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The paper presents a methodology for the design of the production process of a new product from the point of view 
of manufacturability criterion assembly operations (Design for Assembly - DFA) in the automotive industry. Methods 
and techniques, used in implementation of the DFA method to produce a new product, are mentioned. Impact of those 
methods on improving the assembly technology of a  complex product is described. Suggestions for improving the 
abovementioned methods are presented, as ell. The examples given illustrate the proposed procedures.
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AAIG (Automotive Action Industry Group - Automobile 
Manufacturers Association), described in the  APQP 
manual - Advanced Product Quality Planning (Figure 1) 
[2-4].

There are many proposals in the automotive industry 
for use of the design-oriented assembly assessment 
methods. Design for Assembly - DFA, are described by 
G. Boothroyd and P.  Dewhurst in [5]. The  concept of 
Design for Assembly can be defined in a  variety of ways, 
from the  relatively narrow meaning of product design 
from the  point of view of assembly technology criteria to 
the broader term associated with the term product design 
and process flow from the point of view of the cost-effective 
and reliable manufacturing criterion for ensuring customer 
satisfaction and achieving financial success [6]. Many DFA 
methods are presented in the  literature. The  chronology 
of these methods development and their brief description 
characterizing their use is presented in Table 1 [7].

The fi rst two methods are presented in the  paper 
due to the  greatest practical application. Competition on 
the  market forced companies to take a  comprehensive 
approach to rationalizing the design and marketing of a new 
product [8-9]. This situation evoked the need for a broader 
view on the assessment of the technology of the structure, 
including this problem, considering many other aspects; 
this way of design is illustrated in Figure 2.

Other methods - QFD (Quality Function Deployment) 
[10-11] have also found application in the  processes of 
designing products that complement or support the DFA 
methods. [11] - used to implement customer requirements 
in initial product assumptions, FMEA (Failure Mode and 
Effect Analysis) [12] - predicting and preventing product 
failure at the  design stage, DFX (Design for X) [13-14] - 
e.g. Design for Manufacturing (DFM) means the  design 

1	 Introduction

In modern market conditions, enterprises, introducing 
new products and innovative solutions in production 
processes, use various methods and techniques to 
rationalize the  activities that make up the  concept of 
production preparation. The issue has extensive literature 
in which project management methods are presented and 
various approaches assessing the process of production 
preparation using the philosophy of Design for Six 
Sigma, Implementation of the quality function - QFD, 
Value engineering VE, Design for assembly/ design for 
production - DFA/DFM, Target Costing [1]. As a  result of 
technical progress in the conditions of the large production 
volume, when implementing new products, relatively less 
attention is paid to ever-wider technological possibilities: 
modern workstations, workshop aids, automation - to 
achieve the high efficiency and relatively low costs of 
process components of the final production. Hence, 
the advanced methods, described in the literature for 
assessing the possibilities of manufacturing products, are 
oriented on assembly processes and are adapted to assess 
implementation of a  new product in conditions of high - 
volume and mass production. 

This is due to the high proportion of manual work 
compared to machining, the significant share in the costs of 
the entire production process, the high labour intensity and 
high costs of the assembly process.

2	 Production preparation processes

To describe the processes of mass production a new 
product implementation model is used, proposed by 
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efficiency and quality, as well. Supporting methods such 
as modelling are of great importance in carrying out these 
works, simulation and animation of production processes 
and systems and ideas stimulating innovation such as 
brainstorming, TRIZ (Theory of solving innovative tasks) 
and others.

of many structural elements that shape the  production 
process [15-16]. These methods are related to concepts, 
such as simultaneous engineering, Six Sigma, Lean, WCM 
(World Class Manufacturing) and others. Decisions taken 
at the  product design stage do  not have a  significant 
impact on  production costs only, but on the production 

Figure 1 Model of implementing a new product according to AAIG [2-4]

Table 1 Summary and description of the methodology of selected Design of Assembly methods [1]

Nr Method Year Discoverers Description

1 Lucas DFA 1980 Redford A. H., Swift K. G.

It is based on Assembly Sequence Diagram, 
evaluating the assembly design.  

Evaluates and adds penalty points  
related to product  

design issues.

2
Hitachi Assemblability 

Evaluation Method (AEM)
1986 Miyagawa S., Ohashi T.

This method evaluates the product’s 
assemblability and cost index to identify 

weaknesses associated with  
the project design.

3
Product Assemblability Merit 

Analysis Tool (PDM)
1986 Zorowski C. F.

The method issues opinions on product  
and component assembly problems  

and an oversizing indicator.

4 Boothroyd and Dewhurst 1988 Boothroyd G., Dewhurst P.

The method is based on an experimental  
study of the costs associated with a manual  

or automatic assembly process and has  
three criteria for limiting the number  

of components.

5
Integrated Design for Assembly 

Evaluation and Reasoning 
System

1991 Sturges R. H. Jr, Kilani 
M. I.

The method built on the existing solid 
modelling package examines the product’s 

assemblability.

