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Cost Event Overview

General Information
Rules, Tables & Templates
Where to Find Cost Materials




General Information

“Formula SAE is an automotive-themed engineering design
competition; it exists to prepare student engineers for the real
world.”

Real world engineering is:
recognising that cost and budgeting are critical in the real world

organising costing data to assist in the decision-making
process

making trade-off decisions between functional advantage and
cost

justifying design decisions with respect to cost



General Information

Report

Accuracy
: (40 Points)

Vehicle Cost
(40 Points)



Rules, Tables & Templates

¢ Standardised across all FS/IFSAE  F——=——
competitions worldwide &= T T T
Same baseline rules = - =
Same cost tables e
Same part/assembly templates - ' ' ':
¢ FSAE-A-specific additions on T —————
]

http://www.saea.com.au/formulasae;:
the car design drives final cost

Engineering design is about trade-
off analysis



http://www.saea.com.au/formulasae

Where to Find Cost Materials

The SAE-I site’s Formula section is the prime location for all forms and
templates

https://www.fsaeonline.com/cdsweb/gen/DocumentResources.aspx

¢ FSAE Rules ¢ Templates
Cost Event in Article S4
(p.132 2017/2018 Rules) ¢ Appendices

¢ Standard Tables & Forms


https://www.fsaeonline.com/cdsweb/gen/DocumentResources.aspx

List of Published Cost

Materials

¢ Standard Tables ¢ Appendices
Materials S1: Cost Models &
Processes Methodology
Process Multipliers S2: Standard Part Numbering
Easteners S3: Systems & Assemblies List
: for IC Cars
Tooling EV3: Systems & Assemblies for

EV cars at
http://www.saea.com.au/
fsaerulesdownloads/

¢ Templates S4: Power Tool Package
Assembly Envelopes

Part

¢ Add Item Request Form



http://www.saea.com.au/fsaerulesdownloads/
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Cost Report Essentials

The Report

Report Structure

BOM (Bill of Materials) Structure
Cost Templates

Cost Tables




The Report

¢ 3- or 4-ring binder (2-rings tend to break in transit!)
Spiral/comb binders do NOT count as ring binders!!

¢ Tabs separating each system, clearly labelled
¢ Easy-to-read Table of Contents

¢ Page numbering

¢ Ensure text size is readable for all ages

¢ Ensure legibility of all content — limit excessive background colouring

Easy details that are ‘gimme’ marks!!!




The Report

Soft Copy

¢ Excel Format

One file only
Use templates available from SAE-

AND

6 PDF Format

Electronic copies are important for report validation!




Report Structure

Suggested ‘Baseline’ for Hard Copy

Overall Report:

Cover Page
Table of Contents

Supplementary material (as required)
Part number decoding
Blurb/s about manufacturing, etc.

Full Bill of Material
Every system, assembly and part listed
Full costings

All system breakdowns (see right)

Breakdown per System:

¢ Clearly marked tab!
¢ System Bill of Material

¢ System Costing
Must follow BOM structure
Parts to follow parent assembly

¢ System Supplementary Material

Must follow BOM structure, each
drawing/photo clearly identifiable
by part number and description




Report Structure

Explanations/Clarity

Clarity of reports presented varies significantly between teams

¢ Break down each line in the material/process/fastener/tooling
sections as much as possible

Covered later in the presentation

¢ Number all pages logically and clearly; this will help both your
own tracking and the judges

¢ Ultilise the “use” column as much as possible
Just a few words in each line helps to follow along!

When reading down a page, each step should flow in a logical manner




BOM Structure

¢ Some teams struggle

. - Process
Material / g
with a clear BOM Overal N . ot Nelela)  Mulplerss
Po Fastener Ap?ﬁiga%]‘i’e]

breakdown

Matenal 1
Matenal 2

¢ MUST follow parent
“Systems” as
specified in Appendix

S-3 or EV-3
<

Process
Muthpllers
Toullng

Fastener
1

Fastener
2

¢ Issues present at the
assembly level, and < Assemy

cascade down

System 3



BOM Structure

¢ Suggest using Appendix S-3 assembly list
as a ‘baseline’ BOM breakdown

Provides an appropriate level of
breakdown at the assembly level

Where an assembly is bundled into
one costed elsewhere, DO NOT
DELETE THE LINE ITEM! Use
description column to direct judge to
new location

Some concessions will be made to
suit individual vehicle applications

FORMULA SAE 8AE International”

APPENDIX C-3
ORGANIZED LIST OF SYSTEMS & ASSEMBLIES

The Cost Report must follow the organized list of systems and assemblies/parts outlined below.
Any questions as to the correct location of the specific items must be submitted to the rules
committee by March 1 of the competition year.

The two letter abbreviation after each system name is to be used in the part number.

