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Evaluation of design manufacturability in assembly processes
by modified Lucas Design for Assembly method

Ocena technologicznosci konstrukcji w procesach montazu wedtug

JOZEF MATUSZEK
TOMASZ SENETA
ALEKSANDER MOCZALA *

The paper presents a methodology for the design of the pro-
duction product from the point of view of manufacturability de-
sign criterion. The evaluation method from the point of view of
machining, assembly and organization of production was dis-
cussed on the example of a modified method of assessing the
technological character of the structure from the point of view
of the assembly operation (Design for Assembly — DFA).
KEYWORDS: production process design, construction manu-
facturability

The development of machining technology (thanks to the
automation and extension of the possibility of making objects
of complex construction) in connection with a significant
share of manual work in the assembly processes of finished
products has led to a change in the approach to the
production of new products [5]. The design process of the
new product is shown in Figure 1.
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Fig. 1. The course of designing the production process of a new
product
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zmodyfikowanej metody Lucas DFA

The design process should be determined from the point
of view of different usability criteria. The assessment is based
on: marketing and conceptual preparation; documentation -
construction, production and organization; implementation of
the production process; distribution; conditions for the
operation and decommissioning of the product.

Errors of the designed process generate large costs
associated with eliminating defects at the production stage.
In publications concerning large-scale production (e.g. in the
automotive industry), much attention is paid to the issues of
the construction's technical character from the point of view
of assembly.

Methods of forming assembly processes, referred to by
the abbreviations DFA (design for assembly) or PdM (design
for assembly), are presented in the works [2-6, 8]. The most
common method of DFA is the Lucas DFA method [6].

Modified Lucas DFA method

The traditional Lucas DFA technology benchmark is based
on the determination of three indicators whose values are
related to the relative measure of installation difficulty. As a
result of the assessment, the aim is to reduce the number of
assembled elements of the final product (functional analysis)
and analyze the assembly operation in terms of difficulty,
complexity and assembly time (maneuvering analysis and
assembly method).

The project effectiveness indicator based on functional
analysis is defined by the formula:
_ _ lka 0
Wep = (Lxa +Lip) * 100% ()
where: Wep - project effectiveness indicator; Lka - number of
A components (fulfilling the function of the product); Lks -
number of B components (characterized by a lack of
performance of the product function, e.g. rivets, washers).

Assessment of maneuvering of assembled components of
the product determines the maneuvering coefficient of Wman:

Wman = Iman/Lka (2)

.Irman - LpA + LpB + LpC + LpD
where: Iman - maneuvering index; Lpa, Lps, Lpc, Lpp - sum of
points from segments A, B, C, D according to [6].

The assessment of the course of assembly operations
from the point of view of feasibility is defined by the formula
describing the results of the analysis of the Wmon coefficient
of assembly:
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Winon = 224 (3)
Lyxa
where: W, - main activity indicator (Wm = Lma + Lmg + Lmc +
Lmp + Lme + Lmr, where Lma, ..., Lmr - sum of segments A, ...,
F according to [6]); Wd - additional actions indicator.

The analysis allows to make structural changes to the
product, improving the efficiency of assembly processes [6].
The presented course of proceedings was developed for
large-scale production. The study attempts to modify this
method so that it can also be used in the case of mass
production and small lot production. The Lucas DFA method
- due to its simplicity in comparison with other methods - may
be susceptible to such modification.

According to fig. 1, the technical character of the structure
can be considered in terms of machining and the organization
of machining and assembly processes. From the point of view
of the production organization, it is important to unify and
normalize the components of the product, defined by the
unification indicator:

— Lky 0,
Wik = = x 100% (4)
where: Lw- the number of unified and standardized

components; Lknu - number of non-unified and non-standard
components.

The use of group machining plans, group operations and
operations not requiring retooling of workplaces is associated
with a reduction in the costs of preparing manufacturing
processes. The process efficiency improvement can be
determined by the Unification Indicator of Wuno Operations:
x 100% (5)

Wpo = —25——
uno —
(Log + LoNg)

where: LOG - the number of operations carried out that do
not require changing of work positions; LONG - the number
of operations requiring retooling of workplaces.

