¢)) WorldAutoSteel

Design Advisor Workshop

Donald E Malen
University of Michigan

WorldAutoSteel Workshop
Donald E Malen, dmalen@umich.edu

5/17/2013



Design Advisor

Design Advisor- Excel Workbook to support material selection decisions

| = e

Component
benchmarking
and scaling

mass =

Secondary
Cost

Graphic Dash
Board GHG

Sensitivity
Analysis

WorldAutoSteel Workshop
Donald E Malen, dmalen@umich.edu

5/17/2013



Advising a Material Selection Decision

Material selection decisions often occur early in the design process
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GHG

component

-component mass
-material
-manufacturing

cost
° mass

vehicle

-Length, Width
-passengers, cargo
-Powertrain type
-Fuel type

Design Advisor — Purpose

* Multiple Metrics

Mass including subsystem resizing
Cost

Life Cycle GHG

» Use information available during preliminary design
<5 pieces of info about each component
<7 pieces of info about vehicle

Parameters for models are pre-loaded

* Very quick analysis time
<5 minutes data entry
<30 seconds for computations

» Accuracy sufficient for A-B comparison
Uses rigorous analytical models

» Graphic display to promote What-if studies and
understanding of trade-offs
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Design Advisor Workshop - Objectives

1. Gain ability to use Design Advisor
2. Understand the models used and their limitations

3. Examine some trade-offs in material selection

WorldAutoSteel Workshop
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Design Advisor Workshop - Agenda

4. Cost estimation

1. Intro & guided
case study

3 Secondary Mass estimation

2 Vehicle mass estimation

8:30

Break
for

lunch 5. Powertrain sizing

6. LCA & Sensitivity study

3:00
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Design Advisor
Workshop

Session 1

Guided Case Study
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Design Advisor Workshop Files

> . 00_Session Notes
P ] 01_DesignAdvisorVa_0.xls
_ﬁ_} 02_Design Advisor_v4_User Guide.pdf
@ 03_Case Studies_HANDOUT.pdf
4] 04_advanced material BOM FOR CASE 5.xls
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Careful

Design Advisor is written in Excel 97-2003 format (.xls).
It contains macros which must be enabled.
If you are using Excel 2007 or later, you must be careful to:

1. Enable MACROS
2. Save to the correct format.

AVING AS AN .XLSX or . XLSM FORMAT WILL
PREVENT THE MACROS FROM FUNCTIONING

WorldAutoSteel Workshop
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To open the Design Advisor and enable macro content

Double click on Design Advisor Excel file icon.

After Design Advisor opens in Excel, you should see a message at the
center top of the screen:

[ Security Warning Some active content has been disabled J

Select Options, then select Enable this content

WorldAutoSteel Workshop
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To save your work while in Excel

Method 1
Use Save, and make sure the format is .xIs (this will keep the same file name)

Method 2
Use Save As, and make sure the format is Excel 97-2003 Workbook (.xIs). You
can change the name using this method.

WorldAutoSteel Workshop
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Case Study 1

Component: Seat Frame

Original
Component

Steel

Stamped

17 kg total seat mass
10 kg frame mass

Competitor
Component

Magnesium,

High pressure die cast
13 kg total seat mass
6 kg frame mass

Vehicle Parameters

Sedan/Hatchback

5 passenger

100 kg cargo

OAL=4.7 m

OAW=1.8 m

New architecture

Internal Combustion-gasoline

Powertrain is fixed and will not change
6.8 liter/100 km (HYZEM schedule)

Life time range =155,000 km
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Sn
J—— Component an assembly

.,K;- " Part metallic/composite part or weldment within the component
-

Original component and part

6
Wi

Competitor component and part

e

b -

)

/.

4
o Nominal vehicle
vehicle defined by the user with original component

o) Resized vehicle

nominal vehicle with subsystems resized for competitor component

Mass/Cost/CO,
u Changes for Part (Primary Changes)
o g; Changes for Vehicle including resizing subsystems

WorldAutoSteel Workshop
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Design Advisor Solution Map

e)) WorldAutoSteel

Sensitivity
analysis

Component Resize Compare
technology nominal vehicle vehicles

for component
change

1-Define 3a-Input 3-Resize 4-Vehicle Vehicle mass 5-
nominal component nominal comparison  savings Sensitivity
vehicle and part data vehicle for summary analysis
competitor
component
&3 * * @3 w Cost for part ~ Cost savings @:I
for resized )
subsystems
2-Size 3b-Scale
powertrain for ~component for
nominal nominal

vehicle v Environment
impact
@ Material Use Recycle
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Overview of Design Advisor — Protection

«)) Warld AutaSteel

The purpose of the Design Advisor is to assess the impact on the overall vehicle system of a change to a
component. Several metrics are calculated in the areas of mass reduction, change in cost, and environmental
impact.