6
Fuzzy Product Assemblability 

Merit Analysis Tool
1993

Jackson S. D., Sutton J. C., 
Zorowski C. F.

PDM developed with fuzzy logic.

7 DFA REV-ENGE 1994 Kim G. J., Bekey G. A.
DFA method considering reverse  

engineering.

8 Constraints Network System 1995
Oh J. S., Grady P. O., 

Young R. D. F.
The method of related restrictions.

9 Virtual Disassembly Evaluation 1998 Srinivasan H. Method considering virtual disassembly.
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incorrectly, maximizing symmetrical parts, if possible, or if 
not clearly asymmetrical. The method assumes that the part 
is a permanent or non-permanent element of the assembly 
process. A subassembly is considered as a part if it is added 
during the assembly. However, glues, fluxes, fillers, etc., 
used to connect parts are not considered parts. Each part 
has two parameters - thickness and size. The  thickness is 
the  length of the shortest side of the smallest cuboid that 
surrounds the element. If the element has a cylindrical or 
regular polygonal shape, e.g. a  section with five or more 
sides, the thickness is defined as the radius of the smallest 
cylinder that surrounds the element (Figure 3). The size is 
the length of the longest side of the smallest cuboid that can 
surround the part.

3	 Production manufacturability assessment 
methods

3.1	 Boothroyd Dewhurst method

The  method was developed in the  late 1970s. by 
Geoffrey Boothroyd at the  University of Massachusetts 
in Amherst in cooperation with the  University of Salford 
in England. The  method contains eight principles aimed 
at: reducing the  number of components, eliminating 
corrections, using self-positioning and self-embedding 
components, ensuring adequate access and unrestricted 
field of view, ensuring ease of assembling parts with 
looseness, minimizing the  need for reorientation during 
the assembly, eliminating parts, that cannot be installed 

Figure 2  Use of methods supporting the design of the production process of a new product

Figure 3 Determining the thickness and size of parts [3] Figure 4 Determining alpha and beta angles [3]
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Total costs of assembly product is:

K
o
 = Σ k

oi
,	 (3)

where: 
l
oi

 - i-th assembly operation, 
k

oi
 - unit cost of i-th assembly operation [17].

When determining the time index for manipulation of 
a part, it should be determined whether manipulation can 
be performed: with one hand, one hand with an auxiliary 
handle, two hands, two hands with mechanical assistance. 
Knowing the assembly times, one can proceed to process 
analysis, e.g. whether one should reduce the  number of 
assembled parts, replace them with other, more complex 
ones. Lowering the number of components of a product may 
increase their complexity and increase their manufacturing 
costs. The fi nal product can be easy to assemble and 
expensive to process its components. This method is used to 
analyse manual assembly; separate variants of the method 
are used to analyse automatic assembly. The fi nal stage 
is calculation of a  sum of the number of operations, total 
operation time, total operation costs, theoretical minimum 
number of parts and the DFMA index illustrating the state 
of the product technology. The next stage of analysis is to 
check whether a  given part can be eliminated. A  diagram 
of the  course of proceedings regarding the  elimination 
of parts is given in Figure  6 (assessment of possibility 
for occurrence of several parts in the form of one whole).

The next step is to evaluate the symmetry of the 
element and determine the number of degrees of rotation 
around both axes for proper orientation and alignment, 
Figure 4, [3].

BETA is the  symmetry of the  part relative to 
the insertion axis, i.e. the smallest rotation angle for correct 
insertion. ALFA is the symmetry of the part about the axis 
perpendicular to the  insertion direction - the  smallest 
angle between alternative insertion directions [3]. After 
determining the  thickness, size, BETA and ALFA angles, 
the  next step is to formulate the  indexes of handling 
time and the  time of inserting / assembling individual 
components. To this end, use schemes and tables prepared 
by Boothroyd and Dewhurst (Figure 5).

The total number of operations to assembly product 
is:

L
o
 =  l

o1 +
 l

o2
 + …..l

oi + …..
l
on

,
	

(1)

where: 
l
oi

 - i-th assembly operation.

The total product assembly time is calculated as:

T
o
 = Σt

oi
 = I

ma
 + I

mo
,
	

(2)

where: 
t

oi 
- duration of the i-th assembly operation, 

I
ma

 - part handling index, I
mo

- part assembly index.

Figure 5 Diagram for determining the index of manipulation with one hand [17]
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is used to analyse manual or automatic assembly. In 
the  Lucas DFA method, three indicators determine 
the  measure of mounting difficulty. The  procedure is as 
follows. The  prepared project is subjected to functional 
analysis, which determines whether individual components 
are needed and what their functions are (Figure 7). 

A  feasibility analysis is then conducted consisting 
of manoeuvring analysis and assembly analysis. Data for 
analysis can be read for specific installation conditions 
from tables developed by the authors of the method [18].

