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This A3 intends to provide a guide to deci-
sion Making once an optimization has been
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1. When an optimization has been run in
MOodeFRONTIER, it presents all the itera-
tions with its design parameters in a de-
sign table.

From this table one can range the small-
est to largest and mark the designs that
Falls within an acceptable range regarding
one of the two goals. This is done by high-
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enough. Right click in the highlighted Field
and click: mark designs->mark selected.
The chosen designs should now be ticked
ofF. In this particular case displacement
was chosen as the limiting Factor for es-
Eimating the best design.
2. A. The next step is: Assessment->0pen
MCDM panel. Here the variables and goals
are displayed in a list in MCDM attributes.
Check the boxes regarding goal param-

D
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[ SIMPLE... 1.7200E1  1.0000E-1 6.1000E0  1.8500E1 1.6700E1 1.6000E1  1.0000E-2[REEEISY]  1.4291E0 1.4291E0 1.6989E0  1.4201¢f
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eters and proceed. Desired range of the | ~&Mchuste Bounds [Wanua

! =
i LR

parameters can a|SO be SpQClFled Manu- L--'-E‘.r-ﬂCDrﬂDesigns.': B Mark Selected ~ FEd SetMaximize selected ~ ¥ SetLinear selected -

2 - — Attribute M Min Max Goal | Type

allg in the attributes. ki MCDM Algorithms ® | 5 lBai jomi biend T 100ET B100ET
@ Linear MCDM 1 |Flange_offset 1.0000E-2 2.9600E0

& Sanicing 2 A 2 |Flange_thickness 6.0000ED 7.0000ED

i 3 |Front_bushing_blend 1.8000E1 2.2000E1

i Hurwicz MADM 4  |Hydrobushing_blend 1.6000E1 1.8000E1

@ Savage MADM 5  [Swing_arm_flange_thickness 1.2000E1 1.6000E1

§ | Thickness_main_plate 1.0000E-2 1.0000ED

]

g |mass v 1.3500E0 o 1.4800E0
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2. B. Choose the tab called MCDM designs @ wcousewe:
in the left top corner. Here the designs  wrmers

IS presented in both a table and a paral-
lel chart. It is possible to slide the green
numbers on the chart to isolate the de-
signs within a given range. This chart is
mainly to see which designs that are re-
lated to each other:

3. From here one is given the choice be-
tween different algorithms and prefer-
ences regarding these. The linear MCDM
seems to give the best results in this
particular example. Click create MCDM.

M2 Disp mass

= Linear MCDM
Linear Search Algorithm for MCOM. It helps the research of a reasonable solution among a set of available ones. Main features are :

1) Respects all the attributes relationships
2) Respects all the designs relationships
ki MCDW Algorithms @ 3) Generates a ranking list of solutions
{? Linear MCDOM 4} |s very precise and fast with few attributes
e 5) Does not allow the use of more than 4 attributes

@ GAMCDM
@ Hurwicz MADM 3 = Parameters

Training Cycles [D.2B]_28
i Savage MADM 10.0.4.011.0

Preference Margin
Indifference Margin [D.EI_,1.I:I] 0.01

2 suplight
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4. A. ModeFRONTIER now creates results

under MCDM utilities. The attributes tab ICDM Utiities

shows information regarding the setup. TS e

The most interesting is the designs tab U=0csions

g5 Algorithm

that contains designs in ranked order:

4. B. This can be exported to the mode- D |
FRONTIER desktop by right clicking MCDM i ‘@
UCIliEy(LN_O in this case) and choose