The user is stepped through the process of building two vehicles; a nominal vehicle with the original component,
and a resized vehicle with the competitor component. The performance of these two vehicles is then compared.

The user can use the Solufion Map sheet to move through building process from left to right by clicking on the
numbered icons, inputting data. then using the Te Solution iap button found on each sheet. An alternative method
is to use the navigation icons at the top of each screen

o) World AutoStesd
fo previous step Help with current sheet
to Solution Map to next step

The Results and Sensitivity sheet displays a comparison of the nominal and resized vehicles using several metrics
(mass, cost, CO2). A sensitivtity study may be run by varying several key parameters.

The intent of the Design Advisor is to provide early guidance in whether to pursue the component technology. The
metrics are necessarily approximate and use First Order Analysis, FOA | to make the estimates. If a decision is
made to proceed with the technology. follow-up calculations with more precise analysis tools should be used.

Conventions have been adapted to display information: Color Coding of cells and numbers

Fields marked in light blue indicate information input by the user

MNumbers in orange indicate values calculated in a prior step and carried over for reference.

Optional information: The variables and the sheet on which they are introduced are listed under the tab Variable
Map .

Protection OM

o] o

Spreadsheets are protected to avoid
accidental changing of cells.
Normally leave Protection ON

WorldAutoSteel Workshop
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Design Advisor Solution Map

Component
technology

3a-Input
nominal component
vehicle and part data
Ay I ¢
2-Size 3b-Scale
powertrain for ~component for
nominal nominal

vehicle v
o 3

e)) WorldAutoSteel

Resize
nominal vehicle

for component
change

3-Resize 4-Vehicle Vehicle mass
nominal comparison  savings
vehicle for summary

competitor

component

@ %’_ﬂ Cost for part

Environment
impact

Material

Cost savings
for resized
subsystems

Use

Recycle

Sensitivity
analysis

5-
Sensitivity
analysis

G
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Overview of Design Advisor

Vehicle Size: Owerall length (m)

blue fields

Select vehicle type:

Number of Passengers

| Sedan/Hatchback

[

— Nominal Vehicle

o)) WarldAutoSteel

Pz

navigation
back, map, next

Input subsysterm mat

Re=et material fractions to defaults |

hicl

Help for

low

indicate input  hice | [y s each sheet
pe= 2 ® H

JUFSFSUETTT olser § 5 E E
IMass Defined | Mominal Rt - o A
Fraction of  enter | Vehicle &d B e Matenz T E § % % BT T & %
Subsystem Curb Mass  mass Mass o 2 & 8 % composition : 5 % 8 = = g T 5 06 o
4® Body Non-structure ).204 292 89 T 015 010 003 0.03 000 0.00 0,00 000 005 D00 000 0.00 025 035 000 000 O
& Body Structure 32591 N | o0 0o 000 000 000 000 0.00 0.00 0.00 000 0.00 000 0.00 000 000 000 0.
L Front Suspension f0.35 T — 0.20 030 000 0.20 0.00 0.00 0.5 0.00 010 000 0.00 0.00 0.00 000 000 0.00 0
-\:‘ Rear Suspension 6317 T 060 010 000 000 0.00 000 045 0,00 010 000 000 0.00 0.00 000 000 0.00 O
- Braking 4594 I | cov oo 000 000 000 000 050 0.00 0.00 D00 0.00 000 000 D00 000 000 0
L4 Powertrain 265.61 I A5 030 000 0.00 000 00 030 005 05 000 000 0.00 0.00 00F 000 0.00 0
e Fuel & Exhaust 5743 D | os o000 000 000 000 045 0,00 000 0.00 000 000 0.00 0.00 000 000 000 0
= Steering 2010 i M) 040 065 000 000 000 000 020 000 000 000 000 000 000 000 000 000 o
9 Tires & Wheels 93.32 ] 000 050 000 000 000 000 000 000 000 D00 00 000 000 000 000 000 o
o Electrical 66.04 0.00 000 000 0.00 0.00 000 000 0.00 0.00 100 000 0.00 0.00 000 000 0.00 0
- Cooling 3877 0.00 000 000 0.00 0.00 000 .00 040 0.00 000 0.00 0.00 0.00 0E0 000 0.00 0
¢ Bumpers 31.59 A 030 000 000 0.00 0.00 GO0 MO0 0.00 0.00 000 000 0.00 (.00 020 000 000 0
Closures 64 61 T 055 005 005 0.00 000 000 000 0.00 0.00 000 0.00 0.00 020 040 000 000 0
Battery (electric car)  0.001 0.00 000 0.00 000 0.00 0.00 D00 000 0.00 0.00 0.00 0.00 0.00 0.00 000 000 0.00 0
Vehicle Curb Mass (kg)| 1435.75 B rerous i 0 EE 40 23 65 &6 0 0 3/ k2 0 0 o
Fassenger mass (kg)| 340.19 Ak 0.02 .05 0.05 0.00 0.00 006 O 0.00 0.00 O
Cargo Mass (kg)|  100.00 Copper tatals far groupa-mass kg a .00 5