Example

The calculation in the example shows that the structure
is non-technological. In the applied method, Wep = 23%
(authors of publication [9] give 60% as a minimum), Wman
= 2.80 and Wmon = 11.84 (according to [9] both indicators
should be less than 2.5).

On the basis of the obtained values of ratios and
coefficients, the structure of the designed transmission
was changed (fig. 2). The transmission belongs to a series
of types, consisting of several gears of various sizes, in
which the same solutions of the construction form were
applied.

Lka = 24, L = 81, Lka + Lxg = 105

Wep = 24/105 = 0,23 (23%)

Iman = Lma + Lmg + Lmc + Lm0 =48 + 10,9+ 2,7 + 5,6 =
67,2

Lka =24
Whan = 67,2/24 = 2,80
Lka =24

Wm = Lpa + Lps + Lpc + Lpp + Lpe + Lpr = 108,2 + 2,1 +
10,5+18+ 11,9+ 7 + 126,5 = 284,2

Lka =24
Wmn=284,2
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Wmon = 284,2/24 = 11,84
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Fig. 2. Diagram of the analyzed transmission: 2 - body; 5, 6, 7, 8 -
bearing pads; 10 - roller; 11 - pinion; 12 - gear wheel; 14 - spacer
rings; 17, 16 - bearings; 18, 19 - seals; 21, 22, 23 - grooves; 25, 26 -
washers, screws

The results of technological analysis of the new
construction version of the transmission are presented in
tabular form (fig. 3). The operations with assigned
parameters resulting from functional analysis (in the form of
components included in group A or B [6]), maneuvers (within
segments A, B, C and D [6]) and assembly (according to
indicators main activities A, B, C, D, E and F and additional
operations according to the procedure given in [6]). The
following indicators were again determined: Wep efficiency of
the project, Wman maneuvers and Wmon mountability.

Based on the data presented in the table (fig. 3) Lka = 18,
and Lk = 9. After substituting for formula (1), it is obtained:

Wep = ——x 100% = 67% (6)
18+9

In addition, Lpa =27, Lpg = 4.3, Lpc = 1.4 and Lyp = 3, thus:
Iman = Lpa + Lpg + Lpc + Lpp = 7 + 4.3 + 1.4 + 3 = 35.2. After
substituting these values for formula (2):

352 _
VVman - K - 1,96 (7)

Summing up values of Lma =54, Lms = 1.4, Lmc = 0, Lmp =
7.5, Lme = 9.1, Lmr = 6.3 and Sec = 35, the main activity
coefficient W = 112.8 was calculated.

On the basis of formula (3), the coefficient of mountability
was calculated:

W, = —2=627 8)

