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Boothroyd Dewhurst, Inc.
• Methodology & databases developed in late ‘70s with Nat’l. Science 

Foundation funding
• BDI formed in 1980, first software released in 1983
• Market leader for over three decades, helped by industrial research & 

user-feedback
• Software in use by more than 850 industrial corporations
• 1991 National Medal of Technology Recipients

“For their concept, development and commercialization of Design for 
Manufacture and Assembly (DFMA), which has dramatically 
reduced costs, improved product quality and 
enhanced the competitiveness of major U.S. 
manufacturers.”
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Three Main Uses of DFMA
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Product development

DFMA can be used throughout the entire  Product 
Development Process

•Early Product Costing
•Competitive product benchmarking
•Concept / Process selection
•Creation of time standards
•Assembly Instructions
•Deign Simplification
•Cost reduction
•Quality
•Vendor quote verification
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Trend Line Analysis 

Tractor example

$/HP 42 Inch Cut Lawn Tractor

y = 2.78x + 29.84
R2 = 0.9876

80
81
82
83
84
85
86
87
88
89

18 19 20 21 22

Horsepower

$/
hp

. $/HP

Linear ($/HP)

6



Boothroyd Dewhurst, Inc.
7

Trend Line Analysis 

$/HP 42 & 48 inch cut lawn tractors

y = 2.4787x + 43.107
R2 = 0.9997

y = 2.78x + 29.84
R2 = 0.9876
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Trend Line Analysis 
• Next steps:

• Break lawn tractor into major subassemblies

• Project trend lines for each major subassembly

• Next level is to break down material content of each 
major subassembly, to incorporate material trends. 

Best paper on topic is “Controlling New Product 
Cost Through Trend Analysis” by Terry Ayer 
Teradyne, Inc. May 2004  B&D conference 
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Product development
DFMA can be used throughout the entire  Product 
Development Process

•Early Product Costing

•Competitive product benchmarking
•Concept / Process selection
•Creation of time standards
•Assembly Instructions
•Deign Simplification
•Cost reduction
•Quality
•Vendor quote verification
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Product Benchmarking
Building better products requires a good comparative 
perspective about other companies to gain insight into 
other sources of outstanding performance 

Product Development Performance

Kim Clark & Takahiro Fujimoto
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Definitions 
• Benchmarking 

– Is the continuous process of measuring products,services and 
practices against the toughest competitors or those recognized as 
industry leaders.

• Competitive Intelligence
– Is the process of gleaming and combining disparate information 

about a competitor in order to deduce its objectives.

• Reverse Engineering
– Is the systematic dismantling of a product to understand its 

technology with the purpose of replication.
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Tape Measures
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DPV
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Retractable Erasers
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A Comparison of 1U Servers 
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What's inside
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Function Cost Comparison

Cost % of Total Cost % of Total
Cooling $14 0.9% $9 0.5%
CPU $675 42.6% $189 11.2%
Disk $215 13.6% $281 16.6%
Enclosure $50 3.2% $93 5.5%
I/O $235 14.8% $187 11.0%
Memory $274 17.3% $410 24.2%
Power $86 5.4% $52 3.1%
System $17 1.0% $428 25.3%
Pkg/Doc/SW $19 1.2% $42 2.5%
Total $1,585 $1,691

Sun Netra t1 IBM NetInfinity 4000R
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Things you can find 
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Don’t have to Buy to Look

Often service manuals, product reviews provide 
excellent reference material with enough detail to 
calculate costs.
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Product development

DFMA can be used throughout the entire  Product 
Development Process

•Early Product Costing
•Competitive product benchmarking

•Concept / Process selection
•Creation of time standards
•Assembly Instructions
•Deign Simplification
•Cost reduction
•Quality
•Vendor quote verification
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Traditional Concept Selection of Design 
Alternatives

GUIDELINE 
 
 
Avoid complex bent 
parts (material waste); 
rather split and join 
 
 