Gross Vehicle Mass (kg)| 1875.94 Kagnesium katalz Far groupe-fraction | 0B 007 000
Test Wefghi=Gurb+ﬁ-‘-’o Dassengers beJI 3465.26 Glass Ferrougs  Aluminum Magnezium Falyrg

Plastic
Other
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Overview of Design Advisor — Nominal Vehicle

.} WorldAutoSteel

Select vehicle type: I

Vehicle Size: Owerall length (m)
Number of Passengers

Cargo Mass (kg)

Std. dev. below average curb mass

Sedan/Hatchback =]

I 4700l width (m) 1.BUU<‘
5.

100.00
0

Vehicle mass defined by footprint area or by
user defined subsystem mass

oW

material racion= 10 gelad uits I

Mass adjusted

for powertrain type=
Subsystem  User

type Mass
Fraction of  enter
Subsystem Curb Mass  mass

4® Body Non-structure
& Body Structure
: Front Suspension
4L Rear Suspension
: Braking
| Powertrain
Fuel & Exhaust
- Steering
Tires & Wheels
w Electrical
Cooling
- Bumpers
Closures
Battery (electric car) 10 j

' Vehicle Curb Mass (kg

Fassenger mass (kg)

Cargo Mass (kg)

Gross Vehicle Mass (kg)

Test Weight=Curb+two passengers (Lb)

T

Powertrain f_'l‘Pe‘l Internal Combustion-gasoline ;l

Vehicle m

Defined | Mominal

Vehicle
Mass
292.89

325.91|
70.35]
63.17]

45.94
265.61

57 43|

2010

93.32|
5604

38.77

31.59|

64 61

~ 0.00|

1435 75
340.19

100.00)
1875.94|

3465.26

£ ks : e
i g .g & e | 3 m
E 5 & o 3 | E &)
e E o _ﬁ g (5] EIE
§ éf 5 5 E E E 2 =
L TR P !
i it e = = 0§ . c 8 = oo 8
arE a s Matenal § % = E E 8 B Bim & ¥ K
=== 2 E 1 I % F ﬁ‘ S NE e 0 0 SR W o Lo =
— © @ = composition RS EiTES BN = 2 o = =S o o O o
¥ . 015 010 .00 1 00 000 005 000 000 000 025 000 000 0
1,00 oo o 100 0,00
14 1 0 &6 M0 23 &5 66 o 0 a3
Ferrous m g e i
Aluminum O40 045 o0f 00 000 0. D.:I'Q 002 005 005 0.00 000 0 00 0.00 10,
Copper tatals For groups-mass kg 863 an E
Magnesium kokals For greups-frackion | .&.6] 0.7
Glags Ferrouz Aluminum Falyn
Plastic
Other

Subsystem material composition is
preloaded but may be changed
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Design Advisor Solution Map

e)) WorldAutoSteel

Sensitivity
analysis

Resize
nominal vehicle

Component
technology

1-Define
nominal
vehicle

s

2-Size
powertrain for
nominal

vehicle

e

3a-Input
component
and part data

PAG ¢

3b-Scale
component for
nominal

X

for component
change

3-Resize
nominal
vehicle for
competitor
component

&S

4-Vehicle
comparison
summary

s S

Vehicle mass
savings

Cost for part

Environment
impact

Material

Cost savings
for resized
subsystems

Use

5-
Sensitivity
analysis

G

Recycle
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Overview of Design Advisor — Size Powertrain

o)) WorldAutoSteel

=
Select life time range g L-Tefr'meraﬁge{km_]l 155000_|

Euel fype.l Gasoline j

Fowertrain Technology Selected

Select driving schedule % Driving schedule| HYZEM E Select compatible fuel

Fuel consumption of nominal vehicle (1100 km)eg E.BD% Select fuel Consumption from graph

Leme bt bl (AT 00 km) 216.75

Fuel Consumption equivalent (I/100km) —&— ICE-G - NEDC (gas equivilent}

0 2 4 6 8 10 12 14 I+ ICE-G - HYZEM
| SUE U

800 t t t t t t
—i— ICE-D - NEDC (diesel equivilent)

—=— |CE-D - HYZEM
A Class
1200 A
<&
Compact S RN

—#— [CE-D - US Combined
C Class

&— HEV-G - NEDC (gas equivilent)
[m] #— HEV-G - HYZEM
4 \ ] #— HEV-G - US Combined
FC\ - NEDC (gas equivilent)
& \K