1) Brake System - BR
Brake Fluid

Brake Master Cylinder
Fasteners

Brake Lines

Brake Discs

Brake Pads

Balance Bar

Calipers

Proportioning Valve

2) Engine and Drivetrain — EN
Air Filter

Axles

Carburetor

Chain / Belt

Coolant

Coolant Lines

CV Joints/U Joints
Differential
Differential Bearings
Differential Mounts
Engine

Engine Mounts
Engine/Diff Oil
Exhaust Manifold
Fuel Filter

Fuel Injectors

Fuel Lines/Rails
Fuel Pressure Reg.
Fuel Pump



BOM Structure

Example Only!

Rev.
Area of Commodi ~ | Asm/Prt ~| Ly ~ Asm |~ Component - Description -
Suspension AD0O1 AA Bell Cranks 1x Vehicle Set of Bell Cranks per P/N
Suspension P1001, AA |ADOO1 LHF Bell Crank 1x Complete LHF Bell Crank per P/N
Suspension P1002 AA |ADOOT LHR Bell Crank 1x Complete LHR Bell Crank per P/N
Suspension P1003, AA |ADOO1 RHF Bell Crank 1x Complete RHF Bell Crank per P/N
Suspension P1004, AA |ADOOT RHR Bell Crank 1x Complete RHR Bell Crank per P/N
Suspension ADDO2 AA Front A-Arms 1x Set of Front A-arms (4 arms for SLA) per P/N
Suspension P2001] AA |ADDO2 LHF Upper A-Arm 1x Complete LHF Upper A-Arm per P/N
Suspension P2002 AA |ADD0O2 LHF Lower A-Arm 1x Complete LHF Lower A-Arm per P/N
Suspension P2003] AA |ADD02 RHF Upper A-Arm 1x Complete RHF Upper A-Arm per P/N
Suspension P2004) AA |ADDO2 RHF Lower A-Arm 1x Complete RHF Lower A-Arm per P/IN
Suspension AD003 AA Front Uprights 1x Front Upright Assembly per P/N
Suspension Insert Child parts here 7) Suspension System — SU
Suspension AD0D4 AA | |Pushr0dsfPu|Ir0dS 1x Pushrod per P/N,
Suspension Insert Child parts here Bell Cranks
pe - - Front A/Arms or Equivalent
Suspension A0005 AA | |Rear AJArms or Equivalent  |1x Set of Rear A-arms (4 arms for SLA) per PIN Front Uprights
Suspension Insert Child parts here Pushrods/Pullrods
Suspension A00DDG AA | |Rear Uprights 1x Rear Upright Assembly per P/N Rear A/Arms or Equivalent
= = Rear Uprights
- - - : Rod Ends
Suspension A00O7 AA Rod Ends Mot used, costed in respective Pushrod, A-Arm Assemblies I Shocks Front
Lul Lalolojo)i] [ala) Wmmmm—f Springs _
Suspension Insert Child parts here | Suspension Mechanism

¢ Suspension Used as an example (excerpt from S-3 included to the right)

¢ Custom part numbering used, for operator’s clarity, would require ‘decoding’ page at start of report



BOM Structure

Explanations/Clarity

Drawings and other supplementary ‘visual’ materials provide the
judge with a method to piece together the car, as they review the
material presented to them.

In lieu of full engineering drawing/data pack, consider the following:

O

Parts: 2D third-angle-projection drawing, dimensioning the overall
envelope space and any key features

Assemblies: 3D exploded-view of assembly, with BOM

Where photo(s) are used, place a ruler with the part/assembly (to
give a sense of scale)

PR

Think Af \wwhat tho nand in Ardar A :-<~ Aalica :‘%;r:;«. N A
"hink of what the judges would need, in order to visualise the

t

coming together in thelr head when reviewing the report'




Cost Report Templates
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Cost Tables

¢ Cost Tables previously available on the SAE-I website, but format
has changed for SAE North America events.

Each tables’ items have been put into online catalogues
Old tables have been removed

¢ Notice sent to FSAE-A teams (http://www.saea.com.au/resources/
Documents/FSAE-A%202018%20Cost%20Event%20Update.pdf)
approving the use of 2017 cost tables for this year; updated
parts/materials/processes/fasteners (as listed in the 2018 online
catalogue) can be used as needed though.



http://www.saea.com.au/resources/Documents/FSAE-A 2018 Cost Event Update.pdf

Cost Tables

¢ Materials - the list of purchasable ‘finished
parts’ and ‘raw materials’ used by teams to
construct the car

Processes

Process
Multipliers

¢ Process - operations that alter the form of the
materials

¢ Process Multipliers - modifiers that alter the
standard cost of various operations to account
for physical differences (i.e. material used,
geometric size)

¢ Fasteners - various components that are
used to fasten components (i.e. bolts, nuts,
washers, rivets, hose clamps, safety wire)

¢ Tooling - the rigging/infrastructure required
for processes to be achievable (i.e. die for die
casting, welding fixtures for welding, etc.)




