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BOTH  QUALITY  AND  EFFICIENCY  

THROUGH  PRODUCT  DESIGN 
 

Abstract: The work considers importance of product design 

stage for attaining quality and efficiency objectives.  Know-how 

is important, but in order to succeed an organization must 

know-why as well. Product design must lay the foundation for 

both of it. Good product design enables hierarchy of goals and 

means to be intertwined in order to attain both quality and 

efficiency of a product. In a sense, there is no difference 

between quality and efficiency. 
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1. INTRODUCTION  
 

There was a time when quality was 

considered as a matter of production. It was a 

time when efficiency was deemed as something 

in opposition to quality. Now, there is 

prevailing opinion that endeavors must shift 

from the improvement of product quality in 

downstream stages of product life cycle to early 

upstream stages. This shift is motivated by the 

fact that the design decisions made during early 

stages of a product development cycle have the 

largest impact on total life-cycle cost and the 

quality of the system. It has been claimed that 

as much as 80% of the total life-cycle cost is 

determined during the concept development 

stage [1]. 

Research in the design and manufacturing 

areas, including product development, is 

currently receiving an increased focus on 

addressing industry efforts to shorten lead 

times, cut development and manufacturing 

costs, lower total life-cycle cost, and improve 

the quality of the end products and systems. At 

least 80% of design quality is also determined 

in the early design phases.  

It is deemed here that efficiency is result 

of strictly achieving product requirements 

understood as requirements of all stakeholders.  
Although organizations depend on 

customers because without them there is no 

business, in order to satisfy these customers, 

organizations also depend on a number of other 

stakeholders that provide them with resources 

and sanction their operations. These 

stakeholders have an interest or stake in the 

organization and what it does but may not 

receive a product.  So, the term quality is not 

defined here relative only to customers but to 

requirements of all these stakeholders.  

Stakeholders are customers, owners, 

employees, contractors, suppliers, investors, 

unions, partners and society. They all expect 

something in return for their stake and can 

withdraw it should the expected benefits not be 

returned. Products are produced with the intent 

that all these stakeholders benefit but 

particularly customers. The other stakeholders 

are not particularly interested in the products 

and services themselves but may be interested 

in their effects on their investment, their well-

being and the environment 

So when defining quality as requirement, 

the top level requirement should be expressed 

in terms of benefits not a set of derived 

characteristics.  

Consequently, the definition of quality 

does not only relate to customers. Clearly the 

customer is the only stakeholder that brings in 

revenue and therefore meeting their needs and 

expectations is paramount but not at the 

expense of the other stakeholders. So, the 

customers must be satisfied in a way that will 

also satisfy the needs of other stakeholders, and 

that can be achieved by proper definition of 

quality goals as requirements of all 

stakeholders. 

Here is adopted the definition of quality as 

stated  in ISO 9000:2000, where it  is defined as 

the degree to which a set of inherent 

characteristics fulfils the requirements. 
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2. HIERARCHY OF QUALITY 

GOALS  
 

The first step in fulfilling requirements is 

to transform them into technical requirements 

for appropriate product, but that doesn’t mean 

there is only one way to do it. So, what is the 

best way? Usually that  is the most direct  way. 

Any deviation from the quality goals at upper 

level means unnecessary higher cost of 

achieving them, or missing them. What was just 

said can be espressed as two design axioms: 

1. Maintain the independence of the higher 

level quality goals 

2. Minimize the information content at each 

level of quality goals 

The design process can be described as 

three mappings among four domains (Figure 1). 

 

 
Figure 1 - Functional relationship between 

quality goals  

 

The first mapping involves the mapping 

between stakeholder requirements domain and 

the technical requirements domain. This 

mapping is very important, as it yields a 

definition of the high-level minimum set of 

technical requirements needed to accomplish 

the stakeholder requirements. This definition 

can be accomplished by the use of quality 

function deployment (QFD). Once the 

minimum set of technical requerementss is 

defined, physical mapping may be started. This 

mapping involves the techical requirements 

domain (TR) and the design parameter (DP) 

codomain. It represents product development 

activities and can be depicted by design 

matrixes; hence, the term mapping is used. This 

mapping is conducted over the design hierarchy 

as the highlevel set of TRs, defined earlier, is 

cascaded down to the lowest hierarchical level. 

Process mapping is the last mapping of 

axiomatic design and involves the DP as 

domain and the process parameters (PP) as 

codomain. This mapping can be repre-sented 

formally by matrixes as well and provides the 

process elements needed to translate DPs to PP 

s in the manufacturing and production domains. 

Technical requierements are commonly 

expressed through a conceptual design 

structure, and is generally used as a graphical 

representation of design mappings. 

Design mapping is actually compossed of 

few internal mappings as depicted at figure 2 

[2].  

 

 
Figure 2 - Hierarchy of quality goals 

1. Market 

2. Expectations, Requirements 

5. Technical performances of 

subassemblies that satisfy technical 

performances of assemblies 

3. Technical performaces of 

product that satisfy stakeholder’s 

expectation 

 

4. Technical performances of 

assemblies that satisfy technical 

performances of the product 

 

6. Shapes, materials and tolerances 

of details that satisfy technical 

performances of subassemblies. 

7. Production 
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The design matrixes are obtained in a 

hierarchy and result from employment of the 

know what /know how method of mapping, 

depicted in Figure 3. Hierarchy is built by the 

decomposing design into a number of simpler 

functional design matrices that, collectively, 

meet the high-level functional requirements 

conceived from the voice of the customer.  