* FCV - HYZEM
FCV - US Combined

BEV - NEDC (ga= equivilent)
—&— BEV - HYZEM

—— BEV - US Combined

—r— PHEW20 - NEDC ({gas equivilent)
—0O— PHEWV20 - HYZEM

—&— PHEV20 - US Combined

1 ) A— PHEW40 - NEDC (gas equivilent)
#a 9 - o PHEVA40 - HYZEM

2400 -
PHEVAN - |1S Combined m

1600 1

e e OB

MidSize

Vehicle Weigit (kg)

2000 4

SUV
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Design Advisor Solution Map

e)) WorldAutoSteel

Sensitivity
analysis

Component W Resize
technology nominal vehicle

for component

change

1-Define 3a-Input 3-Resize 4-Vehicle Vehicle mass 5-
nominal component nominal comparison  savings Sensitivity
vehicle and part data vehicle for summary analysis
competitor
component
@ * @ %’E Cost for part Cost savings @:I
for resized e
subsystems
2-Size 3b-Scale
powertrain for ~component for
nominal nominal

vehicle v* Environment
impact
@ Material Use Recycle
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Overview of Design Advisor — Input

_';‘ ‘World AutoSteel

Units: Metric

m, km, kg, (liter/100km), MJ, kWhr

. Component Hame

Mass Driver for component
No mass driver

Component data
enier daia for a single conmponent

Fronk Seat Frame ;l

Component subsystem:

|Body Non-structure 1

original component

competitor component

mass of inial component (kg) 17 13
mass of part within compenent (kg) 10 B
parmaierial i Steel-Conventional ;' I Magnesium Cast &
par. primary shaping process I Steel Stamping :_| I NonFerrous Die Casting ;l
= Folded @ Shallow  © DeepDraw

Scale data
Mass driver for Nominal Viehicle
scaling exponent
scaled component mass
scaled part mass

Units per vehicle

Scaled mass of component sef
Scaled mass of part set

Donald E Malen, dmalen@umich.edu

Complexity
for
stampings

Confirmation that
material and process
are compatible

Steel-Conventional
Steel-AHSS
Steel-Hot Stamped
Steel-Stainless
Cast Iron
Aluminum Wrought
Aluminum Cast
Magnesium Wrought
Magnesium Cast
CFRP

GFRP

SMC

No mass driver

0

Steel Stamping

Steel Hot Stamping
Steel open roll form

Steel Forging
Iron Casting

Nonferrous Stamping

Steel TWB Stamping Nonferrous Extrusion
Nonferrous Die Casting

Nonferrous Forging

Steel Tube Hydroform ¢ nsite SMC

Composite Resin Transfer
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Design Advisor Solution Map

e)) WorldAutoSteel

Resize
nominal vehicle

Sensitivity
analysis

Component
technology

for component
change

1-Define 3a-Input 3-Resize 4-Vehicle Vehicle mass 5-
nominal component nominal comparison  savings Sensitivity
vehicle and part data vehicle for summary analysis
competitor
component
@ * * @ w Cost for part ~ Cost savings @:I
for resized )
subsystems
2-Size 3b-Scale
powertrain for  Eeelpleleli=IaI o]}
nominal nominal

vehicle vehﬁe Environment
impact

@ * Material Use Recycle
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Overview of Design Advisor — Resizing Component for Nominal Vehicle

Mazs driver for Nominal Viehicks 0
gcaling exponent 0.000

scaled componeni mass

scaled part mass

Linis per vehice
Scaled mass of component sef 2
Scaled mass of part set '

exponent for
resizing

ability to resize
component based
on mass driver

_;‘ ‘World AutoSteel
_ _ _ Mass driver
Units: Metric m, km, kg, (liter/100km), MJ, kWhr
changes
' Component Name | Front Seat Frame ;l Component subsystem: based on
' Body Non-stre component
Mass Driver for component selected
Mo mass driver W Ferrous
B Aluminum
Component data 16 1
enier daia for a single conmponent 14 - ‘0 >
original component competitor component 4
o fnéal ooe ont i z 2 *
mass of inial component (kg) 17 13 E 20 % 0t
8 ey E\ 0 # R X » .
mass of part within compenent (kg) 10 B E a8 .°. wetef *
£ E et °
par maerial i Steel-C —— ;‘ I " P—— ;j s 5 LA
eel-Conventiona agnesium Cas "
pari primary shaping process | Steel Stamping ;l I MonFerrous Die Casting ;l 2 4 %
a T T
= Folded @ Shallow  © DeepDraw o / 20 30
T Alg mass dnver
Scale data Benchmark plot 0
Enter same as above if unkown
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Design Advisor Solution Map