Cost Tables — Materials

¢ General categories:

Bearings Brake System Chassis Composite
Control Module Controls Damper Drivetrain
Electronics Engine EV — Fluid

CM/Elec/TD
Miscellaneous Raw Material Safety Sensors
Springs Steering Tire Wheel

¢ Examples include:
Raw Material — Steel, Aluminium, Titanium
Composite — Carbon Fibre (include material weight!), Foam
Engine — Dry Sump Pump, Overflow Bottle
Control Module — ECU, Datalogger




Cost Tables — Process

¢ General categories:

Basic Forming Composite Electrical — Attach Wires
Electrical — Bundle Electrical — Bundle Electrical — Connections
Install Processing
Electrical — Layout Electrical — Prep Electrical — Wire in Connector
Fasteners Joining Labour
Material Removal Sheet Materials Tubing

¢ Examples include:
Basic Forming — Die Casting, Sand Casting, Powder Metal

Composite — Lamination, Oven Cure, Autoclave Cure
Joining — Sewing, Welding
Material Removal — Turning, Milling, Facing, EDM



Cost Tables — Process

Multipliers

¢ General categories:

Assembly Fastener Installation
Drill, Tap Machining

¢ Examples include:
Assembly — Length, Disassemble
Fastener Installation — Engagement Length
Drill, Tap — Hole Length

Machining — Material Type (e.g. Foam is easier to machine than
Aluminium, therefore 0.33x multiplication factor)



Cost Tables — Fasteners

¢ General categories:

Bolts Dzus Fasteners Hose Clamps
Loop Straps Nuts Pins
Retaining Rings Studs Washers

¢ B

é Points to note:

Many fasteners are equation-driven
Only required for components on the vehicle, not for fixtures/jigging
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Further CR Information

Making vs. Buying
Add Item Requests




Making vs. Buying

¢ Car components are classified as either purchased or made

¢ Bought parts appear in tables

Typically organised by: 1) part type, 2) manufacturer, and 3)
model

Can be modified as the team requires

¢ Made parts can appear in tables
Parts designated as ‘Student Built’ must be ‘made’ within the CR
Unlisted parts must be ‘made’ or an ‘add item request’ is needed



Making vs. Buying

Made Parts

Start as raw materials (Steel,
Alloy; Aluminium, Normal, Iron;
etc.)

Undergo various processes
(Machining; Spinning, Metal;
Tube cut; etc.)

May require subassembly
(Assemble, 1kg, Loose; Weld;
Hand - Start Only)

Examples: oil tank, uprights, A-
arms

Bought Parts

Purchased in ready state

*Can* be modified as per team
requirements

Examples: suspension
dampers, engine control units,
brake master cylinders



Rule Covering ‘Made vs.

Bought’

How Cost Table Lists
Part

Table lists the part as
“Made”, or the part is
not listed in the Tables

Table lists the part
as “Bought”

How Team Actually Acquired the Part

Team Made Team Bought

Cost as “Made” Cost as “Made”

1) “Made” option is NOT in
table; cost as “Bought”

2) “Made” option is in
table; team can choose
either “Bought or
“‘Made”

Cost as “Bought”

2018 Formula SAE Rules, S4.13.3 (p.138)



Add ltem Requests

¢ Non-existent items that teams

want to see In future cost
tables

Details in ‘Add Item Request
Online’ on fsaeonline.com

Past AIR viewable in ‘Master

Table/Committee Decision’ e e

¢ Use the ‘Excel format AIR" and —

e-mail to formulasae@sae- S T LR RN I

a.com.au T e e
Don’t forget to provide the E
item’s/items’ critical details



mailto:formulasae@sae-a.com.au

Add Item Requests

=] Coat,_Table_Sad_ Requestsls [Proteched Witw] - Mizrosalt Eae
Hestse  Jndert Puge lipsut Forfedid Dals fesiess view Developer  SOUEnWORES PO vsigaod B
ﬂ Paolected View  This fie originabed from an Intemet | noataan and might be wnsafe. Oio for more details Enabk: Bsiting = |
&1 - J& | Formula S2E Cost Table Item Addition Reguest a|
[ & | B C [ £ : i H i I K L ?I
E! p |bem Addition Reguest FORMULA S8AS
I Donot artar oell postion Yauw may change column widths, Ona supglier perfarm, 10 items per suppliar parform.
3 Flease submit follceing the instruct ions at: % =] 2o P ‘.‘.
4 Form version L1 L
= 17-rov-04
]
7 University Hama:
B Univwersity Contad:
3 Contact Emall:
10
11 K lesial Uit Cost Unit Lot Type Supplies Tahle Price | Calegosy | Attschment | DateAdded Ietas Camments
12
13
14
15
16
17 |
1n
19
20
21
21
FE] Supplies | Comtact | Address | ity [ sete | dp | Cowntyy | Phone Fan Email | site | Motes
2 I | | I I l | | |
15
16 Moterial Ertar nama for material using standard caonventian |see el sting eetrac)
T ilnlt Cost ranufacturer's suggested retall price for the tam
I8 Uit For one item enter “unit® or enter parameter defining guantity (meter, kg etc )
28 Cost Tppe shauld be WMSEF
A0 Suppler Ligt e of dupalier and proside details bl o
31 Team: Prae Price your tean paid, doesnT affecd table price but for refenance
33 Tabks rice i will @nterthis, but 0L5 * WSRP i5 Sardand batare adjustments iF any
33 Cofegory Ganeral catagary [whesl, dampar, et )
34 Actectiment Ingicate If #ttachmert induded on attadhment tab | Yes o)
35 Code ddded Date of your request
A6 oss Pdads of part
A7 Comanenty Xt B coimanents {ogtiaral )
-
_l:o-l b M Form o Attachmaents : 1 > :
Rewty | T | —Hﬂﬂml&-— 1 L
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Cost Report Example

