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Cost 

GHG

Secondary 
mass

Sensitivity 
Analysis

Graphic Dash 
Board

Design Advisor

Design Advisor- Excel Workbook to support material selection decisions

Component 
benchmarking 

and scaling
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Material selection decisions often occur early in the design process

Product 
Planning

Detail Validation Production

Stamped Steel,10 kg

Cast Magnesium, 6 kg

advise the 
decision

Design
Advisor

limited 
available 

information

Vehicle
•Mass
•Cost
•LC GHG  

Sedan/Hatchback
5 passenger
100 kg cargo

Powertrain Gas-IC

4.7 m

1.8 m

Configuration

Advising a Material Selection Decision
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• 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

B>A

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

-component mass
-material
-manufacturing 

component vehicle

mass

cost
GHG

Design Advisor  – Purpose
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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
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Design Advisor Workshop - Agenda

3 Secondary Mass estimation

Seat frame-a

Seat frame-b

Hatchback door-a

Hood

Advance BOM
Hood Sensitivty

Hatchback door-c

5. Powertrain sizing

6. LCA & Sensitivity study2 Vehicle mass estimation

1. Intro & guided 
case study 8:30 3:00

4. Cost estimation Break 
for 

lunch
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Session 1

Guided Case Study

Design Advisor
Workshop
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Design Advisor Workshop Files
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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.

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

Careful
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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:

Select Options, then select Enable this content

To open the Design Advisor and enable macro content

Security Warning   Some active content has been disabled Options
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Method 1
Use Save, and make sure the format is .xls (this will keep the same file name)

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

To save your work while in Excel
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Case Study 1

Component: Seat Frame Vehicle Parameters

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

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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Original component and part

Competitor component and part

Changes for Part (Primary Changes)

Changes for Vehicle including resizing subsystems

Nominal vehicle 
vehicle defined by the user with original component

Resized vehicle
nominal vehicle with subsystems resized for competitor component

Component an assembly
Part metallic/composite part or weldment within the component

Definitions

Mass/Cost/CO2
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Instructions

Design Advisor Solution Map

3-Resize 
nominal 
vehicle for 
competitor 
component

Resize
nominal vehicle 
for component 
change

Compare 
vehicles

Cost savings 
for resized 
subsystems

Cost for part

Vehicle mass 
savings 

Environment 
impact

Material Use Recycle

4-Vehicle 
comparison
summary 

1-Define 
nominal 
vehicle

2-Size 
powertrain for 
nominal 
vehicle

Define 
nominal 
vehicle

3a-Input 
component 
and part data

3b-Scale 
component for 
nominal 
vehicle

Component  
technology

Sensitivity
analysis

5-
Sensitivity 
analysis 
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Overview of Design Advisor  – Protection

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

Color coding of cells and numbers
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3-Resize 
nominal 
vehicle for 
competitor 
component

Resize
nominal vehicle 
for component 
change

Compare 
vehicles

Cost savings 
for resized 
subsystems

Cost for part

Vehicle mass 
savings 

Environment 
impact

Material Use Recycle

4-Vehicle 
comparison
summary 

1-Define 
nominal 
vehicle

2-Size 
powertrain for 
nominal 
vehicle

Define 
nominal 
vehicle

3a-Input 
component 
and part data

3b-Scale 
component for 
nominal 
vehicle

Component  
technology

Sensitivity
analysis

5-
Sensitivity 
analysis 

Design Advisor Solution Map
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Overview of Design Advisor  – Nominal Vehicle

navigation
back, map, next

Help for 
each sheet

blue fields 
indicate input
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Overview of Design Advisor  – Nominal Vehicle

Subsystem material composition is 
preloaded but may be changed

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

Mass adjusted 
for powertrain 

type
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3-Resize 
nominal 
vehicle for 
competitor 
component

Resize
nominal vehicle 
for component 
change

Compare 
vehicles

Cost savings 
for resized 
subsystems

Cost for part

Vehicle mass 
savings 

Environment 
impact

Material Use Recycle

4-Vehicle 
comparison
summary 

1-Define 
nominal 
vehicle

2-Size 
powertrain for 
nominal 
vehicle

Define 
nominal 
vehicle

3a-Input 
component 
and part data

3b-Scale 
component for 
nominal 
vehicle

Component  
technology

Sensitivity
analysis

5-
Sensitivity 
analysis 

Design Advisor Solution Map
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Overview of Design Advisor  – Size Powertrain

Select life time range

Select driving schedule

Select fuel consumption from graph

Select compatible fuel
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3-Resize 
nominal 
vehicle for 
competitor 
component