e)) WorldAutoSteel

Resize
nominal vehicle

Sensitivity
analysis

Component
technology

for component
change

1-Define 3a-Input 3-Resize 4-Vehicle Vehicle mass 5-
nominal component nominal comparison  savings Sensitivity
vehicle and part data vehicle for summary analysis
competitor
component
@ * * '...0‘ w Cost for part ~ Cost savings @:I
for resized )
subsystems
2-Size 3b-Scale
powertrain for ~component for
nominal nominal

vehicle v* Environment
impact
@ Material Use Recycle
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Overview of Design Advisor — Resize Nominal Vehicle

o)) WarldAutoSteel

Vehicle type:

Mass influence coefficient source | analytical

Resizing method € Simple
¢ Compounded

Source=
User
Subsystem Defined resize
Mass Enter sub-
Influence influence system
Subsystem Coefficient  coeff. 7
4™  Pody Non-structure
o Body Structure I 3 —|||
L1 Front Suspension v
£ Rear Suspension ¥
- Braking ¥
- Powertrain [
ng Fuel & Exhaust v
o Steering 2
] Tires & Wheels 2
=4 Electrical
Cooling v
Ce Bumpers 2
Closures
Battery (electric car) I
Sum inf. Coeff ass (kg)

sum must be <1

ass (kg)

Ability to not resize subsystem
Choose NOT to resize
powertrain

-

MNominal
Vehicle
Mass

Choose secondary
mass resizing method

mass change due to
component

o S

mass

change for
substution
of
competitor  Resized
component | Webi
set Mass
264.89 Z
32515 ;
7015
62.97
4565
265.61
57.35

SEE

300

mpounded i

100 200 400

20.04
93.15
66.04

component change
38.77

Each subsystem resized for

31.55
64.61
0.00
142598
34019
100.00
186617
977

--“[! | “ " 1 I “““

Mominal vehicle

Change due to component substitution
M Mass change due to resizing subsystems
M Resized vehicle

3443.74

Full Scree * >

Close Full Scree
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Design Advisor Solution Map

1-Define
nominal
vehicle

s

2-Size
powertrain for
nominal
vehicle

o0&

Component
technology

3a-Input
component
and part data

PAG ¢

3b-Scale
component for
nominal

X

e)) WorldAutoSteel

Resize
nominal vehicle

for component
change

3-Resize 4-Vehicle Vehicle mass
nominal comparison REEVAREE
vehicle for summary

competitor

component

Ak e

&S

Cost for part

Environment
impact

Material

Cost savings
for resized
subsystems

Use

Sensitivity
analysis

5-
Sensitivity
analysis

G

Recycle
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Overview of Design Advisor — Summary output

o)) WorldAutoSteel
5
values are :
rostindvabih: relative performance
relaive 1o reszed \ ey resized
nominal vehicle vehice “—p—J  vehide
worse < - beger
component mass -58.00 component i
subsystem mass -1.77 55 P i
total change -9.77 I—J S LJ
-2.617 23.83
product part cost 827 37 part =
cost subsystem cost -51.89
life time fuel savings -518.75 fuel ~ (¢
total 86.73 @ Mass change
-62.14 N
Marginal trade off ratios
LCA, part CO2 1146.85 part 40000
Material _subsystem CO2 -5.21 Life
LCA use -55.38 Cycle 20000
LCA recycle & -479.14  recycle ffq
total 07 12
0
nominal resized
Recycle -1752. 14 -2231.28
Use | 3019295 30137.57
s L ial production I 486830 6009 94
clicking takes stacked bar chart  |*®
9 . Total 33309.11 3916.23
user to next level shows cumulative
of detall effects Total LCA for each vehicle
|Qose Full Screer
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Overview of Design Advisor — Summary output - Graphs

product part cost E27.37 part
cost  subsystem cost -$1.89 ==
life time fuel savings = $18.75 fugl
total - $673
0
relative component cost $27.37 performance worse
for resized vehicle
relative subsystem cost -1.89 performance
for resized vehicle
relative fuel savings -$18.75 performance
for resized vehicle
net cost difference $25.48 worse net cost difference $6.73
for resized when only product cost worse for resized when fuel
is considered savings is considered
WorldAutoSteel Workshop
29
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Overview of Design Advisor—-Summary output Trade-off ratios

cost
reduction
for resized L .

