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The paper presents the concept of algorithmization of the 
new product process implementation under the conditions of 
mass production. It describes the methods and techniques in 
DFA methodology in the new product production implemen-
tation. It was discussed influence of these methods to im-
prove the manufacturability of the complex product 
assembly. 
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Contemporary production processes, especially large-

scale ones, are characterized by a progressive degree of 
automation of machining and development of 
cooperation services in the execution of individual 
components and complex, unified components of the 
unified components, tailored to the wishes of customers. 
For this reason, in managing the implementation projects 
for the production of new products, their design is more 
and more important considering their assembly 
technology (PdM) [4, 5]. 

Different methods are used to evaluate the assembly 
technology and determine guidelines for shaping the 
design process due to PdM. In the automotive industry, 
DFA (design for assembly) methods are widely used, 
proposed and described for the first time by 
G. Boothroyd and P. Dewhurst in 1983 "Design for 
Assembly, A Designers Handbook" [4]. 

Several methods of DFA [1–3, 5] have been described 
in the literature – the most commonly used in 
manufacturing practice are presented in table I [5]. 

 
Lucas DFA method 

 
This method is used to analyze the manual and/or 

automatic assembly technology. The Lucas DFA rating is 
based on the definition of three indicators whose values 
are related to the relative measure of difficulty of  
 

assembly. Its purpose is to reduce the number of 
assembled components of the final product and to 
analyze assembly operations for difficulties, complexity 
and time consuming. 

The Lucas DFA procedure is shown in figs. 1–3. The 
project is subjected to a functional analysis that 
evaluates the functions of the individual components and 
whether they are necessary. A feasibility study is then 
carried out, including analysis of the assembly and 
maneuvering of the assembled components and the 
method of assembly itself. 

 

Fig. 1. Lucas DFA functional analysis scheme [8] 

 
The Wep efficiency index based on functional analysis 

is as follows: 

(1) 

where: LkA – number of components A (fulfilling product 
function), LkB – number of components B (not fulfilling 
product function, e.g. rivets or washers). 
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Fig. 2. Scheme of scoring in maneuver analysis in the Lucas DFA 
method [8] 

 

 

Fig. 3. Scheme of scoring in Lucas DFA mounting analysis [8] 

 
Maneuvering coefficient Wman is defined by the 

formula: 

(2) 

where: Iman – maneuvering index, LkA – number of A 
components (fig. 2); LpA, LpB, LpC, LpD – sum of points 
from segments A, B, C and D (according to fig. 3). 

The model describing the results of the 
manufacturability coefficient Wmon analysis of the Lucas 
DFA method (fig. 3) has the form: 

(3) 

where: Wm – main activity indicator (Wm = LmA + LmB + 
LmC + LmD + LmE + LmF), Wd – additional activity indicator, 
LkA – number of A components (fig. 1). 

 
Example 

 
A single-stage prototype design was subjected to the 

Lucas DFA (fig. 4). The construction was designed on a 
production basis. For the accepted production conditions, 
the assembly process is defined. For each mounted part 
and for each defined step (table II) of the assembly 
process, the Wep, Wman and Wmon values were calculated: 

 

 

 
On the basis of such defined values of the index and 

coefficients, it is possible to proceed to shaping the 
design of the product from the point of view of 
technological assembly. Due to market demand, 
production costs and delivery times to the customer, 
general purpose gearboxes are designed in the form of 
series. The series consists of several gears with the 
same design but different geometric dimensions. 

The results of the analysis for the assumed course of 
assembly are presented in Table. II. It contains selected 
operations assigned to the analysis: functionalities (in the 
form of components included in group A or B – fig. 1), 
maneuvering (within segments A, B, C and D – fig. 2), 
and mountability (according to major activity indicators A, 
B, C, D, E and F and additional operations. For additional 
operations, see the Sec column. 

 

 
Fig. 4. Diagram of analyzed gearbox: 2 – body; 5, 6, 7, 8 – bearing 
caps; 10 – roller; 11 – pinion; 12 – toothed wheel; 14 – spacers; 16, 
17 – bearings; 18, 19 – seals; 21, 22, 23 – inlets; 25, 26 – washers, 
screws 
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TABLE II. Results of the gearbox assembly 
technology analysis of fig. 4 

 
In the illustrated example, the developed design (fig. 

4) is non-technological in view of the potential for mass 
production. In the evaluation method used, the project 
efficiency index is Wep = 23% (authors of the publication 
[8] report value of 60% as a minimum) and Wman = 2.8 
and Wmon = 11.84 (according to [8], both indicators 
should be less than 2.5). 

To improve the technology of gearbox assembly, 
following aspects should be considered: 
● within the scope of application of the new construction: 

changing the structure of the body (for example, cast 
iron instead of welded steel body), analysis of the 
component minimization, unification of components 
included in the gear unit (gear elements, body cover, 
sight glass, fasteners – bolts, washers); 

● regarding to the application of a new assembly 
structure: assembly of assemblies – e.g. shaft with 
mounted gear and bearings, pinion with bearings – 
using appropriate mounting equipment. 
Although the Lucas DFA method presented in the 

article is related to the mass production, it can also be 
used in certain situations when it is less productive. 