A design structure can be defined as an 

input – output or cause-and-effect relationship 

of functional modular elements. A structure 

should capture all DPs within the scope and 

ensure correct flow down to critical elements. 

The DPs are usually grouped together to 

synthesize modular structure elements such as 

components, sub- systems, and systems. 

 

 
Figure 3 - Functional relationship between 

hierarchical levels  

 

Another paradigm follows from 

consideration that every stage from stage 2. to 

stage 7. in the course of design can be treated as 

means stage, that is the stage that must respect 

the requests of the stage above and bear in mind 

consequences that may be produced at the 

stages below while determining necessary 

means of achieving quality goals, as is depicted 

at Figure 4.  

 

 

 

 

 

 

 

 

 
Figure 4 - Restrictional relationships between 

quality goals  

 

So design activity enables optimization by 

posing coordinated quality goals hierarchy. 

Quality goals at an level are means for 

achieving quality goals at the level below [3,4].  

 

 

3. DESIGN FOR EASE OF 

PRODUCTION  
 

 Requierements of stakeholders should be 

embodied into the product especcialy under 

following consideration: 

Designed products must be relatively 

simple to manufacture and assemble. New 

product design should, as far as possible, 

include off the shelf items, standard items or 

component that are possible to make with a 

minimum of experimental tooling.   

Product features such as part tolerances, 

surface finish requirements, etc., should be 

resolved with respect to the consequences of 

the unnecessary embellishment on the 

durability of production process and thereby on 

the production costs. Designers, added by their 

team members, must be familiar enough with 

manufacturing alternatives, capabilities and that 

are unnecessary difficult, impossible, costly, 

and time consuming to manufacture. 

  A  well concieved product design  will  

reduce both the  number  of tool changes  and  

the  fixtures  within the  assembly  cell.  

In the case of robotic assembly, good 

design will prevent  the handling of unstable  

subassemblies,  simplify  the  design of the  

robot grippers, and help to simplify automatic 

part feeding, orienting and assembly operations. 

Also, it is important to design products to be 

assembled from the top down and to avoid 

forcing machines to assemble from the side and 

particularly from the bottom. The ideal 

assembly procedure should be performed on 

one face of the part, with straight vertical 

motions and keeping the number of  faces to be 

worked on to a minimum.   

 Until the early 1980s the application of 

robots in industry had been confined to 

relatively simple tasks: machine loading and 

unloading, spot and arc welding, spray painting, 

etc. Relatively few applications in assembly 

were realized. Manufacturing system designers 

adopted two main approaches to assembly 

automation: the development of advanced 

assembly robots and redesign of products, 

components, etc. for robots based assembly. 

The first approach involves the development of 

universal grippers and intelligent, sensor based 

KNOW WHAT 

 

KNOW HOW 

 

 

MEANS 

 

CONSEQUENCES 
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robots with sufficient accuracy, speed and 

repeatability, and which are capable of being 

programmed in task oriented languages. This 

approach tends to mimic the flexibility and 

capability of human arm and hand. The second 

approach seems to be more successful in 

practice because the product designing for ease 

of automation reduces assembly to series of 

pick-and-place operations, thereby eliminating 

the need for more sophisticated robot. This 

results in manufacturing costs savings and 

increases the probability of financially justified 

robotic assembly [5,6,7,8].   

   Design for group technology enables flow 

oriented production system that is non-stock 

production. In this respect group technology is 

used to define families of products and 

components which can be manufactured in 

well-defined production cells. Each part is 

designed so that corespond to in advance 

determined part family. In that way, group 

technology also reduces unnecessary variety 

and redundance in product design. In Group 

technology, production items are grouped into 

families on the basis of such characteristic as 

part shapes, part finishes, materials, tolerances 

which all results in certain kind of succession 

of production operations that characterize 

particular production cell. GT is based on 

similarities in geometrical shape and/or 

similarities in their manufacturing processes. 

Coding and classii cation systems   are used to 

identify and understand part similarities. A 

computerized GT database makes it possible to 

easily and quickly retrieve designs of existing 

parts that are similar to the part being designed. 

This helps combat the tendency toward part 

proliferation, which is encouraged by the ease 

of use of a CAD system. The installation of a 

GT system aids in uncovering duplicative 

designs; it is a strong driver for part 

standardization. GT may also be used to create 

standardization in part features. For example, 

the GT database may reveal that certain hole 

diameters are used frequently in a certain range 

of parts while others are infrequently used. By 

standardizing on the more frequently used 

design features, simplii cations and cost savings 

in tooling can be achieved. Finally, the 

information on manufacturing costs should be 

fed back to the designer so that high-cost 

design features are avoided [9,10].   

 

 

4. CONCLUSION 
 

Quality, if conceived as requirements of 

all stakeholders, and expressed through 

hierarchy of quality goals can be tool for 

attaining production efficiency. Production 

efficiency is attained through strict alignment 

of hierarchical quality levels. Taking into 

consideration that most of the hierarchical 

quality levels are placed into design phase, 

design is of utmost importance for 

simultaneous achieving quality and efficiency 

of the product. Especially, design strongly 

influences efficiency of production through 

design principles as are design for ease of 

machining, design for ease of assembly, design 

for ease of automation, design for group 

technology. Non stock production is enabled in 

the phase of design.       
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