A Origin: nominal
and resized
vehicle are same

/ mass
» reduction
& for resized
-2.61

T.0.R.= A product cost
A mass

+$27.37-$1.89=$25.48 increase in cost
for @ 9.77 kg mass reduction

T.0.R.=%$25.48 =-2.61$ spent
-9.77 kg kg reduced

guadrant where both metrics are better for resized vehicle relative to nominal

guadrant where both metrics are worse for resized vehicle

quadrant where one metric is better, one worse for resized vehicle
Trade-off ratio significant

WorldAutoSteel Workshop
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Overview of Design Advisor—-Summary output GHG LCA

40000
Life
Cycle
co o 20000

Kgeq

nominal resized
Recycle -1752. 14  -2231.28

Use I 3019295 3013757

Material production I 486830  6009.94 difference
Total 33309.11 33916.23 ‘607_12 worse for

resized vehicle
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Design Advisor Solution Map

e)) WorldAutoSteel

Resize
nominal vehicle

Sensitivity
analysis

Component
technology

for component
change

1-Define 3a-Input 3-Resize 4-Vehicle Vehicle mass 5-
nominal component nominal comparison  savings Sensitivity
vehicle and part data vehicle for summary analysis
competitor
component
@ * * @ w oL ia gl Cost savings @:I
for resized )
subsystems
2-Size 3b-Scale
powertrain for ~component for
nominal nominal

vehicle v* Environment
impact
@ Material Use Recycle
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Overview of Design Advisor

Fart mass (kg)
Matenal
Material cost (5/kg)

Component shaping process
Select batch size, nl 700, 0001

cosf per part
material
tooling
equipment

production volume
may be changed

C=f(m ¥Cm) {1 - Ctinj+1n" [CedL #ovo Jj+14'(Coh )
C= part cost (5)

m=part mass (kg)

Cm= material cost per unit mass (8'kg)
f=scrap fraction

Cit=shaping tool cost (8)

n=batch size (1ife time)

n'=rate of production for process (units/hr)
Ce=cost of equipment
L=equipment utilization fraction (100°
rwo=productive life of equipment (yry
Coh=overhead (8/hour) = 0 for thy

cost estimate based
on shaping process
only

Material and shaping

$23.65

1000000
100000 -
10000
1000 ~
100 ~

10

1 T T

cost per unit, C (F)

$37.33

1 100 10000
Batch size. n

reference plot

1000000 1E+08

— Component Cost

+)) WorldAutoSteel
.
per part for vehicie part set
$27.37

$13.68

Original part high

—— Qriginal part regress

Original part low
Competitor part high

Competitor part regresz

mpetitor part low

Tooling and equipment cost
based on selected process
and component mass
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Design Advisor Solution Map

e)) WorldAutoSteel

Resize
nominal vehicle

Sensitivity
analysis

Component
technology

for component
change

1-Define 3a-Input 3-Resize 4-Vehicle Vehicle mass 5-
nominal component nominal comparison  savings Sensitivity
vehicle and part data vehicle for summary analysis
competitor
component
@ * * @ w Cost for part KESEEWRIE @:I
for resized )
subsystems
2-Size 3b-Scale
powertrain for ~component for
nominal nominal

vehicle v* Environment
impact
@ Material Use Recycle
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User defined cost coefficients? [

Overview of Design Advisor — Cost savings for resized subsystems

+)) WorldAutoSteel

Skg Skg kg
Referen
Momin
Subsystem User Consider Cost: Resized Wehicl
Cost defined cost Resizing MNominal relative to Materig
Subsystem Coefficient coefficient Cost?  Wehicle Mass Vehicle Mass nominal (5] Cost
4= Body Mon-structure 0.000 868.
= Body Structure I 2 __l -0.655 277
! 1 Front Suspension 2 -0 251 89.
4, Rear Suspension M -0.230 73
o Braking L -0.195 30.
- Powertrain v 0.000 421,
. Fuel & Exhaust 3 -0.073 51
o Steering 3 -0.056 20.
= Tires & Wheels 2 -0.427 228
o Electrical 0.000 339.
Cooling W 0.000 117.
e Bumpers c2 0.000 7.
- Closures 0.000 131.
Battery (electric car) 0.000 0
tals -1.888 2727

Subsystem cost ability to include cost

change per kg based change or not include

on material cost

Full Scree ~ x

Close Full Screen
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Design Advisor Solution Map

e)) WorldAutoSteel

Resize
nominal vehicle

Sensitivity
analysis

Component

technology
for component

change

1-Define 3a-Input 3-Resize 4-Vehicle Vehicle mass 5-
nominal component nominal comparison  savings Sensitivity
vehicle and part data vehicle for summary analysis
competitor
component
@ * * @ w Cost for part ~ Cost savings @:I
for resized e
subsystems
2-Size 3b-Scale
powertrain for ~component for
nominal nominal
vehicle v Environment
impact
@ Material Use Recycle
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Overview of Design Advisor — LCA Material

o)) WorldAutoSteel

Ability to change significant design parameters
mEEs for vehicle seifkg)
material

kg CO2 per kg material produced | _
manufactured yield (material in carfmaterial produced)
part material production (kg CO2 ag)

process
kg CO2 per kg materiz! processed

part shaping process (kg C02 eq)