A-Arm Case Study
Part Manufacture
Parts & Tooling




Introduction
A-Arm Case Study

This example covers
Individual Part Manufacture
Assembly Manufacture
Fasteners & Tooling

Based on the example created
by Bill Riley (mentioned at the
start of the presentation)




Cost Report Example
Part Manufacture

¢ Example in case is the spherical
bearing cup

Manufactured from steel
round bar

*ALL* processes to be
stepped




Cost Report Example

Part Manufacture

Process Steps Visualisation
Working from initial steel round bar
¢ Rough machine outside
¢ Finish machine outside
¢ Rough machine inside

¢ Finish machine inside

¢ Part material from round bar



Cost Report Example

Part Manufacture

EE[

Partlng Cut

3.0mm




Cost Report Example

Part Manufacture

Part Cost
System
P/N Base
DLS Full P/N FSAEM — 0B — 027 — SU - 00099 — AA
PLS [T University of the Internet
Comment
. Unit Length Density Sub Total
1 Steel, Alloy pherical Bearing Cup - Bar . 1 . 3
Material Steel, All Spherical Bearing Cup - Ba 5 225 kg 506.0 20 78DED6 5 0178
5 -
Sub Total % 0.178
L3 FroOCE ) Ll EIpi e o 0
Process 1 Lathe - Turn, Rough Bearing Cup 0D 5 0.04 com*3 15.96 M1l - Steel is 1.52
2 Lathe - Turn, Finish Bearing Cup OD 5 0.04 cm*3 7.98 Mtl - Steel £ 0.96
3 Lathe - Face, Rough Bearing Cup Top 5 0.04 cm*3 10.13 Ml - Steel 35 122
4 Lathe - Face, Finish Bearing Cup Top 5 0.04 cm"™3 10.13 Mt - Steel 35 122
& Lathe - Turn, Rough Bearing Cup 1D 5 0.04 om*3 1.79 Mtl - Steel is 0.93
& Lathe - Turn, Finish Bearing Cup 1D ] 0.04 om*3 4.4 Mtl - Steel =1 0.18
7 Assemble, 1 kg Interference  Bearing into Bore 5 0.19 unit 1 H] 0,19
8 Assernble; 1 kg Imerference Retaining Ring 5 0.19 unit 1 5 0,19
Sub Total § 679
FiDy Fastener Use Size Unit Unit Cost Quantity Sub Total
3 Spherical Bearing Outboard 6.35 mm 5 6.21 1 s 6.21
FaStener 4 Retaining Ring Spherical Bearing 17 mm 5 007 1 5 0.07
5 .
5 -
Sub Total 5 G.ZEI
¥ O
Tooling

Sub Total & -

— 99 +~ 0 ~ O C W

wn




|Part Name
System
P/N Base
DLS

PLS
Comment

Cost Report Example

Part Manufacture

A-firm Bearing Cup 27 Part Cost i 13.25
Suspension

000099

A [T FsaEm — 08 — 027 — SU - 00059 — AA

A [T University of the Internet

Upper Left A-Arm

Length Density Sub Total

1 Steel, Alloy Spherical Bearing Cup - Bar 5 225 kg 506.0 20  THOEOE 5 0.178

5 =

Sub Total % 0178

Process Unit Cost i Quantity Muktiplier Mult. Val. 5Sub Total
1 Lathe - Turn, Rough Bearing Cup 0D 5 0.04 com*3 15.96 M1l - Steel is 1.52
2 Lathe - Turn, Finish Bearing Cup OD 5 0.04 cm*3 7.98 Mtl - Steel £ 0.96
3 Lathe - Face, Rough Bearing Cup Top 5 0.04 cm*3 10.13 Ml - Steel 35 122
4 Lathe - Face, Finish Bearing Cup Top 5 0.04 ocm*3 10.13 Mt - Steel 35 1.22
& Lathe - Turn, Rough Bearing Cup 1D 5 0.04 om*3 1.79 Mtl - Steel is 0.93
& Lathe - Turn, Finish Bearing Cup 1D ] 0.04 om*3 4.4 Mtl - Steel =1 0.18
7 Assemble, 1 kg Interference  Bearing into Bore 5 0.19 unit 1 H] 0,19
8 Assernble; 1 kg Imerference Retaining Ring 5 0.19 unit 1 5 0,19
Sub Total 5 6,79
FiDy Fastener Use Size Unit Unit Cost Quantity Sub Total
3 Spherical Bearing Outboard 6.35 mm 5 6.21 1 5 6.21
4 Retaining Ring Spherical Bearing 17 mm 5 007 1 5 0.07
5
5 -
Sub Total 5 6,28

