
 

Title:  Questions that should be asked but aren’t  
 
Authors: 
Chris Tsai 
Boothroyd Dewhurst, Inc. 
ctsai@dfma.com 
 
David Meeker   
Neoteric Product Development  
meeker@mit.edu 
 
Abstract:  
The classic product development triumvirate focuses on cost, quality, and time to market.  
Almost all programs measure and track these factors.  Unfortunately, the root causes of these 
“factors” are often ignored until a problem arises at which point the question becomes, “Which 
factor do you care most about and why can’t we have all three”? 
 
This paper and presentation will focus on the questions that should be asked as a product goes 
from concept to production, but typically are not.  Most design reviews focus on function, 
what’s working and what’s not, and getting the product out the door. Questions regarding part 
count, theoretical minimum part count (TMPC), and use of multi-functional parts are typically 
never asked in the head long rush to market.  Yet these factors significantly influence quality, 
reliability, unit manufacturing cost, manufacturability, and country of manufacture to name but 
a few.  

 

Setting The Stage   

In the 1970’s manufacturers discovered the need for peripheral equipment feeders and 
grippers to present parts so that a robot could place them appropriately in the product 
assembly. Boothroyd and Dewhurst did pioneering work in assembly automation in product 
design which included the analysis of parts for automated feeding. (Boothroyd, 1991) As the 
robotic revolution faded in the United States, design for manufacturing and assembly 
(DFMA) analysis shifted to the analysis of an entire product and its constituent parts and 
subassemblies. Because the majority of a product’s final cost stems from the cost of its 
materials, it stands to reason that the easiest way to reduce cost is to eliminate 
parts/subassemblies.1    The DFMA process can add value in a number of ways including 
early product costing, competitive product benchmarking, the creation of time standards, 
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material selection, quality improvement and vendor quote verification, but part count 
reduction produces the greatest cost reduction.2 3 

Why is part count reduction so important?  

Product design, specifically its resulting part count, generally determines a product’s cost 
and influences its quality.  Consider the life cycle of a part in the manufacturing 
process.  The design engineer’s concept deems a part as critical.  An engineer creates a CAD 
model of the part, assigns a part number and places it in the ‘system’ by adding it to the bill 
of materials (BOM).  The engineer’s drawing specifies the part’s dimensions with 
appropriate tolerances needed for the product to function as desired.  These are checked 
(hopefully) and signed off on by a senior team member.  The purchasing department then 
sends the part’s drawing to suppliers for price quotes in order to select a supplier. Then the 
production of the part begins. The supplier creates the part and deals with manufacturing 
issues.  The company receives the part, also inspects it and then lists the part as inventory, 
placing it on a shelf in the warehouse.  The assembly line retrieves the part, moves it to an 
assembly station and then finally an assembly worker installs it into the product.  This 
process happens hundreds or even thousands of times, depending on the company and the 
products that it produces. 
 
 Just take a few minutes to think about the time, and ultimately the cost, that one part in a 
product generates.  Examined in such detail, one wonders why the obvious question, “Is the 
part actually required?” is not asked first.  This life cycle of one part generates considerable 
cost and it is the reason that applying DFMA to part count reduction is vital to the success of 
a product.  Ultimately, the design of a product controls the majority of a product’s cost and 
once implemented, cost savings are difficult to achieve.  Given what is at stake, it is hard to 
understand why techniques available to help part count reduction are not a normal part of 
how product design is done.  Putting a number on the true cost of a part requires looking 
beyond material and labor costs; it requires adding costs from a number of disparate cost 
centers.  Companies need to document what it truly costs to own their part numbers.   
 
The Parts Standardization and Reduce Program Costs through Parts Management is a 
consulting study by Convergence Data Services Inc. that documents the cost of adding a 
new part into the inventory results from six program areas: engineering and design, testing, 
manufacturing, purchasing, inventory, and logistics support. Table 1 summarizes these 
average costs by program activity. While it is possible that in some cases the added costs of 
adopting a unique part design could be offset by lower manufacturing or purchasing costs, 
such choices should be justified and carefully documented. 4 

                                                           
2 Meeker, David. “DFMA a multifunctional Analysis Tool”  The 22nd  International Conference on DFMA Warwick, RI 
June (2007) 
3 Special thanks to Dr. Luanne Isherwood for comments and suggestions.  
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So how does one determine Theoretical Minimum Part Count (TMPC)? 

Boothroyd and Dewhurst (B&D) developed the concept of theoretical minimum part count 
(TMPC) to serve as a goal for a product designer to be able to quickly determine the number of 
parts required to accomplish a desired function within a product.  

 
So how do you determine a TMPC for product/assembly you are working on?  Answering a 
simple set of questions can help to determine whether a part / subassembly would be a good 
candidate for elimination from a given design.  

 

If the answer to all of these questions is “NO” then likely the part should be eliminated.  As 
the product designer works through the initial concept, he should ask these questions with 
each part.  By including and eliminating parts, the designer can achieve a design with this 
TMPC. 



 

Classic DFMA case study Epson MX80  vs. IBM Proprinter  

Albeit, an older example, comparing the Epson MX80 design with the IBM Proprinter design 
clearly illustrates the use of TMPC to simplify a product. 