WRONG 
 

RIGHT 

(a) Misleading producibility guideline for the design of sheet metal parts 

Set-up 
Process 
Material 
Piece part  
Tooling 
Total manufacture 
Assembly 
Total 

        0.015 
        0.535 
        0.036 
            0.586 
            0.092 
                0.678 
                0.000 
                    0.678 

        0.023 
        0.683 
        0.025 
            0.731 
            0.119 
                0.850 
                0.200 
                    1.050 

 (b) Estimated costs in dollars for the two examples if 100,000 are made 
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Locomotive fab to cast example

• DFMA estimate $25
• Assembly time 0 sec
• Expected Price $35Annual Savings = $261k

• DFMA estimate $84
• Assembly time 1384 sec (23 min)
• Current price $209

6 Parts
‘ cost estimate’

1 Part
‘could cost’
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Design improvement example

START:
• 3 parts
• Requires a 

screwdriver
• Needs 

careful 
alignment

• Time-
consuming

• 3 parts
• Requires a 

rivet gun
• Alignment 

not as 
delicate

• Assembly 
time less

• 2 parts
• Integrated 

fastener & 
cradle (A 
becomes B)

• Requires 
machine to 
secure the 
head of the 
fastener

• 2 parts
• Integrated 

fastener & 
cradle 

• Requires 
machine to 
press part 
into place

FINISH:
• 2 parts
• Integrated 

fastener & 
cradle

• Can be 
hand-
pressed into 
place—even 
by end 
consumer—
and can be 
removed

A

B

32
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Concept / Process selection 
Machined  as designed $780- 975 each

Machined  Design changes      $455-650  each
(DFM) 

Investment cast/ CNC $135 each

Metal Injection Molded            $160 each 
/ CNC 

33
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Product development

DFMA can be used throughout the entire  Product 
Development Process

•Early Product Costing
•Competitive product benchmarking
•Concept / process selection

•Creation of time standards
•Assembly Instructions
•Deign Simplification
•Cost reduction
•Quality
•Vendor quote verification



Boothroyd Dewhurst, Inc.
35

Time Standard Project

The Challenge 

• Needed six time standards in under two weeks

• Update legacy time standards.

• Create new product time standards.

• Low cost and quick creation time
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Compaq Time Standard Project
Alternative methods
• MTM, MOST,Lucas,Westinghouse 
method,Assembly View,SEER,LASeR,XPI….
• When evaluated against time, $$, training, 
software investment.

Chose B&D
• Established tool for assembly operations
• Some flexibility to capture non assembly 
operations
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DFA Customized Operation Libraries
DFMA Libraries are a storage mechanism for 
customized-operations.
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B&D Design Analysis B&D Time Standard Tool
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Calculator Build
Standard Calculator build Complete assembly

creation time standard time Kit, build, test, pack
(minutes) (minutes) (minutes)

B&D Standard tool 19.94 1.40 3.93
MTM 48.15 1.31 3.54

Time study AVG. - 1.78 4.42
Time study A - 1.80 4.58
Time study B - 1.85 4.34
Time study C - 1.70 4.33
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Historical Statistics
Creation Time Historical Results

B&D tool Historical 3 - 1*
MTM-UAS 10 - 1
Most 10 - 1**
MTM-1 40 - 1**

* Historical data based on total number of systems analyzed over 8 months.
** Historical data: Zjell B. Zandin Most work measurement Systems Book, Marcel Decker Inc. Copyright 1990 pg.14

Process Time Historical Results
B&D standard tool accuracy with generic macros 
to within 5-15% of MTM-UAS times.



