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Where do great designs come from ? 

Throughout recorded history there have 
been individuals that where great 
engineers, designers, project leaders, true 
visionaries. 
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Widely credited with the invention of the telephone 

Hydrofoil HD-4 in 1919  speed 
record of 114Km/hr.  Record stood 
for several decades

Tetrahedral 
kites

Photo 
Phone 



The devil is in the details  
-Ludwig Mies van der Rohe 

The details are not the details. They 
make the design.
- Ray & Charles Eames

Quotes:
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Kelly Johnson  famed aeronautical 
& system engineer. Credited with 
designing over 38 major aircraft in 
his lifetime including the P-38 , 
Kingfisher, most famously SR-71 
Blackbird and U2 spy plane 

His colleagues  claimed he could 
see “air”



Engineering History trivia 
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Engineering History trivia ?

The first recorded patent for an industrial 
invention was granted 
When  

OR 

to Whom 
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Fillippo Brunelleschi 1377-1446   
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• Patent granted 1421
• Credit with rediscovery 

of linear perspective 
• One of the founders of 

the renaissance 



So if you are not one of the great 
designers of time how do you get a 
great design ?
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First  a history lesson 
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The resulted was a methodology and modular 
software tool that is customizable, easy to use, and 
capable of being used during the entire Product 
Development process
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Product Design and Development  Eppinger & Ulrich  5th edition 



The application of the methodology and software 
tool can be applied:
• Bottoms up 
• Top down 
• Subassemblies
• Single Parts
• Labor
• Quality Prediction
• Cost Estimates
• Almost anything you can think of …….
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A couple of prerequires:
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Product Development Design Process
• A high Quality new product development process
• A clear well communicated new product 

development strategy
• Adequate resources
• Senior management  commitment to new 

products
• An entrepreneurial climate
• Senior management accountability 
• Strategic focus and synergy
• High quality development teams
• Cross functional teams

Source: Benchmarking the firm’s Critical Success Factors in New Product Development Robert 
G. Cooper and Elko Kleinschmidt, Journal of Innovation Management, 1995 12: 374-391
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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
•Deign Simplification
•Cost reduction
•Quality
•Vendor quote verification
•Estimate hard tooling
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Typical Product Cost 
Breakdown

Labor
4%

Overhead
24%

Part Costs
72%

, 
Source : The True Cost of Oversea Manufacturing June 2004 N. Dewhurst &  D. Meeker



Define Levels of Cost Analysis

Level 1 - A first impression by knowledgeable engineers of 
what a part , assembly or system would cost based on prior 
experience. (parametric)

Level 2 - An estimation based on prior experience with similar 
products, budgetary estimates, vendor quotes and expert 
opinion and experience. ( analogy)

Level 3 - Detailed costing of every part accomplished by using 
material cost estimation data bases, and time/motion studies.   
A high degree of accuracy is achieved by comparisons to 
industry standards and vendor quotes. (analytical)
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Trend Line Analysis 

Tractor example

$/HP 42 Inch Cut Lawn Tractor

y = 2.78x + 29.84

R2 = 0.9876
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Trend Line Analysis 

Tractor example

$/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 selection
•Creation of time standards
•Assembly Instructions
•Deign Simplification
•Cost reduction
•Quality
•Vendor quote verification
•Estimate hard tooling
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Product Benchmarking

Only the Paranoid Survive”

Andy Grove

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



DPV



25

Product Data



A Comparison of 1U 
Servers
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Whats 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 selection
•Creation of time standards
•Assembly Instructions
•Deign Simplification
•Cost reduction
•Quality
•Vendor quote verification
•Estimate hard tooling



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 

Source: B & D  example 



Cost Estimating Example 
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• Machining estimate

• Machining estimate with 
recommendations

• Alternative manufacturing 
methods 



Machining issues 
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Machining Estimate 
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Alternative Methods Estimates (investment cast)
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Alternative Methods Estimates (Metal Injection Molded)

37
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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
•Deign Simplification
•Cost reduction
•Quality
•Vendor quote verification
•Estimate hard tooling
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Time Standard Project

The Challenge 

•Needed six time standards completed 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.
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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
•Deign 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
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$1.00
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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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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
•Deign Simplification
•Cost reduction
•Quality
•Vendor quote verification
•Estimate hard tooling
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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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Biggest bang for the buck 
Theoretical Minimum Part 
Count (TMPC)



How to get rid of parts 

Theoretical Minimum Part Count  
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Questions that Should Be Asked but Aren’t   Cris Tsai & David Meeker  31 DFMA forum June 2016 
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Cautionary Note - Pitfalls

•DFMA is oversold  and early results 
do not materialize

•Poor selection of projects to 
implement the process on

•The champion gets promoted and 
things die

•Didn’t renew the software

•Doesn’t become part of the culture
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Digital Corporate Mouse

Old New

Part count 61 44

Mechanical 31 16      

Electrical 28 30

Assm. Time 17 min. 6

Assm. Oprs. 83 56

Adjustments 11 0

Fasteners (3 types) 10 0

Material Cost Reduction >40%



Case Study

Respironics BagEasy III

• 84% reduction in assembly time

• 65% reduction in the number 
unique parts

• 81% reduction in assembly 
operations 

• 6 patent applications





Day-month ring

Bridge

Date ring

Motor stator

Motor coil

Stem wheel

CMOS   chip

Battery

Battery hatch

SWATCH



SISTEM51 is 100 percent Swiss made and features an 
exceptional 90 hour power reserve. Hermetically sealed within its 

case, the 3 Hz movement delivers precise, long-lasting, 
maintenance-free performance.

There is much to explore in this intriguing new world. 
Unprecedented technological innovation (17 pending patents) 

enabled the development, in less than two years, of a self-
winding mechanical movement with only 51 parts in five 

modules.
Design has only 

one screw !

Mechanical 
Chronograph 



NCR 2670 Point of Sales Terminal

85 % Part count reduction
75 % Assembly time reduction
44 % Reduction in labor cost
65 % Fewer suppliers
No assembly tooling
No fasteners
$1.1 Mil. dollars lifetime labor 
savings
1/3 Mfg. floor space saved



Design for Assembly DFA

“Perfection is reached not when there is 
no more to add but when there is no 
more to take away." 

Antoine de St. Exupery 
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