Total part material production and shaping process (kg CO2 eg)

kg material | |kg material kg CO2 29/ kg

CcCO2 from material in vehicle in vehicle mig yield material produced
i Conv Steel Flat carbon
prOdUC.tlon and from Conwv Steel Long&spec. :
shaping process AHSS Flat carbon
AHSE Long & special

Hot Stamped Steel
Stainless Steel
Cast Iron
Alurminum Wrought
Aluminum Cast

Copper
Magnezium Cazst

.. Magnesium Wrought
CO2 from resizing of i
subsystems based on Plastic
: " CFRP
material composition and | -
mass change Rubber
Battery (electric car}
Subsystem material production (kg CO2 eq)

Grand total material production and shaping (kg CO2 eg)

L 4

F
32.95 1224.00 1141.04
5.82
87.02 1233.88 114685
kg CO2 egq kg CO2eq | kg CO2eq
1410.0 1407.9 -2.07
2638 263.5 -0.33
TB4T 78238 -1.85
498 437 -0.08
67.6 67.4 -0.15
357 387 -0.05
55.3 58.1 -0.20
635.1 635.1 0.00
3751 375.0 -0.14
1235 123.5 0.00
0.0 0.0 0.00
0.0 0.0 0.00
05 .4 o84 0.00
G560 6569 0.00
0.0 0.0 0.00
0.0 0.0 0.00
X223 9 -0.35
0.0 0.0 0.0
4781.3 4776.1 5.2
4868.3 6009.9 114164

Full Scree * >

Close Full Scree
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Design Advisor Solution Map

e)) WorldAutoSteel

Resize
nominal vehicle

Sensitivity
analysis

Component

technology
for component

change

1-Define 3a-Input 3-Resize 4-Vehicle Vehicle mass 5-
nominal component nominal comparison  savings Sensitivity
vehicle and part data vehicle for summary analysis
competitor
component
@ * * @ w Cost for part ~ Cost savings @:I
for resized )
subsystems
2-Size 3b-Scale
powertrain for ~component for
nominal nominal

vehicle v Environment
impact

Recycle
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Donald E Malen, dmalen@umich.edu 38



Overview of Design Advisor

ability to resize
powertrain for

Lig

Fuel Consumption

Life time fuel use by source

Life time fuel cost
Total Life time cost
Discount rate %afyr

CO2 perunit energy production
Fue! producton encrgy
C02 from fuel production by type

reduction value

Liguid fue!

Total vehicle fuel demand-all sources |

Unit fuel cust'

Present value fuel cost (10yr)|

Tank to wheels CO2 per unit fuell
Life time CO2 from liquid fuel use |

Fuel production energy per unit DLItDUt.

Life time CO2 from fuel production |

Selected fuel
Selected powertrain technology

constant Selected driving schedg-‘e
elected fuel consumption 11100km eq
performance lected life time range km

1F100km eq/T00k;
Lr100km aq 100k,
refce kg

En'ecrrr'cf_ty
0.000 KW 00K
0.000 MJ1O0Km

G6.800 ¥100Kkm eq
216.750 MU 00km

10540 liter 0 klvh
335963 MJ 0 MAD%charge of
335,063 MJ
&1 Sawhr
10224 § 50 8
$10,224 5
50%
57,895 §
kg COZeqgMJ
24156 kg CO2eq
ML M
kg CO2eqM. kg CO2eqM.
70552 MJ 0 M
6037 kg CO2eq 0 kg CO2eq

6037 kg COZ2eq

30193 kg COZ2eq
406,515 MJ

M 100km

M 100km/100kg

MU T00kmT00kg

— LCA Use Phase

o)) WorldAutoSteel

Fuel consumption

Value based on fka models

Reduction

Liquid fue!
6.788 M100km eq
216.352 MJ100km

Electricity
0.000 KWh/100km
0.000 MJ1O00Km

r

10521 liter 0 kWh
335346 MY 0 MU90%charges eff
335,346 MJ
& Sfkwhr
$10.205 § 50 &
$10,205 5
57,880 5
kg COZeqidd
24111 kg COZeq
ML ML
kg CO2eqgM. kg CO2eqMJy
T0423 MJ 0 M
G026 0 kg COZeq

6026 kg COZeq

30,138 kg COZeq
405769 MJ

Liguid fue! Electrid

-19.33 0

-616.21

-18.75

-14.48

-44.31 0

-11.07

-55.38
Full Scree * >

Close Full Scree
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Design Advisor Solution Map

