & Analysis

FATIGUE % LIFETIME

Program Text

Configure: FEA MACRO (Text) |:|’ X
Input fil : =
Configuration L EsilE I Operations » Y% | | =
Proiect file 'Amode| f webi s ro4 o1 —
Options ‘ | roject file el_for_ncode\webinar_ses_r04.ses.0 H_' |I 1@ Set frame start: search for "elementprops_create™. match 1..
S LR = I Q. Set frame start: search for "m", match 2 times
o Template file: |Use input file | | L | =
o wy.3m, W7 ES=-gn, wn] ) 2| 3 4 Write to file: variable thickness, line 0, field 5
sandbox STRING asm delete_surface_delsted i1ds[VIRTURL] I I_ Reset the working e
asm_delete surfaces( " —
$% 1 Surface Deleted: Surface 1 I 1Q set frame start: search for "Poisson Ratio”, match 1 time, m..
elementprops eate( "shell", 51, 25, 35, 1, 1, 20, [1] (]
FEA MACRO 4118, 41189 1, 4401, 4402, 4403, 4404, 4405, 4408, I oo Read from file: variable density, line 0, field 3 eX OC y
Text b Y g1, L, L 1oL, 8, %, L0011, 1, 1, 1, 4, 8], [Mmim
T4 mm_ommwm_omwomm_owwownowwowmowwomwomwy o owSprr,
75| $# Property Set "shell" created. - -
78 loadskcs_createZ( "fix", "Displacement”, "Nodal", " D t d f m m f l d t
77 "Surface 5:17:4.5 5::’?::1.6 5:17:4.7 5::’{?:4 L :’C—ec;r.e' - a a rea ro acro I e ens'
78 ox", "gQ Q0 O3V, "¢ >, Mg »m], [mw, wm,
£4 Load/BC set "fix" created.
FEA ANALYSIS loadskcs_createZ( "load", "Total Load", "Element Unifol Ch d t th' k 'th' th f'l
Bffgram - ange data (thickness) within the macro file
"3 24:26.3"], "Geomet , "Cooxd 0", "1.", ["<
1) . =
$% Toad/BC set "load" created. Naciables + =
exec_function( "me seed_display mgr", "inic" ) Name 4| Ports Type Test value
EGER fem create_me surfa nodes -
WTEGER fem create me 2 density output | RealScalar 7.8500e-9
STRING fam creste mes! des created[VIRTUAL] thickness input RealScalar
STRING fem create_mesh s _slems_created[VIRTUAL]
fem create mesh . E rid", 4%g64, "Surface
, "1.am], "guaddn, "Coord OW, "Coord OW, @
fem create_mesh nodes, fem create_mes!
1 r
-:- | Hotkeys
Output file
Temporary file without initial data: write to port 'output H . | -
|0 | OK | | Cancel | | Apply

s_
-
£
(@]
O
n
1
Q




FEA MACRO
Text

v

m —> S gﬁ‘r’u\ — E FEA ANALYSIS B VOLUME —~

Program Text i Formula

Mass Calculation

FATIGUE LIFETIME
e — B

VOLUME
Text

Configure: VOLUME (Text) Configure: MASS (Formula) |:|Jl b4
Configuration ImpLrt(Aile — Operations P v | | = Configuration Formula designer
options | Read from port 'input ||_| I 1Q Set frame start: search for "Scalar Properties.. - Mame  Formula Map Del
ptions
T ; - _ " o
porte Template file: [\model_for_ncod..| - | ;o | = IUURead from file: variable volume, line 0, field 0 |maSS | |vo|ume density*1e6 |E./ Q
Ports | | | |
R R KRR R AR A AR A AR AA AR A A AR A AR N ew... | =
Sandbox = MRS5S PROPR sandb
D R R R R R R R R R R R R R R R AR R A RR R AR R R AR R R R AR an oX
3 MSC.Patran 2019
4 File: D:\bg/db.db
Date: 07-Sep-20
5 Time: :
g SBcalar Properties:
Volume
&y 10 771.581543
11| Center of Grawvity 1 Coordinate Frame! Variables Respcnses Functions
Comg. Ref. Cartes. Frame {
X 1.105747 )
v o] density mass Abs =
Z volume chi
Variables + = ci
N | Port T Test val .
ame orts ype est value DiracDelta
volume | output | RealScalar 771.5815
Ei
Coordinate Frame: z
Frame (
Insert |
| (7] | | OK | | Cancel | | Apply
-:- | Hotkeys S
Output file
Temporary file without initial data; write to port :||| | -
| (2] | OK | | Cancel | | Apply

www.bias.com.tr
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Reading Stress