Unit Cost Unit Quantity PVF Sub Total

Sub Total & -




Cost Report Example

Part Manufacture

27 Part Cost i 13.25

[TEL ol A-Arm Bearing Cup
System Suspension

P/N Bage [rvieii

DLS A [T FsaEm — 08 — 027 — SU - 00059 — AA
PLS A [T University of the Internet

ST U Upper Left A-Arm

Length Density Sub Total

1 Steel, Alloy Spherical Bearing Cup - Bar 5 225 kg 506.0 20  THOEOE 5 0.178
5 -
Sub Total % 0.178
Process Unit Cost i Quantity Muktiplier Mult. Val. 5Sub Total
1 Lathe - Turn, Rough Bearing Cup 0D 5 0.04 com*3 15.96 M1l - Steel is 1.52
2 Lathe - Turn, Finish Bearing Cup OD 5 0.04 cm*3 7.98 Mtl - Steel £ 0.96
3 Lathe - Face, Rough Bearing Cup Top 5 0.04 cm*3 10.13 Ml - Steel 35 122
4 Lathe - Face, Finish Bearing Cup Top 5 0.04 ocm*3 10.13 Mt - Steel 35 1.22
5 Lathe - Turn, Rough Bearing Cup ID 5 0.04 om*3 7.79 Mt - Steel A5 0.93% ISSIng
& Lathe - Turn, Finish Bearing Cup ID 3 0.04 ocm*3 4.4 Mtl - Steel ( )‘5 0.18 Steel
7 Assemble, 1 kg Interference  Bearing into Bore 5 0.19 unit 1 ~s 0,19 inli
8 Assernble; 1 kg Imerference Retaining Ring 5 0.19 unit 1 5 0,19
Sub Total 5 6,79
FiDy Fastener Use Size Unit Unit Cost Quantity Sub Total
3 Spherical Bearing Outboard 6.35 mm 5 6.21 1 5 6.21
4 Retaining Ring Spherical Bearing 17 mm 5 007 1 5 0.07
5
5 -
Sub Total 5 6,28
Unit Cost Unit Quantity PVF Sub Total
Sub Total 5 -




|Part Name
System
P/N Base
DLS

PLS
Comment

Cost Report Example

Part Manufacture

A-firm Bearing Cup 27 Part Cost i 13.25
Suspension

000099

A [T FsaEm — 08 — 027 — SU - 00059 — AA

A [T University of the Internet

Upper Left A-Arm

Length Density Sub Total

1 Steel, Alloy Spherical Bearing Cup - Bar 5 225 kg 506.0 20  THOEOE 5 0.178

5 =

Sub Total % 0178

Process Unit Cost i Quantity Muktiplier Mult. Val. 5Sub Total
1 Lathe - Turn, Rough Bearing Cup 0D 5 0.04 com*3 15.96 M1l - Steel is 1.52
2 Lathe - Turn, Finish Bearing Cup OD 5 0.04 cm*3 7.98 Mtl - Steel £ 0.96
3 Lathe - Face, Rough Bearing Cup Top 5 0.04 cm*3 10.13 Ml - Steel 35 122
4 Lathe - Face, Finish Bearing Cup Top 5 0.04 ocm*3 10.13 Mt - Steel 35 1.22
& Lathe - Turn, Rough Bearing Cup 1D 5 0.04 om*3 1.79 Mtl - Steel P 0.93
No Parting & Lathe - Turn, Finish Bearing Cup ID 3 0.04 ocm*3 4.4 Mtl - Steel ( )‘5 0.18
Operation 7 Assemble, 1 kg, Interference  Bearing into Bore 5 0.15 unit 1 — 0,19
8 Assernble; 1 kg Imerference Retaining Ring 5 0.19 unit 1 5 0,19
Sub Total 5 6,79
FiDy Fastener Use Size Unit Unit Cost Quantity Sub Total
3 Spherical Bearing Outboard 6.35 mm 5 6.21 1 5 6.21
4 Retaining Ring Spherical Bearing 17 mm 5 007 1 5 0.07
5
5 -
Sub Total 5 6,28

Unit Cost Unit Quantity PVF Sub Total

Sub Total & -

ISSIng
Steel




Cost Report Example

Part Manufacture

[Tl A-Arm Bearing Cup 27 part Cost  JEREERS
System Suspension
P/N Bage [rvieii
DLS A [T FsaEm — 08 — 027 — SU - 00059 — AA
PLS A [T University of the Internet
ST U Upper Left A-Arm
Length Density Sub Total
1 Steel, Alloy Spherical Bearing Cup - Bar 5 225 kg 506.0 20  THOEOE 5 0.178
4 =
Sub Total 5 0.178