Resize
nominal vehicle 
for component 
change

Compare 
vehicles

Cost savings 
for resized 
subsystems

Cost for part

Vehicle mass 
savings 

Environment 
impact

Material Use Recycle

4-Vehicle 
comparison
summary 

1-Define 
nominal 
vehicle

2-Size 
powertrain for 
nominal 
vehicle

Define 
nominal 
vehicle

3a-Input 
component 
and part data

3b-Scale 
component for 
nominal 
vehicle

Component  
technology

Sensitivity
analysis

5-
Sensitivity 
analysis 

Design Advisor Solution Map
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Complexity 
for 

stampings

Overview of Design Advisor  – Input

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

Steel Stamping
Steel TWB Stamping
Steel Hot Stamping
Steel open roll form
Steel Tube Hydroform
Steel Forging
Iron Casting

Nonferrous Stamping
Nonferrous Extrusion
Nonferrous Die Casting
Nonferrous Forging
Composite SMC
Composite Resin TransferConfirmation that 

material and process 
are compatible
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3-Resize 
nominal 
vehicle for 
competitor 
component

Resize
nominal vehicle 
for component 
change

Compare 
vehicles

Cost savings 
for resized 
subsystems

Cost for part

Vehicle mass 
savings 

Environment 
impact

Material Use Recycle

4-Vehicle 
comparison
summary 

1-Define 
nominal 
vehicle

2-Size 
powertrain for 
nominal 
vehicle

Define 
nominal 
vehicle

3a-Input 
component 
and part data

3b-Scale 
component for 
nominal 
vehicle

Component  
technology

Sensitivity
analysis

5-
Sensitivity 
analysis 

Design Advisor Solution Map
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ability to resize 
component based 
on mass driver

exponent for 
resizing

Benchmark plot

Overview of Design Advisor  – Resizing Component for Nominal Vehicle

Mass driver 
changes 
based on 

component 
selected
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3-Resize 
nominal 
vehicle for 
competitor 
component

Resize
nominal vehicle 
for component 
change

Compare 
vehicles

Cost savings 
for resized 
subsystems

Cost for part

Vehicle mass 
savings 

Environment 
impact

Material Use Recycle

4-Vehicle 
comparison
summary 

1-Define 
nominal 
vehicle

2-Size 
powertrain for 
nominal 
vehicle

Define 
nominal 
vehicle

3a-Input 
component 
and part data

3b-Scale 
component for 
nominal 
vehicle

Component  
technology

Sensitivity
analysis

5-
Sensitivity 
analysis 

Design Advisor Solution Map
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Overview of Design Advisor  – Resize Nominal Vehicle

Choose secondary 
mass resizing method

Each subsystem resized for 
component change

mass change due to 
component

Ability to not resize subsystem 
Choose NOT to resize 
powertrain
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3-Resize 
nominal 
vehicle for 
competitor 
component

Resize
nominal vehicle 
for component 
change

Compare 
vehicles

Cost savings 
for resized 
subsystems

Cost for part

Vehicle mass 
savings 

Environment 
impact

Material Use Recycle

4-Vehicle 
comparison
summary 

1-Define 
nominal 
vehicle

2-Size 
powertrain for 
nominal 
vehicle

Define 
nominal 
vehicle

3a-Input 
component 
and part data

3b-Scale 
component for 
nominal 
vehicle

Component  
technology

Sensitivity
analysis

5-
Sensitivity 
analysis 

Design Advisor Solution Map
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Overview of Design Advisor  – Summary output

clicking takes 
user to next level 

of detail

Marginal trade off ratios

stacked bar chart 
shows cumulative 

effects Total LCA for each vehicle
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Overview of Design Advisor  – Summary output - Graphs

$27.37 performance worse
for resized vehicle

performance better 
for resized vehicle

performance better 
for resized vehicle

relative component cost

relative subsystem cost

relative fuel savings -$18.75

-1.89

net cost difference $25.48 worse  
for resized when only product cost 

is considered

net cost difference $6.73 
worse for resized when fuel 

savings is considered

0

- $1.89
$18.75
- $6.73
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Overview of Design Advisor–Summary output Trade-off ratios

T.O.R.= product cost
 mass

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

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

mass 
reduction 

for resized

cost 
reduction 

for resized

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

quadrant where both metrics are worse for resized vehicle

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

Trade-off ratio

Origin: nominal 
and resized 
vehicle are same

-2.61
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Overview of Design Advisor–Summary output GHG LCA

difference
607.12 worse for 
resized vehicle
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3-Resize 
nominal 
vehicle for 
competitor 
component