| T

= H 0.1
4. C. These tables is now located in de-
- ot L
sign space tab->desktop tab. b}
-0.1
— ERE:
0] MAXDisp mass Rank Value =
t135 17009E0]  1.41B0DED 0.220 5 0z
130 17010E0|  1.4204E0 0.296
241 17015E0| 1.4211E0 0.289 3
126 16984E0| 1.4218E0 0.282
118 17001E0|  1.4219E0 0.281 05
239 17003E0|  1.4221E0 0.279
124 16962E0|  1.4232E0 0.268 o8
234 16981E0|  1.4238E0 0.262
111 16916E0|  1.4242E0 0.253 07
214 16953E0) 1.4250E0 0.250
292 17029E0) 1.4255E0 0.245 05
233 16996E0|  1.4268E0 0.232
;?2 ::ESE;EE ::i;gggg g;gf -0-9135 112 141 132 227 112 256 4174 216 267 2632 96 455 157 154 497 151 91 MéXDisp g
231 16937E0)  1.4277ED 0.223 Pl
211 1.6939E0|  1.4284E0 0.216 4B
227 16942E0| 1.4287E0 0.213
168 16989E0| 1.4291ED 0.200
218 16975E0)  1.4295E0 0.205 CDM Utilities
165 16975E0|  1.4295E0 0.205 -v.
113 16889E0|  1.4296E0 0.204 “‘F Rename
290 17004E0  1.4301E0 0.199 't Delete
121 16885E0) 1.4305E0 0.195 el
208 1.7033E0|  1.4323E0 0.177 = | =
Sgg 1?33258 1133;58 gjg? Wcam Ranking EE‘Wnrkﬁnw @Run Logs Designs Space
286 16977E0|  1.4340E0 0.160

Medm Utility Summary %, Explorer Desktop | {2 Create MCDM

[
107 16886E0 1.4355ED 0.145 === b A\ \
171 1.6072E0) 1.4371ED 0.120 X"
'\.
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5. In the design desktop it is possible to
generate a pareto curve by creating 3
scatter plot of goals. This is done by click-
ing scatter plot under tables and chart

and then select what to display on X and Y
axes, as shown to the right. Right clicking
the scatter plot gives an option to mark
pareto designs(if they exist). Right click:
mark designs->mark pareto designs->only
real. Here the best designs can be identified
visually and marked manually to identify the
best results.

“UGS Eﬂ wode FRONTIER
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atter Chart Creation [&J
Table Selected Designs Table -
Show Constant
] Input Variables | | B Output Variableg. 2 Constraints B Transfer Variabl...
Ball_joint_blend MAXDisp isp_limit
Flange_offset mass
Flange_thickness
Front_bushing_blem
Hydrabushing_blenc
Swing_arm_flange_1
Thickness_main_pl:
[«] | ¢
| Ok | | Apply | | Cancel
r . .
¢ Limater
i
I
I
.Y |
-':.!:._
1.4 %
I
5 '
I
o I
3 I
§1 3 3
= I
[ §
I
[ |
1.2 '
[ §
I
I
I
I:
1.1 3
1
I
I
I
1.0 I
1.5 1.6 1.7 1.8 1.9 2.0 21 2.2 2.3 2.4
min_disp
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Scatter Mattik - Ball_jaint_blend, Flange offset Flanda thickness, Frant_bushing_hlend” HFedrabnshing_blend: Swind s flange_thickne=ss" Thirkness

_main_plate; MAxDisp, mass an Desighs Tahle

6. In case parameter sensitivity is of interest, this =
can be created by the scatter matrix chart under W

Flange_offset Flange_thickness Front_bushing_ble Hydrobushing_blend){Swing_arm_flange. .. hickness_main_p... MAXDisp mass

statistics chart. These tools is located in the left

bottom corner of the modeFRONTIER desktop.(re-

member to be located in:design space tab->desk-

top tab) Choose all the input and output variables. E ﬁ
Click ok and the matrix scatter to the right ap-
pears. This shows the correlation between param-
eters and goals. The Four most important param-
eters is highlighted and shows by a strong color
and correlation value, the impact each parameter
has on the goal. As one can see the parameters
has almost an opposite effect on the conflicting
goals as one would expect. This can be used to
identify parameters that can be excluded From
optimizations to save time. As an example in this