Component
technology

1-Define 3a-Input
nominal component
vehicle and part data
2-Size 3b-Scale
powertrain for ~component for
nominal nominal

vehicle v
o 3

e)) WorldAutoSteel

Resize
nominal vehicle

for component
change

3-Resize 4-Vehicle Vehicle mass
nominal comparison  savings
vehicle for summary

competitor

component

@ %’_ﬂ Cost for part

Environment
impact

Material

Sensitivity
analysis

5-
Sensitivity
analysis
Cost savings @:I
for resized e
subsystems
Use Recycle
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Overview of Design Advisor — LCA Recycle

5/17/2013

Ability to change significant
design parameters

__; ) World AutoSteel

CO2 credit from material
recycling- component
and subsystem resizing
changes

Conv Steel Flat carbon
Conv Steel Long&spec.

AHSS Flat carbon

AHEE Long & special

Hot Stamped Steel
Stainle=s Steel
Cast Iron
Aluminum Wrought
Aluminum Cast
Copper
Magnesium Cast
Magnezium Wrought
Glazs

Plastic

CFRP

GFRP

Rubber

Battery (electric car)

material in | material in
mig yield

kg CO2 credit per kg material produced | _
recycle rate for materizal in vehicie

Part material (kg CO2 eg)

recycie rate;

maternal in

vehicl

material

kg CO2

creaitfhg mat
proguced

Subsystem (kg CO2 eg)
Grand total (kg CO2 eg)

kg CO2eqg
7228
-26.8
-402.1

-5.1

-346

-18.3

12.1

= pa

1 dw
[ T e R N

-118.2

0.0
0.0
0.0
-1709.6

17521

523.8 48124
'_L__"_,:_,__l_

kg CO2eq| kg CO2eq

-T21.5 1.06

-26.7 0.03

-401.2 0.95

-5.0 0.01

-34.8 0.08

-18.3 0.03

12.0 -0.04

-410.2 0.00

440 -0.02

-26.7 0.00

0.0 0.00

0.0 0.00

0.0 0.00

-118.2 0.00

0.0 0.00

0.0 0.00

0.0 0.00

0.0 0.00

A1707.5 210

22313 47914

Full Scree * >

Close Full Scree
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Decision?

- - - - - -
| Original (Nominal venhicle)
input - analysis —
: LN Desi gn == ysis.
information : iInformation =
Advisor _ _
%, | Challenger (Resized vehicle)
P
) WorldAutoSteel
. values are i
reszed vehice relative performance
reigive resized i - “ resized
nominalvenice  VEME T—g—  efice
> Nlaso AY worse o " beter
component mass -8.00 component Lo I::l
subsystem mass -1.77 ss 5 2
total change -9.77 £ % ll_J
-2.61
product part cost 827.37 part = I::l
cost  subsystemn cost -51.80 s z
life time fuel savings © -§18.75 fuet & [0 ¢ |
total 86.73 O Mass change
-62.14
LCA part CO2 1146.85 part 40000
Material _subsystem CO2 -5.21 Life
LCA use -56.38 ¢ Cycle 20000
LCA recycle -478.14 recycle f;.,;
total  607.12 ;
]
nominal resized

Recycle | -1752.14 -2231.28
Use I 30192.95 30137.57

Material production | 486830  6009.94
Total 33309.11 33916.23
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Where is information input?

la. Set Nominal Vehicle

1b. Powertrain Sizing

2a. Input Component Data

2b. Size Component for nominal vehicle

3. Resizing Nominal Vehicle
(sheet Mass Compounding)

Results-Component Shaping Cost
(sheet Component Cost)

Results-Cost savings for resized subsystem

(sheet Subsystem Cost)

Results-LCA Material Comparison
(sheet LCA-Material)

Results-LCA Use Comparison
(sheet LCA-Use)

Results-LCA Recycling Comparison
(sheet LCA-Recycle)

svehicle type

slength and width

enumber of passengers

scargo mass

standard deviations below average
epowertrain type

*(optional) subsystem masses

«life time range

fuel type

«driving schedule

enominal vehicle fuel consumption

scomponent name

emass driver value used to size component
scomponent and part mass

scomponent material

eshaping process

emass driver for nominal vehicle

einfluence coefficient source
sresizing method

-resize specific subsystems (yes/no)
+(optional) subsystem influence coefficients

.Batch size

*(optional consider cost for specific subsystems (yes/no)
*(optional) subsystem cost coefficients

*(optional) manufacturing yield
*(optional) GHG/unit material coefficient

‘Resize powertrain for equal performance
(optional) Discount rate for fuel cost

«(optional) manufacturing yield
*(optional) GHG/unit recycle coefficient

Primary
inputs

Important
secondary
inputs
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*Keep Excel open
*We will continue to use this same example
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