 
 

 
 
 

Epson MX 80 IBM PRO Printer 

Total Assembly time (sec.)              1866  Total Assembly Time (sec.)                    170 

Total Number of operations    185 Total number of operations     32 

Total parts/subs.                        152 Total parts/subs.                        32 

Theoretical part count                41 Theoretical part count               29 

 
When looking at these two different designs which one would you like to be responsible for 
the: 

 Quality of final product  

 Supply chain for  

 Manufacturing line set up 

 Total product cost  

 Keeping the product design on schedule through all those design verification builds 

 Warranty cost 

 And so on ………………………………………………….. 



 

It is clear when you look at the total number of parts and complexity of the parts as well as 
subassemblies that the Proprinter is the superior design.  The simplicity of the Proprinter goes 
far beyond just the part count, it was completely assembled by a robotic assembly line. The 
design also follows many of the DFMA design rules of Z- axis assembly, self-locating features, 
use of snap fits, and some very clever solutions for attaching rollers to a rod. 
 
In addition to answering simple TMPC questions, there are a number of ways that you can help 
identify parts that might be eliminated from a design.  For example, using design guidelines can 
help you reach the TPMC goal. The design engineer might also consider questions about 
theoretical part count that are another layer of thought deeper, and look at form and function, 
touching surfaces, material, and other subtleties whose aim is to tease out parts that are 
candidates for elimination.  
 

 

So Why Do So Many Product Designs Fail to Have the Theoretical 
Minimum Part Count? 
 
The first and simplest reason is design engineers ignore the technique during the product 
development cycle.  Surprisingly, the methods described above are not well known.  Once 
explained, the concepts are easily digested but this information needs to be disseminated 
among the product design and manufacturing community. 

  

Subtleties of Minimum Part Criteria: 
- If a material already exists in structure chart, can a single part be 

used in place of two separate parts of the same material? 
- Even if a part is “theoretically necessary”, i.e. a circuit board, can the 

number of these parts be reduced in the design? 
- Focus on functional requirements of the part/assembly (verb noun 

pair): 
o Candidates for Elimination 

 Secure parts 
 Transmit signal/load 

o Theoretically necessary 
 Relative Movement 

 Compress gas 

 Measure position 
 Different Material 

 Seal interface/prevent leaks 

 Insulate/block heat 

 Conduct heat 

 Conduct electricity 



 

A second reason is that even when companies are aware of the aforementioned techniques, 
they have not embedded their use in the organization. Gate reviews, design reviews, and 
design verification builds do not emphasize this technique as a critical part of the process.  A 
number of organizations actually collect the information and still fail to use it.  This is a tragedy. 
In the head long rush to meet the launch date for a new product, reaching the goal of TMPC 
falls to the side.  
 
Finally, cost reduction in many companies is still considered only as quick fixes after the fact.  
The design team only realizes that the cost of the product is a problem near the end of the 
development cycle.  To address this, they attempt quick fixes like, negotiating with vendors, 
substituting less costly parts, possibly removing a feature from a product, and shipping the 
product overseas for manufacture.  These quick strategies do reduce cost but are not nearly the 
cost reduction that a design created with a TMPC would yield.  In fact, best practice would be to 
apply these quick fixes once you have the TMPC design. 

 
Case Study Digital Equipment Corporate (DEC) Mouse 
 
Another classic example of a DFMA redesign that focused on using Theoretical Minimum Part 
Count as one of the critical design evaluation tools in producing the new design is the DEC 
mouse.  

 

 
 



 

In this design, using the TMPC criteria as part of its design process enabled the design team to 
reduce the total part count by 32%.  The design tem scrutinized each part and subassembly to 
be sure that it complied with DFM rules.  This reduced mechanical parts by 48%, electrical parts 
by 6%, assembly time by 64%, and assembly operations by 32%.  Fasteners and adjustments 
were eliminated completely as well.  The design also reduced material costs by 40% over its 
predecessor. 
 
The team also introduced a new encoder technology, the slant foot encoder technology that 
eliminated all the adjustments the old trackball cage previously required.  With this design, the 
mouse would not fail even if the user ran the mouse through catsup.  This design also enabled 
the pixel resolution to be increased by changing the radius of the feet.  Two small magnets 
under the plastic encoder caps also enabled the mouse to track on vertical surfaces or even 
upside down.   When rigorously applied TMPC is a powerful tool for attacking and lowering 
total product cost. 
 

Conclusion 

At the end of the day, total product life cycle cost is the primary concern … not just costs 

associated with materials, processes and labor but the downstream costs that stretch from 

workstation to shipping, to warranty and service.  Great products that have no margin will 

never keep you in business and will be a drag on the business even if you are also selling 

service, accessories, and/or supplies i.e. film, ink cartridges, etc. Knowledgeable cross-

functional teams (design, manufacturing, purchasing, quality, etc.) focused on TMPC and Design 

for Manufacturing can achieve significant total product life cycle cost savings. 

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

     Antoine de St. Exupery  

 

 

 
 



 

Exercise: TMPC of LED Flashlight 



 

 

LED Flashlight

Name Quantity Min. Part Criteria Min. Part Count

1 Chassis 1

2 Battery Terminal - dual 2

3 Battery Terminal - single pos 1

4 Battery Terminal - single neg 1

5 3 LED Lens 1

6 3 LED Board & wires 1

7 3 LED Reflector 1

8 Battery Wire 2

9 24 LED Board 1

10 Screws - small 6

11 24 LED Reflector 1

12 Cover - Lens 1

13 24 LED Lens 1

14 Button 1

15 Batteries - AAA 3

16 Cover - Hook/Mag 1

17 Magnet 1

18 Hook 1

19 Hook retainer 1

20 Screws - retainer 2

21 Screws 3

22 Labels 3

Total