case one can see that Flange_offset has a great

impact on MAXDisp and the same parameter has

Flange_thickness 0.165 0.367

Hydrobushing_blend 0.281 0,247

almost exactly the opposite effect on mass. E ores
MAXDisp 0.022 0.056 0.06:
Scatter Matrix Chart Creation &
Table Selected Designs Table -
Show Constant mass 0037 0.008 ALE)
1 Input Variables || & Output Variables M Objectives %% Constraints ¥ Transfer Variabl...
Disp_limit
Mass_limit
i [ |
4 T b ;’ \
Use Categories ))‘\
)
| Ok | | Apply | | Cancel
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In case the MCDM utility does

not work satlsFactorg or 7
MOodeFRONTIER is unable to
H _ CATEGORY all_join..| % Flange_...|%a Flange_t.. % Front_bu..| % Hydrobu... %@ Swing_a..| % Thickne... i mass min_wei.. 3% Disp_limit a* Mass_li
mark pareto dQSIgﬂS auto 20 SIMPLE.. | 1.7400E1| 4.0000E-2] 6.6000E0| 2.1400E4 1F'TEIEIE1 15600E1| 4.4000E4| 1.6906E0  1.451 1.4514E0[ 1.6906E0/ 1.
: e _ [El sMPLE..| 17200E1| 2.2000E-1] 7.0000E0] 1.8200E1| 1. 1| 1.6000E1] 1.0000E0[ 1.6916EQ 1.4242E0) 169160
matlcallg, IC is of course POS 96 SIMPLE.. | 1.8000E1| 8.5000E-1 6.2000E0 500E1] 1. 1| 1.5900E1| 33000E-4|  1.6917E0 . 1.6917ED
sible to do the process man- ; SIMPLE... | 1.7900E1| 1.4000E-1]  6.3000E0 00E1|  1.7700E1| 1.6000E1| 46000E-1| 1. - 1.
i 167 SIMPLE.. | 1.7400E1] 1.7000E-1| 6.2000E0 00E1| 1.6300E1] 15800E1| 32.0000E-2] 1. 1.420¢ 430! 1.
ual. One of the ways of doing - SIMPLE.. | 1.7700E1] 4.0000E-2| 6.3000E0] 1.9000E1] 1.7100E1| 1.6000E1| 5.0000E-1 1
. . . - - SIMPLE.. | 1.7600E1| 7.0000E-2| 6.3000E0| 1.9300E1] 1.6900E1| 1.6000E1| 4.4000E-1 1
that is described in detail in SIMPLE.. | 1.7700E1 padooge ol aononeal o cooon | 17200E1| 160001 5.0000E-1) 1. : : 1
the FoIIowing SIMPLE... 1.7900E1| alRsll Crl+X 1.8000E1|  41.6000E4 ODOE-1 - 14514E0]  1.4514E0 1.
' 21 SIMPLE... | 1.7600E1] [E= e CHrl+C 17000E1 1.6000E1| 3.8000E-1] 1.6953 1.4250E0 _ 1.4250E0 1
SIMPLE... | 1.7200E1] ™ 17300E1| 1.6000E1| 9.6000E-1 - . 42: 1
. SMPLE. | 1750051 LEBLGES L 1.63 15700E1|  3.0000E-2 1.
7. First one would have to SIMPLE... | 1.7600E1 Rt BRGIE L Delete 17700E1| 1.6000E1| 7.3000E-1] 1.5¢ 426! 1.6¢
. . SIMPLE.. | 1.7500E1 16100E1| 15800E1| 1.0000E-2 1.697: 1.437- 14 1.-
rank the displacement in de- : SIMPLE... | 1.7400E1| EENECEELILTeLILIE 1.6400E1| 1.6000E1| 1.0000E-2  1.6975 14295E0] 1.4295E0 1.
: - SIMPLE.. | 1.7600E1 17700E1| 1.6000E1] 4.2000E-1 1.607: 14205E0| 1.4205E0 1.
Order Columns
SCQQdIﬂg order from lowest SIMPLE.. | 1.7900E1 ﬁﬁ, 1.7900E1|  15000E1| 4.9000E-1] 16977 1.4340E0 1
to highest. Then one would ST MRS == Format Columns : 15500E1]  1.0000E-1] - : 1. 1
) : SIMPLE.. | 1.7700E1 _ 1. 16000E1| 5.3000E-1 1
have to mark the Feasible - - BERZT 5] ® Create RobustDesign 1. 1| 1.6000E1] 094000E1| 1. . : 1
. - SIMPLE.. | 1.7600E1 - 1| 15900E1] 8.8000E-1 1. 14268 1.4268E0] 1
design that meets the re- : SIMPLE... | 1.7200E1] LRSIt : 16000E1] 1.0000E-2  1.698! 14291E0) 1.