Resize
nominal vehicle 
for component 
change

Compare 
vehicles

Cost savings 
for resized 
subsystems

Cost for part

Vehicle mass 
savings 

Environment 
impact

Material Use Recycle

4-Vehicle 
comparison
summary 

1-Define 
nominal 
vehicle

2-Size 
powertrain for 
nominal 
vehicle

Define 
nominal 
vehicle

3a-Input 
component 
and part data

3b-Scale 
component for 
nominal 
vehicle

Component  
technology

Sensitivity
analysis

5-
Sensitivity 
analysis 

Design Advisor Solution Map
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cost estimate based 
on shaping process 

only
reference plot

Tooling and equipment cost 
based on selected process 
and component mass

Overview of Design Advisor  – Component Cost

production volume 
may be changed
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3-Resize 
nominal 
vehicle for 
competitor 
component

Resize
nominal vehicle 
for component 
change

Compare 
vehicles

Cost savings 
for resized 
subsystems

Cost for part

Vehicle mass 
savings 

Environment 
impact

Material Use Recycle

4-Vehicle 
comparison
summary 

1-Define 
nominal 
vehicle

2-Size 
powertrain for 
nominal 
vehicle

Define 
nominal 
vehicle

3a-Input 
component 
and part data

3b-Scale 
component for 
nominal 
vehicle

Component  
technology

Sensitivity
analysis

5-
Sensitivity 
analysis 

Design Advisor Solution Map
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Subsystem cost 
change per kg based 

on material cost

ability to include cost 
change or not include

Overview of Design Advisor  – Cost savings for resized subsystems
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3-Resize 
nominal 
vehicle for 
competitor 
component

Resize
nominal vehicle 
for component 
change

Compare 
vehicles

Cost savings 
for resized 
subsystems

Cost for part

Vehicle mass 
savings 

Environment 
impact

Material Use Recycle

4-Vehicle 
comparison
summary 

1-Define 
nominal 
vehicle

2-Size 
powertrain for 
nominal 
vehicle

Define 
nominal 
vehicle

3a-Input 
component 
and part data

3b-Scale 
component for 
nominal 
vehicle

Component  
technology

Sensitivity
analysis

5-
Sensitivity 
analysis 

Design Advisor Solution Map
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Overview of Design Advisor  – LCA Material

CO2 from material 
production and from  

shaping process

CO2 from resizing of 
subsystems based on 
material composition and 
mass change

Ability to change significant design parameters
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3-Resize 
nominal 
vehicle for 
competitor 
component

Resize
nominal vehicle 
for component 
change

Compare 
vehicles

Cost savings 
for resized 
subsystems

Cost for part

Vehicle mass 
savings 

Environment 
impact

Material Use Recycle

4-Vehicle 
comparison
summary 

1-Define 
nominal 
vehicle

2-Size 
powertrain for 
nominal 
vehicle

Define 
nominal 
vehicle

3a-Input 
component 
and part data

3b-Scale 
component for 
nominal 
vehicle

Component  
technology

Sensitivity
analysis

5-
Sensitivity 
analysis 

Design Advisor Solution Map
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Fuel consumption Reduction 
Value based on fka models

ability to resize 
powertrain for 
constant 
performance

Overview of Design Advisor  – LCA Use Phase
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3-Resize 
nominal 
vehicle for 
competitor 
component

Resize
nominal vehicle 
for component 
change

Compare 
vehicles

Cost savings 
for resized 
subsystems

Cost for part

Vehicle mass 
savings 

Environment 
impact

Material Use Recycle

4-Vehicle 
comparison
summary 

1-Define 
nominal 
vehicle

2-Size 
powertrain for 
nominal 
vehicle

Define 
nominal 
vehicle

3a-Input 
component 
and part data

3b-Scale 
component for 
nominal 
vehicle

Component  
technology

Sensitivity
analysis

5-
Sensitivity 
analysis 

Design Advisor Solution Map



WorldAutoSteel Workshop

5/17/2013

Donald E Malen, dmalen@umich.edu 41

Overview of Design Advisor  – LCA Recycle

CO2 credit from material 
recycling- component 

and subsystem resizing 
changes

Ability to change significant 
design parameters
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Decision?

Design
Advisor

input 
information

analysis 
information

Challenger (Resized vehicle)

Original (Nominal vehicle)
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•influence coefficient source
•resizing 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

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)

Excel Sheet Information input on sheet

•component name
•mass driver value used to size component
•component and part mass
•component material
•shaping process
•mass driver for nominal vehicle

2a. Input Component Data
2b. Size Component for nominal vehicle

•vehicle type
•length and width
•number of passengers
•cargo mass
•standard deviations below average
•powertrain type
•(optional) subsystem masses

1a. Set Nominal Vehicle

•life time range
•fuel type
•driving schedule
•nominal vehicle fuel consumption

1b. Powertrain Sizing

Where is information input?

Primary 
inputs

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