Boothroyd Dewhurst, Inc.41

Product development
DFMA can be used throughout the entire  Product 
Development Process

•Early Product Costing
•Competitive product benchmarking
•Concept / Process selection
•Creation of time standards
•Assembly Instructions
•Deign Simplification
•Cost reduction

•Quality
•Vendor quote verification



Boothroyd Dewhurst, Inc.42

Design for Assembly
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Quality Assessment 
Conclusions

 For many corporations part variability is no longer the 
quality issue; quality problems arise mainly in 
assembly 

 Assembly quality problems seem to correlate strongly 
with assembly difficulties

 The key to quality improvement is to reduce both the 
number of assembly steps, and the average time per 
operation

Source Dr. Peter Dehewhurst URI.
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Mistake-proofing achieves superior 
results, faster, and with less efforts.
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Quality Prediction 

Design for Assembly
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Product development

DFMA can be used throughout the entire  Product 
Development Process

•Early Product Costing
•Competitive product benchmarking
•Concept selection
•Creation of time standards
•Assembly Instructions
•Design Simplification
•Cost reduction
•Quality

•Vendor quote verification
•Estimate hard tooling
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DFMA Example-Comparing Estimates 
Against  Vendor Quotes

B&D Estimates Against Actual Quotes

•Item Description QTY Cost B&D Estimate
• DOOR,                                     1             $22.34              $9.40
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DFMA    Example-Vendor Quote
Item Description QTY Cost B&D Estimate

DOOR, 1            $22.34                $9.40
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DFMA  Example-Data Collection for 
estimate refinement

• Questions were asked to gather further information

• Material parameters and material cost from vendor, 
tonnage machine, and process information. 

• PTA $7.35/lb     GE $7.65/lb  PTA is passing their material 
cost saving.

• New Plastic Material database created

• The cost estimate was revised using the above information. 

• New B&D estimate is  $23.30  VS.  Vendor Quote $22.34  
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Regression Analysis
Total Weight to Metal Only Material Charge

Vendor Material Cost vs Total Metal Weight

$0.00

$0.50

$1.00

$1.50

$2.00

$2.50

$3.00

$3.50

0.00 0.50 1.00 1.50 2.00 2.50 3.00

Total Metal Weight in kg

Ve
nd

or
 M

at
er

ia
l C

os
t Vendor A

Regression Line

Regression Coefficient

r2 = 86.9%

Zero Crossing Slope

$1.026/kg

Standard Error

$0.228/kg

 Indicates Strong Correlation

Based on believed market rates = a material adder of 30-40%
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• Elements of Cost
 Assembly Costs
 Material Costs 
 Set-up Costs
 Process Costs
 Rejects
 Tooling, Jigs, & 

Fixtures

Supply Chain Transparency
Price

 Overhead
 Profit
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• Focusing solely on part costs will do nothing for 
system reliability

• Focusing on the functional requirements of the 
product leads to 
– overall product architecture analysis
– designs with fewer parts and therefore lower total cost
– improved inherent quality & reliability
– quicker time to market

The bottom line – Why DFMA?
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What is the best part of all ?     

53



Boothroyd Dewhurst, Inc.

The one that is not THERE ! 

85 % Part count reduction
75 % Assembly time 
reduction
44 % Reduction in labor 
cost
65 % Fewer suppliers
No assembly tooling
No fasteners
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• The way to reduce costs is to simplify product structure
– Looking at a part and asking how it can be made cheaper isn’t going 

to work
– Reducing product features and decreasing part quality is not cost 

reduction and does not work in the long run
– The “D” in DFMA is for “Design”

• Creating multifunctional parts is ‘where it’s at’!
– Costs drop
– Quality increases
– Your customer doesn’t view it as you ‘cheapening’ the product
– DFMA is the only methodology and product that does this

The bottom line – Why DFMA?
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A 
Big 

Secret 
56
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How to get rid of parts 
Theoretical Minimum Part Count  
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Understanding and answering the 
minimum part criteria questions

Motor Case Study
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Agenda
• What is the minimum part criteria

• How do you answer the questions

• Practical application on sample product

• Results of its application (examples before/after)

• Reviewing the results

• The complete picture (full DFA Analysis)

• Where costing alone leaves you 

• What does reduced part count mean

• Conclusion

59
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Typical Product Cost Breakdown

Copyright Boothroyd Dewhurst, Inc. 2014 60
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• Purpose:
– Examine each part for the possibility of 

elimination or combination with other parts in 
the product

– Maximize opportunity for innovation

• While examining parts:
– Don’t consider technical or economic 

limitations
– Evaluate with respect to all parts already 

assembled

The Minimum Part Criteria
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Candidate for 
Elimination