Configure: STRESS (Text)

Configuration
Options
Ports

Sandbox

Input file

‘ Read from port 'input’

ﬁ»a

cAD
fin] > S catia

Operations [ 3

v | | =

Template file: |\model_for_ncodewm_stress.rpt |

- oy
| & 2

3 MSC.Patran 25.0.6838960 Wed 1

Load Cad
Re=zul]

I 1Q set frame start: search for "Source ID", match 1 time

I 1@ Set frame start: search for "Max", match 1 time

I oo Read from file: variable max_stress, line 0, field 4

1 Variables + =
. Name 4« |Ports | Type Test value
16 -Sourece ID--Entity ID-—--Sub ID-——-- von Mises——{ || max_stress output | RealScalar 4327.9345
17 Min: 1 1287 ] 0.007003
gy 18 Max: 1 40448 0 4327.934570
- L] L3
-:- | Hotkeys
Output file
‘Ten'p-:-rar}f file without initial data; write to port 'output || | —
‘ (7] | oK | | Cancel | | Apply

FEAM
Text

|

IACRO

FEA ANALYSIS
Program

=)

e

VOLUME
— B

STRESS
Text

FATIGUE
Program

STRESS
Text

> ™ MAss
i Formula

LIFETIME
— B
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Lifetime Calculation

FATIGUE
Program

Configure: LIFETIME (Text)

LIFETIME
Text

— &

Configuration
Options
Ports

Sandbox

Operations

L

(m]

> Y | |

X

Input file
| Read from port 'input’ ||_|
Template file: |\model_for_ncode\db_out.csv | | »s o | =

3 Material Group, Property ID,Materizl ID, Damage,Me=

1 én tn

| entities,1,1,2.682E-5,0.

yMaterialGroup, PropercyId, Materialld, Damage, Mean
lepeats
1g, huge, huge , doukle, double, double, double, doukble

0.2753,0,-2.449,3.729E4
entities,1,1,2.574E-5,0.2178,0,-4.541,3,585E4
.ties,1,1,2.471E-5,0,2801,0,0.0412,4.047E4
entities,1,1,2.411E-5,0.09201,0,-0.6072,4.145E4
entities,1,1,2.325E-5,0.1581,0,0.5332,4.301E4
.ties,1,1,2.279E-5,0.15994,0,3.376,4.388E4
entities,1,1,2.182E-5,0.1102,0,-5.232,4.582E4

1% ties,1,1,2.052E-5,0.2068,0,-2.738,4.874E4

.ties,1,1,2.024E-5,0.09496,0,0.229,4.94E4
4 »

Hotkeys

*

I 1Q set frame start: search for "Bottom”, match 1 time

I oo Read from file: variable critical_life, line 0, field 10

Variables

4_

Name

Ports Test value

Type

Output file

Temporary file without initial data; write to port 'output || |

critical_life

Realscalar 37290.0

output

OK H Cancel H Apply

B $:IMACRD
|

cAD
fin] > S catia

e

N B VOLUME > ™ Mass

FEA ANALYSIS
— 3 Ton | Pt

Program

STRESS
Text

FATIGUE
Program

LIFETIME
— B

Fatigue analysis is performed using
the outputs of the Nastran solver.
Result output is taken from nCode
software in .csv format.