~ NO Macnhining —
Install/Setup/Remov

Process Unit Cost Muilt. Val. Sub Total

Quantity Multiplier

1 Lathe - Turn, Rough Bearing Cup 0D 5 0.04 com*3 15.96 M1l - Steel is 1.52
e J 2 Lathe - Turn, Finish Bearing Cup OD 5 0.04 cm*3 T.98 Ml - Steel 35 0.96
3 Lathe - Face, Rough Bearing Cup Top 5 0.04 cm*3 10.13 Ml - Steel 35 122
4 Lathe - Face, Finish Bearing Cup Top 5 0.04 ocm*3 10.13 Mt - Steel 35 1.22
& Lathe - Turn, Rough Bearing Cup 1D 5 0.04 om*3 1.79 Mtl - Steel P 0.93
No Parting & Lathe - Turn, Finish Bearing Cup ID 3 0.04 ocm*3 4.4 Mtl - Steel ( )‘5 0.18
Operation 7 Assemble, 1 kg, Interference  Bearing into Bore 5 0.15 unit 1 — 0,19
8 Assernble; 1 kg Imerference Retaining Ring 5 0.19 unit 1 5 0,19
Sub Total 5 6,79
FiDy Fastener Use Size Unit Unit Cost Quantity Sub Total
3 Spherical Bearing Outboard 6.35 mm 5 6.21 1 5 6.21
4 Retaining Ring Spherical Bearing 17 mm 5 007 1 5 0.07
5

5 -

Sub Total 5 6,28

Unit Cost  Unit Sub Total

Quantity PVF

Sub Total & -

ISSIng
Steel




Cost Report Example
Parts & Tooling

Assembly Layout

Assembly Parts

Leg 1 Tube

Leg 2 Tube

Tube Inserts (machined & tapped)
Spherical Bearing Cup

Sheet Metal Gusset

Spherical Bearing

C-clip-type Retaining Ring

Rod End w/Jam Nut




Cost Report Example
Parts & Tooling

Assembly Layout
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Cost Report Example
Parts & Tooling

Assembly Report —
Materials

Assembly Layout




Cost Report Example
Parts & Tooling

embly Report —
Assembly Layout Processes

1 Lasthe - Tum, Aough

2 Lt - Tisrm, Finish

3 Lathe - Face, R Insert, T PP d Faoe
i Dwilled holes < 25.4° da Threaded lnaert




Cost Report Example
Parts & Tooling

ssembly Report —
Fasteners/Tooling

Assembly Layout




Cost Report Example
Parts & Tooling

ssembly Report —
Fasteners/Tooling

Assembly Layout




Cost Report Example

1 Sneel, Alioy Tubirg-5/8" 0 0035 250 0.
2 Sheel, Moy Tubing-5/F" x 0O15™ [ TI kg i@ 250 THNDE § 018
3 Sneel, Threaded mser - Bt Sock [T K% M TEESE 5 ouEl
4 Sneel, Aoy Thoresded inser - By Siok 5 LI5S kg 3.5 i TEEDE 5 oL
5 Shesl, Alioy Guwet - Sheet 5 IT5 g Asa o 1 TEEDE § ‘LK |
6 Seael, Alloy Spherical Baaring Cop - Bar ] 13 iy E T n TEEDE § 5]
o
Fo=b Tl BTOR

[ Procss ] Uit Lot Unit Creiritity  Whaltipller  Mul Vil b Totsl
1 Laiike - Tuen, Bough nser 0D o em®3 BO.74 ofel - Saeel 35 135
2 Latha - Fusn, Finkih insart, OO -] ood em*d S AT il - Sawel L] BAL
3 Lot - Fae 5 4 emtd 230 el - Seeel 15 ﬂJl|
4 Drilleg holes < 3547 @a Thaesdsd e -] DLF5 wnit 1 ot - Saeed 15 I..i
4 Tapprg Buie Thrradet 5 08 enit 1 e - Sawel [ 108
6 Lithe - Tusn, Ruisgh nserL DD L em*3 B0 74 et - Seeed 3 11
7 Latie - Tean, Finkh Ingerl. 0D - o gm*3 57 el - ol 3 e
B Latta - Facw, Anugh Inuart, Tappes Faow o4 3 30 i - Shel 1 028
9 Crilled holes < 154" da. Thieaded nsem 5 OLES wnin 1 i - Sheed 35 155 )
10 Tappeng Babes Tharsded inuer ¥ DFE wnit 3 A - el 15 L35
11 Shewl Metal Samping Guset - ool em*2 4.5 H 0.34
12 Sheet Metal Bend Giisser 5 OIS wnit 1 5 035
17 Tebe Cut Tubing 5 ool em 5.5ET g% |
14 Tibm Cut Tusbing ] ool em LAEY ﬂ.l:l.;.
15 Tules Ered Preg for Wekd Tubing 5 0TS e 4 300
16 Lathe - Tusn, Rough earing Cup OO 3 Lo cm*3 1506 W - el 1 183
17 Lathe - Tusn, Finkih Bearing Cup OO ] o4 em*3 b B [ 056
18 Ltk - Face, Rivigh Beifing Cb Top & Battedm 5 ] B0.13 ot - Sned 3 133
19 Lathe - Face, Finsh Bmaring Cup Top & Bottom -] obd em*d BOLAT et - Stwed i3 133
) Lathe - Tusn, Bough Bearing Cug D 5 b4 em*3 T fabel - Samel 15 I:I.'Ii.
H Latie - Tusn, Finsh Bearing Cug 0 5 ODd om*d A4 i - Seel 5 0.8 |
37 Wield - Rourd Tubing ke 5 01% om T 5 ] 04T
13 el - Bizurd Tubvng Tute 5 019 em 154 [] 047
4 Wl - Rsdird Tubing: Bearing Cu 1o Tube § 01% om 54 L]
15 Weld - Rourd Tubing Dearing Cup to Tubs 7 018 om FET] 046
% Wald Guuset 1% em T 108
. e o
S Tomal Had