Theoretically 
Necessary

Candidate for 
Elimination

Minimum Part Criteria
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• Separate fasteners are always candidates for 
elimination

• An integral fastening arrangement is always 
theoretically possible

Fastening or securing
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reduced cost

• Connectors are always candidates for 
elimination

• The connected items could theoretically be 
combined to eliminate the connector

Connecting other items
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• In any given product or assembly, there can be 
only one base part
– Chassis
– Frame
– Encasement

• In theory, all other parts can be combined 
with the base

Base Part

65
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piston

assembly base

Consider only large movements that cannot be 
accommodated by integral elastic elements

Relative Movement
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sensor

base

Consider only fundamental material properties 
such as electrical conductivity or light permeability

Different Material
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cover

Combining cover with base would make 
assembly of necessary items impossible

Assembly of Necessary Items

68
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Minimum Part Criteria - Application
• First of all this is NOT a DFA analysis

• What is the assembly sequence for the product

• Once sequence is established answer the questions

• Work from the assembly drawing

• Remember the right mind set to answer these 

questions is from the perspective of some 

theoretical redesign of the product

• Include any required operation steps
69
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Motor Assembly Drawing

70
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Minimum Parts Worksheet
Name Qty Minimum Part Criteria
Base 1 Base
Bushings 2 None
Motor 1 Movement
Motor screw 2 Fastener
Standoff 2 None
Sensor 1 Material
Set screw 1 Fastener
End plate 1 Assembly
End plate screw 2 Fastener
Grommet 1 None
Reorientation 1 None
Feed Wires 2 None
Cover 1 None
Cover screws 4 Fastener

Total 22 4 meet theoritical minimum
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DFA Index
A simple measure of ease-of-assembly, or assembly efficiency, 

using a 0-100 scale to give a comparative metric. 

Assembly time of ideal design

Assembly time of current design

T x NM

TA
=

T = Average time per DFA part
NM = Theoretical Minimum No. of Parts
TA = Assembly Time

“the DFA Index is a useful way of comparing actual designs 
with what we ideally should aim for”

= x 100

*This is the calculation for the simplest case of the minimum part criteria where we have a small assembly and a small part. 
The calculation changes for large parts and large assemblies

*
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• We have seen how we can question the need 
for parts being separate

• What impact does this have on various areas 
of the product?

• What happened to the overall cost?
• Are time and quality impacted?

Minimum Part Results
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Where is the cost in this product?

motor

2 motor 
screws

sensor

2 standoffs -
steel - machined

cover - sheet
steel - welded 4 small

screws

base - machined
aluminum

bushing - plastic

end plate -
sheet steel

2 bushings -
powder metal - brass

set screw

2 small screws
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Motor BOM

Category Part Name Qty Part Num Item Cost ($) Supplier
Purchased Items

Motor 1 616-BDI-03 12.55$              ACME Motor
Sensor 1 109-BDI-03 1.58$                Sensor-Rama
Plastic Bushing 1 279-BDI-03 0.22$                Bushings R Us
Brass Bushings 2 643-BDI-03 1.53$                Bushings R Us

Manufactured Items
Motor Base 1 074-BDI-03 16.38$              USA Machine 
Standoffs 2 012-BDI-03 4.87$                USA Machine 
End Plate 1 257-BDI-03 1.44$                Joe's Sheetmetal
Cover 1 753-BDI-03 2.08$                Joe's Sheetmetal

Hardware
Cover Screws 4 975-BDI-03 0.03$                Fasteners, Inc.
End Plate Screws 2 123-BDI-03 0.03$                Fasteners, Inc.
Motor Screws 2 245-BDI-03 0.05$                Fasteners, Inc.
Set Screw 1 097-BDI-03 0.03$                Fasteners, Inc.
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Motor BOM – with should cost