The project effectiveness index W
ep

, based on functional 
analysis, is determined by the formula:

W
ep

 = [L
kA

/(L
kA + 

L
kB

)]100 %,	 (6)

where: 
L

kA 
- number of components  A  (fulfilling the  functions of 

a product), 
L

kB
 - number of components B (characterized by a  lack of 

product function e.g. rivets, washers) [18].
Based on the  analysis carried out in this way, it 

is possible to combine some separate components into 
one whole, thereby reducing the  number of individual 
components that make up the final product, change design 
solutions that eliminate components that do  not fulfil 

The theoretical minimum number of parts is:

C
t
 = C

pe 
-C

ae
,
	

(4)

where: 
C

pe
 - number of parts before elimination analysis, 

C
ae

 - number of parts eliminated as part of the elimination 
analysis.

The fi nal stage is determining the  DFMA indicator, 
while considering the costs of the assembly operation being 
carried out:

DFMA
index

 = (3·L
o
)/T

o
,	 (5)

for many parts, it can be assumed that: L
o
 = A and where: 

DFMA
index

 -DFMA index,
A  - the  number of parts necessary for the  product to 
function (the study assumes that: L

o
 = A = C

t
), 

T
o
 - total product assembly time) [17].

3.2	 Lucas DFA method

The method was developed in 1980. by Lucas research 
teams and University of Hull researchers, [17]. The method 

Figure 6 Design for Assembly B & D components elimination diagram [17]
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Figure 7 Diagram of functional analysis in LUCAS Design for Assembly [18]

Figure 8 Manoeuvring analysis scoring diagram in LUCAS DFA [18-19]



118 	 M A T U S Z E K  e t  a l .

C O M M U N I C A T I O N S    4 / 2 0 2 0 	 V O L U M E  2 2

Manoeuvring factor W
man

 is given by the formula:

W
man

 = I
man

 / L
kA 

,
	

(7)
 

where W
man

 is the manoeuvring factor and

the function of the product. Then, an analysis is carried out 
consisting of an analysis of the displacement of the mounted 
components, their manoeuvring and the method of assembly 
itself. The manoeuvring assessment of the assembled product 
components is determined based on Figure 8.

Figure 9 Assembly analysis scoring diagram in LUCAS DFA [18] 
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4	 Conclusions

The  B&D and Lucas DFA  methods are methods 
developed for the  needs of assembly operations in 
the conditions of mass production. By analysing the obtained 
values of assembly efficiency assessment parameters in 
both methods it is possible to:
•	 Reduce times, eliminate of errors, reduce the process 

costs.
•	 consider, in addition to assembly, many other various 

factors, e.g. availability of spare parts, mass production, 
production conditions in the form of equipment types, 
available assembly techniques, level of automation, 
scope of external cooperation orders, etc.
The  conditions of modern production, striving to 

manufacture products tailored to the  individual wishes of 
the  customer, with the  largest possible serial production 
of component parts causes the  need to modify or 
develop new methods for analysing the  product design 
technology. The  assessment should consider many other 
factors, sales, servicing, spare parts availability, production 
series, types of equipment, available assembly techniques, 
level of automation, cooperative services, possibilities 
of using commercial components, technical culture of 
the  crew, etc. The  new methods developed should also 
be used for smaller series of manufactured products in 
the  case of the  production of a  group of technologically 
similar products. A  helpful action in the  assessment of 
the  structure is use of standardization of machining and 
assembly operations, which makes it easier to determine 
the times of performing those operations. The assessment 
of the  construction arouses the  creativity of designers, 
the course of action can be carried out for the product, its 
components such as assemblies, subassemblies, etc.

I
man

 = L
pA

 + L
pB

 + L
pC

 + L
pD,	

(8)

where: 
I

man
 - manoeuvring index, 

L
kA

- number of type A parts.

Values of L
pA

, L
pB

, L
pC

, L
pD

 are specified from tables 
provided by the authors of the method [18].

The analysis also makes it possible to make structural 
changes to the  product and its components improving 
the  efficiency of assembly processes and the  method of 
assembly technology designed (e.g. use of the special 
equipment to facilitate manoeuvring of the  assembled 
component).

Another element of the  technology assessment 
is  assessment of the  errors risk in individual assembly 
operations and impact of the  adopted construction 
solutions on the  labour intensity of individual assembly 
operations. Assessment of the assembly operations 
progress, from the feasibility point of view, is carried out 
based on Figure 9.

The  formula describing results of the  analysis of 
the W

mon
 assemblability coefficient according to the Lucas 

DFA method is:

W
mon  

 = (W
m 

+W
d
)/L

kA
,	 (9)

where: 
W

m
 - main activity indicator wherein, W

m
 = L

mA
 + L

mB
 + L

mC
 + 

L
mD

 + L
mE

 + L
mF

,
W

d
 - indicator of additional activities, values making up 

the W
m

 and W
d
 parameters are specified in tables provided 

by the authors of the method,
L

kA
 - number of the type A parts [18-19].
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