 
Conclusions 

 
By analyzing the values of the parameters of 

technological evaluation of the gearbox assembly, it can 
be stated that: 
● evaluation of parameter values (table II) may be the 

basis for the analysis of the design of the product 
design, 

● assessment should take into account many other 
factors related to sales, service, availability of spare 
parts, production volumes, types of equipment, 
available assembly techniques, level of automation, 
cooperation services, commercial components, crew 
technical culture, etc. 
Lucas DFA analysis is one of several methods for 

evaluating the technology of a product's design – it 

 
 

 
allows assessment of assembly technology in terms of 
time criterion and thus assembly costs. 

The method can be successfully applied also to 
smaller batches of manufactured products for the 
manufacture of a group of technologically similar 
products – e.g. general purpose gears. 

The use of standardization of assembly operations is 
helpful in assessing construction – it makes it easier to 
determine the time of these operations. 

The ability to evaluate the design is conducive to the 
creativity of the designers – procedure discussed in the 
paper can be carried out for the product and its 
components (assemblies, components, etc.). 
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■ 

Krok montażu Opis
Analiza 

funkcjonalna
A B C D Suma A B C D E F Sec. Suma

Suma 

narastająco

1 Pobranie Korpus A 1 3 0 0 0 3 Pobranie i posadowienie 1 0 0 0 0 0 0 1 1

2 Prasowanie do korpusu Łożysko 16 A 1 1 0,4 0 0 1,4 Prasowanie 1 0 0 0 0 0,7 0 1,7 2,7

3 Pomiar pozycji łożyska 1,3 0,1 0 1,5 0 0 1,5 4,4 7,1

4 Prasowanie do korpusu Łożysko 17 A 1 1 0,4 0 0 1,4 Prasowanie 1 0 0 0 0 0,7 0 1,7 8,8

5 Pomiar pozycji łożyska 1,3 0,1 0 1,5 0 0 1,5 4,4 13,2

6 Prasowanie do łożyska 16 Wałek zębaty A 1 1 0 0,1 0,2 1,3 Pobranie i przytrzymanie 1 0 0 0 0 0 0 1 14,2

8 Pobranie Wałek wolnoobrotowy A 1 1 0 0,1 0,2 1,3 Pobranie i posadowienie 1 0 0 0 0 0 0 1 18,6

9 Montaż Wpust 23 B 1 1 0 0 0,2 1,2 Montaż na zespół wałka 1 0 0 0 0,7 0 0 1,7 20,3

10 Montaż na zespół wałka Koło zębate 5 B 1 1 0,4 0,1 0,2 1,7 Montaż na zespół wałka 2 0,1 0 0 0,7 0,7 0 3,5 23,8

11 Montaż na zespół wałka Tuleja dystansowa 14 B 1 1 0 0 0 1 Montaż na zespół wałka 1 0,1 0 0 0 0 0 1,1 24,9

55 Montaż na zespół wałka Wpust pryzmatyczny  22 B 1 1 0 0 0,2 1,2 Montaż na zespół wałka 1 0 0 0 0,7 0 0 1,7 243,3

56 Montaż do korpusu Odpowietrznik 27 A 1 1 0 0,1 0,2 1,3 Pobranie i posadowienie 1 0 0 0 0 0 0 1 244,3

57 Przykręcanie 4 0,1 0 0 0 0 0 4,1 248,4

58 Montaż do korpusu Olejowskaz 28 A 1 1 0 0,1 0,2 1,3 Pobranie i posadowienie 1 0 0 0 0 0 0 1 249,4

59 Przykręcanie 4 0,1 0 0 0 0 0 4,1 253,5

60 Montaż do korpusu Korek 29 A 1 1 0 0,1 0,2 1,3 Pobranie i posadowienie 1 0 0 0 0 0 0 1 254,5

61 Montaż do korpusu Pierścień uszczelniający 30 A 1 1 0 0,1 0,2 1,3 Zalożenie na korek 1 0,1 0 0 0 0 0 1,1 255,6

63 Pobranie i ustawienie Tabliczka znamionowa B 1 1 0,2 0,1 0,2 1,5 Pobranie i posadowienie 2 0,1 0 0 0,7 0 0 2,8 262,5

64 Nitowanie Nitokołek B 1 1,5 0,2 0 0 1,7 Pobranie i posadowienie 2 0,1 0 0 0 0 0 2,1 264,6

65 Nitowanie 4 0,1 0 0 0,7 0 0 4,8 269,4

66 Dodatkowe nity 2 0,1 0 0 0,7 0 12 14,8 284,2

82 284,2

83 48 10,9 2,7 5,6 67,2 284,2

84 24 81 108,2 2,1 10,5 18 11,9 7 126,5 284,2

284,2

11,84

Montowanie

23% 2,80

Wskaźnik efektywności projektu Wskaźnik manewrowania Wskaźnik montowalności