Part Name Qty Part Num Item Cost ($) Should Cost Supplier

Motor 1 616-BDI-03 12.55$              12.55$              ACME Motor
Sensor 1 109-BDI-03 1.58$                1.58$                Sensor-Rama
Plastic Bushing 1 279-BDI-03 0.22$                0.19$                Bushings R Us
Brass Bushings 2 643-BDI-03 1.53$                1.23$                Bushings R Us
Motor Base 1 074-BDI-03 16.38$              13.45$              USA Machine 
Standoffs 2 012-BDI-03 4.87$                1.12$                USA Machine 
End Plate 1 257-BDI-03 1.44$                1.22$                Joe's Sheetmetal
Cover 1 753-BDI-03 2.08$                1.10$                Joe's Sheetmetal
Cover Screws 4 975-BDI-03 0.03$                0.03$                Fasteners, Inc.
End Plate Screws 2 123-BDI-03 0.03$                0.05$                Fasteners, Inc.
Motor Screws 2 245-BDI-03 0.05$                0.03$                Fasteners, Inc.
Set Screw 1 097-BDI-03 0.03$                0.03$                Fasteners, Inc.
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Motor BOM – sorted

Part Name Qty Part Num Item Cost ($) Should Cost Delta
Standoffs 2 012-BDI-03 4.87$                1.12$                3.75$                
Motor Base 1 074-BDI-03 16.38$              13.45$              2.93$                
Cover 1 753-BDI-03 2.08$                1.10$                0.98$                
Brass Bushings 2 643-BDI-03 1.53$                1.23$                0.30$                
End Plate 1 257-BDI-03 1.44$                1.22$                0.22$                
Plastic Bushing 1 279-BDI-03 0.22$                0.19$                0.03$                
Motor 1 616-BDI-03 12.55$              12.55$              -$                  
Sensor 1 109-BDI-03 1.58$                1.58$                -$                  
Cover Screws 4 975-BDI-03 0.03$                0.03$                -$                  
End Plate Screws 2 123-BDI-03 0.03$                0.03$                -$                  
Motor Screws 2 245-BDI-03 0.05$                0.05$                -$                  
Set Screw 1 097-BDI-03 0.03$                0.03$                -$                  
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• This helps us save money quickly but its 
limited

• Helps us focus on where the most cost savings 
might be (without changing the design)

• Influence of design changes through the min 
part criteria can have bigger impact

Traditional Cost Reduction Focus
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Influence of Design on Supply Chain

motor

2 motor 
screws

sensor

2 standoffs -
steel - machined

cover - sheet
steel - welded 4 small

screws

base - machined
aluminum

bushing - plastic

end plate -
sheet steel

2 bushings -
powder metal - brass

Set screw

2 small screws
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Motor Product Simplification

motor

2 motor 
screws

sensor

small screw

base - nylon

cover -
injection molding
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Motor BOM – Design Change

Part Name Qty Part Num Item Cost ($) Should Cost Supplier

Motor 1 616-BDI-03 12.55$              12.55$              ACME Motor
Sensor 1 109-BDI-03 1.58$                1.58$                Sensor-Rama
Motor Base 1 074-BDI-03 16.38$              13.45$              USA Machine 
Cover 1 753-BDI-03 2.08$                1.10$                Molds R Us
Motor Screws 2 245-BDI-03 0.05$                0.03$                Fasteners, Inc.
Set Screw 1 097-BDI-03 0.03$                0.03$                Fasteners, Inc.
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Results
• 63 percent reduction in parts
• 4 suppliers removed from supply chain
• 63 percent reduction in detail drawings
• 74 percent reduction in assembly time
• Equal reduction in labor cost

And let’s not forget….

46% Reduction in Total 
Cost of the product
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• This was NOT a design for assembly analysis
• Traditional cost reduction efforts are limited
• The design of the product, if questioned, can 

unlock tremendous potential
• Fewer parts means

– Less material to order
– Less inventory
– Fewer drawings
– Fewer things to change

• Reducing part count influences much more than 
cost

Conclusions
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Food for thought

Would ‘Lean’ or other process improvement metrics be the best approach to improving 
the product on the left or would we be better off looking at DFMA first then applying 
‘Lean’ and other process techniques to the product on the right?