The critical lifetime value is read from

the .csv file.
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Design of Experiment

» DOE
Design space e...

h ANALYSIS
Composite

Configure: DOE {Design space exploration)

E] Technigue: | Latin hypercube sampling

Options: | All options are default. | | |

Variables -+ | =
Name Type Size | Lower bound Upper bound Levels Hints

thickness Continuous 1 1.0 3.0

a Continuous 1 50.0 75.0

b Continuous 1 10.0 17.0

C Continuous 1 20.0 45.0

e Continuous 1 20.0 45.0

d Continuous 1 Constant  Value: 17

f Continuous 1 Constant  Walue: 19

g Continuous 1 Constant  Value: 17

Exploration budget: | Auto |' ‘ Study target: | Auto E‘ Hints: |

Responses +
Name Type Size | Lower bound Upper bound Hints

mass Evaluation 1

max_stress Evaluation 1

critical_life Evaluation 1
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Design of Experiment

11004 ' ®® mass vs. max_stress|

1000

max_stress
= |
g
L
L ]
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—
-

mass
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Y |l critica. L V| e Y |[v] mass S|/ maxs. LY [/ thickn. S Y
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Design of Experiment

Errors scatter plot

Feature importance — 1x (igeal) Y/
100 1.08x (50% of points inside) V.
0.97 P ——— —— 1.2x% (90% of points inside) y/
. sole effect 1050J| —— 1.31x (99% of points inside) 7 -
. . —— 1.32x (all points inside)
B interactions -
0.8 . 1000 -
950
0.7 1 900+
850
0.6 800
7504
0.5 3
- ]
) > 700
]
g
3 650
[T}
0.4 - o
600
550
0.3 1
500 -
450
0.2 -
400
0.1+ : : 350
300
04 _ — — 250
: | T T | 300 400 500 600 700 800 900 1000
a b C e thickness Predicted value




Optimization

Configure: DOE (CSVParser) o X
Configuration Inputitile
File: ‘ data_for_ncode\doe_results_45.csv || - Load | Configure: OPTIMIZATION (Design space exploration)
Options —
port Import Field delimiter E] Technigue: | Surrogate-based optimization Options: | All options are default. | | |
orts —
- Import rows: E ||| ® comma Variables + | | =
Saacox () semicolon - - DOE
Import columns: | : | ~ Tab Name Type Size  Lower bound Upper bound Levels Hints CSVParser
() Ta
- [« = a Continuous 1 50.0 75.0
Preview rows count: 10 )
B | B ) S b Continuous | 1 10,0 17.0
|vw| Parse first row as header () Other: | c Continuous 1 20.0 45.0
e Continuous 1 20.0 45.0
Decimal separator Other options thickness Continuous 1 1.0 3.0 %, . OPTIMIZATION
] ] ***" Design spacee...
(@) Point Escape character: | \ |
() Comma Eiltar
Comment character: | # | B
Preview Exploration budget: | Auto |'| Study target: | Auto E| Hints: | | | =+ |
= = = ANALYSIS
a b c e thickness mass max_stress critical_life Responses =+ | | = Composite
55.2500 12,7300 28.2500 39.2500 1.2600 5.5242 762.1259 1.0000e-10 Name Type Size e beand Upper bound Hints
52.7500 13.0100 22.2500 43.2500 2.7000 11.5795 390.7308 182600.0
mass Minimization |1
56.7500 12,4500 28,7500 29.2500 1.1800 4.9860 10538.3519 1.0000e-10 p
max_stress Constraint 1 550.0
69.7500 16.5100 23.7500 41.2500 2.2200 10.3255 489.06606 206800.0 - .
critical_life Constraint 1 40000.0
50.2500 14.8300 308.2500 28.7500 2.6200 11.2267 387.8684 192800.0
54.2500 15.2500 31.7500 44.7500 2.5400 11.5400 404.0050 150500.0
50.7500 11.0500 34,7500 36.2500 2.7400 10.5892 356.9860 254800.0 Filter...
65.2500 11.1900 44,2500 40.2500 1.2200 5.3811 965.6518 13340.0 —
60.2500 11,6100 30.7500 38.2500 1.6600 6.6692 739.2115 28800.0 | 12 | | A | | e | | (RS ] R s &3 ‘ | e ‘ | Apply

o

OK || Cancel || Apply |

www.bias.com.tr
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Optimization

2500

max_stress

2000

1500

1000

500 <

@ ® mass vs. max_stress

13 14 15

critical life

250000

200000 +

150000

100000

o ®® massvs, critical_life

L]
L
L]
L]
T
10
mass
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Conclusions

The bumper CAD file has been parameterized.

Both the structural and fatigue analysis process have been automated.
Integration of statistical tools into the design process was ensured.

DoE and Optimization studies were carried out in line with the design criteria.

The required dimensional values have been obtained for a bumper design that is both light,

strength and long-lifetime.
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