1] Fasierer L Sire Ut Unit Cont  fuartity Torsl
|} Rt Trd, Precison [Aacraf) Inbogd From A5 mm § Tm b 76T |
2 Mod Erd, Precicn (Arcral)  inbosed Rear B35 mm [T ] L 702
1 Spherical Bramg Cuatbrnasd 635 mm [T 1 (¥
4 Retprng Fing Spern gl Bepting I mm § oo 1 [] 0g7
Piat, AN Jurm Nt 6.3% mm 43 a1 2 H o024

[]

[ -
Sh Total 4 FLETY
Vimiting Fidure Welding A-arm 4 L0000 pointi) [ woo ] 043
1 BebTowl 5081

A-arm is complete, removed from
fixture, but not yet installed onto
the vehicle



Cost Report Example
Parts & Tooling

Completed Assembly Assembly Report

1 Powet Tool <= 0UFS" Inboaird bodts
3 Beaction Tool <= 0B~ nboard bodt nuis
Durbeard boh incuded with ugight




Cost Report Example
Parts & Tooling

Completed Assembly

rors In the Costed
Assembly

Jam nuts do not include installation
steps

Hand — Start Only
Hand, Loose <=6.35 mm
Ratchet <=6.35 mm

Bearing cup and threaded inserts
require setup costs for the machining
operations

Machining Setup, Install and remove

If continuous feed is used (a-la-
machining centre), this needs to be
included as a note




Cost Report Example
Parts & Tooling

Completed Assembly

Review Points

Are the materials, processes,
multipliers, tooling, etc. correct?

Were any elements forgotten?

What assumptions have been made?

Do we have these written down to
backup/explain the flow?

Can any further evidence (visual or
otherwise) complement our work?

Engineering drawings, photos,
sketches
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Addenda

FSAE-A Cost Event
Overall Judging Process
Check-in & Introductions

Visual Inspection
Visual Inspection - Penalties
Real Case Scenario




Addenda

Addenda to the report can be taken into consideration to cover any
necessary changes made to the car.

These addenda:

¢ MUST be logged in at the same time as the team’s event
registration

DO NOT SUBMIT at time of judging!!!

¢ MUST be in the format prescribed by the rules (Appendix S-5)

¢ MUST have supporting evidence for all amended costs attached

Judges reserve the right to refuse any addenda which do not comply with the terms above.




Addenda

Key considerations:

¢

Items added to the Cost Report
via addenda will be costed at
1.25 times the tabulated cost

ltems removed from the Cost
Report via addenda will be
credited at 0.75 times the
tabulated cost

Judges will make the above
calculations as required, after net
cost change being verified at the
event (Visual Inspection)

AFFESDIX 5-5 FSAE COST EVENT ADDEXNDUM
B hisal: Car Namber:
(Please indicibe decreines wanly o keted sumbers )
Chigirml Mew Repored Tl Judge
Section Riepomed Toial Total Difference Irvriials
1
1
3
1
B
&
&
TOTAL VEHICLE
Seam piary oof i (Feresues lested ahorve [5 ] |3 | At
fulhe detanled Cosied Ball of hajerzl for changes
I
L
4
]
T
B
Accepmed by Entered by
i DT o

Aiddemdusin will be aecepled omb ol the line of Fegrtiation si-dte a1 the oompettion
These fisrms will then be forwmded 1o the cost judges the merrang of the et svenmt



FSAE-A Cost Event

Overall Judging Process

25 - 30 minutes

Check-in & Visual ' RealCase
Introductions Inspection | Scenario




FSAE-A Cost Event

Check-in & Introductions

Duration — 5 minutes

Introduce the team and the car, mentioning any noteworthy
features that may be of interest to the judges in the following
areas:

Trade-offs between content and cost based on performance of
parts/assemblies

Design for Manufacture and Assembly

Lean Manufacturing

Minimum Constraint Design

Any other special actions taken affecting the Cost Report

The introduction should only cover key notes; consider this an ‘ice breaker’ activity




FSAE-A Cost Event

Visual Inspection

Duration — 10 minutes

The judges have reviewed the submitted cost report prior to the event
Any issues and/or feedback for the teams will be presented at this point

This review is done to make sure that parts on the vehicle are correlate with the cost report and
that nothing has been added or changed since the cost report's publication

Key considerations:
¢ The quality in which you conduct yourself and respond to questions counts. Be professional!
¢ Use the Cost Report as submitted to SAE-A

Will be provisionally provided by the judges for the Visual Inspection, before being returned on a

permanent basis on Saturday/Sunday

¢ Be open to feedback and discussion on areas for improvement



FSAE-A Cost Event

Visual Inspection

¢ The secret is to know your cost report and your car well
Treat this as an explanation/justification exercise
Avoid flicking between pages!!
Practice before the event if necessary!

“So it is said if you know the tables and know your car, you will do well in
Cost.
If you know your car, but not the tables, you may or may not do well.
If you know neither your car nor the tables, you will do quite badly.”

Adapted from Sun Tzu's ‘The Art of War’



FSAE-A Cost Event

Visual Inspection - Penalties

¢ Penalties regarding report ‘errors’ are not applied until after they are verified at
the visual inspection

¢ Two methods to calculate penalties
Fixed Point
Adjusted Cost

¢ No penalty applied when values are over-estimated
Self-penalising!

¢ In addition to the penalty process, correlation between the Cost Report and the
vehicle presented may be extended to an overall evaluation

¢ Judges will use discretion when applying penalties, which will largely depend on
the magnitude of error made



FSAE-A Cost Event

Visual Inspection - Penalties

FIXED POINT PENALTIES: Description Penalty
Value

¢ Points deducted from Accuracy Missing/Inaccurate _
. 1 point

Score Material, Process, Fastener, .

Tooling

¢ Most penalties will be of the o 3 points

Fixed Point method Missing/Inaccurate Part each
Missing/Inaccurate 5 points

Assembly each

Five ME fasteners listed, six used — 1 pt.
Three kilograms of steel listed, 4 4 used - 1 pt.

Bearing carrier face machined, mill cperation not included — 1 pt.
Installation labor for steering wheel missing — 1 pt.

Upright cost as cast but actual part billet machined — 3 pt.
Pneumatic shifter not included on BOM — 5 pt.

| Examples:



FSAE-A Cost Event

Visual Inspection - Penalties

ADJUSTED COST PENALTIES:

é

é

An adjusted ‘penalty’ cost added to total cost of vehicle

Used where the Fixed Point Penalty would not penalise teams enough for

missing bigger items or distort other teams’ cost relationships and their
points allocation

i.e. Teams are actively discouraged from ‘forgetting’ whole assemblies and
systems, copping a fixed point penalty

Where a table cost cannot be determined in a timely manner, a judge may
use the table cost of a similar vehicle into the penalty formula

Penalty Method B — Adjusted Cost Deductions
The altermative penalty will be calculated using the following equation:

Penalty = 2 x (Table Cost — Team Reported Cost)




FSAE-A Cost Event

Real Case Scenario

Duration — 10 minutes

Students are to respond to a challenge relating to the cost and/or manufacture of the car. The challenge will be advised in
the lead up to the event via email to team leaders and a copy uploaded to the SAE-A website.

Key considerations:

é

Weighted trade-off tables are often a powerful tool to choose between design proposals
Consider the flow-on effects to interacting parts/assemblies

Consider the flow-on effects of vehicle attributes as a result of the change
Marketability
Performance — subjective & objective

The final recommendation from this task may not be the same as what is fitted to the vehicle at competition — there is
no ‘right’ or ‘wrong’ answer

Use as many (realistic) assumptions as required, to right-size the amount of effort to complete the task



FSAE-A Cost Event

Real Case Scenario

Note

¢ The Real Case Scenario is not a discretionary low-value
activity
It should be regarded as an integral and major part of the event
It is an opportunity for teams to demonstrate their critical
thinking abilities and approach to cost minimisation or other
special activity

Additionally, it provides an insight to real problems you’ll encounter
In industry, including what management will expect you to
consider when making a recommendation!
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Dos and Don’ts

DO

Consider the legibility of the report

Know the published materials (rules,
supp. regs., cost tables, templates)

Break down every step as far as
possible

Consider your BOM breakdown and
how it cascades at each step

’

Include as many supplementary ‘visual
aids as possible

Submit addenda at on-site registration

DON’T

Lose track of submission deadlines
Use comb binders!

Oversimplify steps in part/assembly
breakdown

Forget to use Process Multipliers,
Machining Install/Remove, etc.



And Last But Not Least

DO START EARLY!

There is *BARELY* enough time for cost report if you start
early!
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