DFMA
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DEC Workstation Mouse

The ball-free mouse was developed by Digital as a result of 
DFMA studies on their traditional, existing design

Ball Free Workstation Mouse

Assembly time 72% less
Part count down by 50%
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Intier Automotive Seating
• Part count 105 to 68

• Concepts of around 19 
parts were identified for 
future R & D

• Assembly time down 
1445 to 258 seconds

• Coordinated strategy of 
DFA & VA-VE in multi-
disciplined design teams 
basis for on-going success
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Dell, No New Factories – 1990's

Redesigning the Optiframe® chassis saved 
$15 million in Labor alone

The company saved millions more by increasing throughput and 
thus postponing facility relocations that otherwise would have 
been required to boost manufacturing capability.

Project Goals
 Reduce part count 17%

 Reduce assy time 25%

 Reduce fastener types 67%

 Reduce service time
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Results:
• Over 50% part count reduction
• Over 75% assembly time reduction
• Factory output quadrupled without 

additional floor space
• Better design allows for:

– Tighter tolerance cutting
– Unit cuts as fast as some 200 amp units
– 2/3rds less operating cost per unit
– 1/10th warranty costs of predecessor
– Doubled annual sales
– More reliable unit

• $5 million savings in first 24 months 
alone

Case Study – Hypertherm HPR130 Plasma Cutter 
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 Labor Costs . . . . . . . . . . . . . . . . . . . . . 42%
 Part Count . . . . . . . . . . . . . . . . . . . . . . 54%
 Separate Fasteners  . . . . . . . . . . . . . . 57%
 Weight . . . . . . . . . . . . . . . . . . . . . . . . . 22%
 Assembly Time . . . . . . . . . . . . . . . . . . 60%
 Assembly Cost  . . . . . . . . . . . . . . . . . . 45%
 Assembly Tools . . . . . . . . . . . . . . . . . . 73%
 Assembly Operations .  . . . . . . . . . . . . 53%
 Product Development Cycle . . . . . . . . 45%
 Total Cost  . . . . . . . . . . . . . . . . . . . . . . 50%

Average reductions in DFMA cases
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Engineering:
 Speed to market: Fewer engineering changes 
 Better use of time: Engineering spends more time 

making products manufacturable, less time making 
changes to products during manufacturing phase

 “Lessons library”: Changes are documented; can be 
analyzed and improved

 Improved creativity: Engineers can focus on what 
they do best: exploration and innovation—using a 
very sophisticated “what if” tool

Organizational benefits of DFMA
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Manufacturing:
 Manufacturing contributes more to design: DFMA 

promotes earlier involvement of manufacturing in 
design, takes advantage of manufacturing 
knowledge

 Improved efficiency: Unnecessary steps, tools, and 
parts are designed out of the production process

 Speed to market: Products are produced more 
quickly due to streamlined manufacturing processes

Organizational benefits of DFMA
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Management:
 Improved cross-team cooperation: Provides metrics 

for discussion, tools for concurrent engineering 
 World-class product development and 

manufacturing: Product design and production is 
more structured, measurable, efficient

 Reduced cost: Products cost less to manufacture 
(fewer tools, fewer parts, fewer steps, best 
materials)

 More competitive: Marketing staff and salespeople 
have a better product to take to market and a more 
compelling story

Organizational benefits of DFMA
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• Determine the least expensive method for producing a 
high-quality product, at the design stage

• Hold suppliers accountable, using industry-standard 
data and process alternative analysis

• Give engineering and manufacturing teams the tools 
they need to optimize their efforts

• Simplify assembly, cutting costs while boosting output 
and streamlining logistics

Top companies depend on DFMA to...
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Please join us next year at the 2015 
International Forum on Design for 

Manufacture and Assembly

June 2nd and 3rd 2015

Thank You!
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