: : : SIMPLE.. | 1.7600E1 . , 1.4268E0  1.6996E0
qwrements. nght click and SIMPLE.. | 1.7300E1 Select ot New ThE : ' 1.4602E0  1.7000E0
choose create table and only - SRR AN 1 Mark Designs Name |Best designs 1421980 _1.70010

: ) SIMPLE.. | 1.8100E- . 17003
Kkeep marked ticked in the SIMPLE.. | 1.7700E1 S rheri desione information 1.4221E0]  1.7003E0
. SIMPLE... 1.8000E1 Edit Designs Type (Real or Virtual) 1.4301E0|  1.7004ED
next dialog box. ; SIMPLE. | 17500E1 F Category 2418060 170090

Create Table Marked 1. 42[|4E[| 1.7010ED

) y 1.7015ED
SIMPLE . EIE BB A [] Freeze Transfer Variables, Objectives and Constraints 1437F 17021ED

SIMPLE... i 1.7027ED
. Find Ok ] [ Cancel =

SIMPLE... ) . 1.7029ED
SIMPLE... 1.7500E1 = Edit Table PrU B rties = 1 T B | T | P T T =] Tt L) 1.4323 1.7033ED
SIMPLE... 1.7400E1 1. [I 000E-2 6.9000ED 2 0400E1 1.6600E1 1.5100E1  41000E-1 1.7053ED 1.4396E0 1.4396 1.7053E0

SIMFLE... 1.7700E1  4.0000E-2] 6.2000ED 1.9000E1 1.7200E1 1.6000E1]  5.2000E-1 1.7055E0 1.4154E0 1 4 154E0 1.7055ED

SIMPLE... 1.7400E1
SIMPLE... 1.7700E1

(i TR @ﬁﬁ%
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8. The next step is to identi-

Fy the best design manually in ieuesson e 2y
the generated table by consid- HAE B F -
ering displacement and mass. Tabies

| men Sam T S e e e e S
This can be visualized better | | | | | | |

B

by creating @ X - Y scatter ) & & AL 1.52 B e 54 e e e
of the selected designs. This
is done by creating a scatter . A B s I I
plot containing the designs i [/ ) . — S 82 S N R S R R
From the new table. This scat-
ter resembles the method (1] E— e e e R .

already shown on a previous

slide, but this one is narrowed ol £ i A48 """"""""""""" """"""""""""" """"""""""""" I S

down to contain only =Tl S50 (N SN NN N NN D2 R N "N R
designs that is within ~ | RSl Chats =
a Certain range- CliCH_ ‘Table:rele:ted :easlj:esigns - 146 ------------------------- ’ ------------------------- ------------------------- .. ------------------------- " ---------------------- -------------------------

ing on the desired de- ; ; ; ; ; ;
. T Input Variables || Ch Output Variables A Objectives =& Constraints || %1 Transfer Variabl... N o o N o o e W o S
sign shows the value Bailjoint_olend min_weignt Disp_imit 145
. . . Flange_offset mass [Y] Mass_limit : : : : : : : : :
and id. This makes it

Front_bushing_klen 1 44

possible to locate the

Swing_arm_flange_{

deSIQn In the table Thickness_main_plz

S g s upugs g o SRR NS Y OE oy Loy - Mgl

1-43 ......................................................................................................................................................................................................................................................
Ok | | Apply | Cancel | [| Ao ------------------------- ------------------------- ------------------------- -------- ID = 135- --------------------
1.4180 i i i i i 5 5 i i
141 = ; ; ; = : ; ; ;
1.61 1.62 1.63 1.64 1.65 1.66 1.67 1.68 1.69 1.7009
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