18
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Analiza pobierania Opis pomocniczy Analiza montowalnosci
- . Analiza Suma
Krok montazu Opis. funkcjonalna A | B|C D | Suma A B c D E F | Sec | Suma narastajaco
1 |Pobranie Korpus A 1 3 [] [ a 3  |pobraniei posadowienie 1 0 L] o L] o o 1 1
2 |Prasowanie na waltek zgbaty |LoZysko 16 A 1 1 [] L] 0 14 |Prasowanie 1 0 L] 0 o070 1,7 27
3 Pomiar pozycji lozyska 0 27
4 |Prasowanie na watek zgbaty |LoZysko 17 A 1 1 0 0 0 1.4 |Prasowanie 1 0 0 [1] 0 0,7 ] 1,7 4.4
s Pomiar pozycji tozyska 0 44
6 |Prasowanie do korpusu Watlek zgbaty A 1 1 0 0 0 1.3 |Pobranie i przytrzymanie 1 0 0 0 0 0 0 1 54
7 Prasowanie do lozyska 0 54
8 |Pobranie Watek wolnoobrotowy A 1 1 0 [ 0 1.3 |Pobranie i posadowienie 1 0 0 0 [] 0 0 1 6.4
9 [Montaz Wpust 23 B 1] 1 [] [] 0 1.2 |Montaz na zespél watka 1 0 0 0 |07 [ 0 0 1,7 8,1
10 |Montaz na zespét watka Kolo zebate 5 B 1 1 0 0 0 1.7 |Montaz na zespél watka 2 0,1 0 0 07 | 07 0 35 11,6
11 |Montaz na zespoét watka Tuleja dystansowa 14 B 1] 1 0 0 0 1 |Montaz na zespol walka 1 0,1 0 0 0 0 0 1,1 12,7
55 |Montaz na zespot watka Wpust pryzmatyczny 22 B 1 1 1] [1] 0 1,2 |Montaz na zespol watka 1 0 0 [] 0,7 [] 0 1,7 71,9
56 |Montaz do korpusu Odpowietrznik 27 A 1 1 [/] 0 1,3 |Pobranie i posadowienie 1 0 0 1] 0 1] ] 1 729
57 Przykrgcanie 4 0,1 0 0 0 0 0 4,1 77
58 |Montaz do korpusu Olejowskaz 28 A 1 1 [] [ 0 1.3 |Pobranie i posadowienie 1 0 0 0 [] 0 0 1 78
59 Przykrgcanie 4 0,1 [ 0 [ 0 0 4,1 821
60 |Montaz do korpusu Korek 29 A 1 1 0 [] 0 1.3 |Pobranie i posadowienie 1 0 0 0 0 0 0 1 83,1
61 |Montaz do korpusu Pierscien iajacy 30 A 1 1 0 [ 0 1,3 |ZaloZenie na korek 1 0,1 0 0 0 0 0 1,1 84,2
62 Korek z pie_rs'cizm'em - 4 0.1 0 0 0 0 0 41 88,3
przykrgcanie
63 |Pobranie i ustawienie Tabliczka znamionowa B 1 1 [] L] 0 1.5 |Pobranie i posadowienie 2 01 0 0 0,7 0 0 28 91,1
64 | Nitowanie Nitokotek B 1 2 0 0 0 1.7 _|Pobranie i posadowienie 2 0,1 0 ] 0 ] 0 21 93,2
65 Nitowanie 4 0,1 0 0 07| 0 0 4,8 98
66 Dodatkowe nity 2 0,1 0 0|07 [ 0 12 | 148 1128
82 1128
83 27 | 4 1 3 | 352 I e 12,8
84 18| 9 1096 2 | 105]| 15 | 11,9 7 | 124 1128
— 67% 1,96 112,8
7
Qﬁw’nik efektywnosci projektu Wskaznik pobierania ‘Wskaznik montowalnosci 6,27
Montowanie

Fig. 3. Results of the technological analysis of gear assembly (fig. 2) after the technological assessment

According to the calculations presented, it can be
concluded that the results of the analysis for cast iron cast
gearboxes are better compared to the results for welded
gears. The Wep project efficiency ratio should have the
highest possible value - the change was 67%. Maneuvering
coefficients and the mountability of Wman and Wmon should be
as small as possible - after the change they are 1.96 and 6.27
respectively.

Component unification indicator for gear units from fig. 2
(only the body and cover are not unified - they are not
included in other products) is:

Wink = (22;_+z} x 100% = 93% (9)
The treatment unification index is:
Wino = —— x 100% = 46% (10)

(58+67)

Conclusions

Analyzing the values of the evaluation parameters of the
gear assembly, it can be concluded that:
« assessment of parameter values (fig. 3) may be the basis
for analyzing the technological character of the product
structure;
o the assessment should take into account many other
factors related to sales, servicing, availability of spare parts,
production line, available assembly techniques, the level of
automation, cooperative services, the possibility of using
commercial components, the technical culture of the crew,
etc.;
» the method can be successfully used also for smaller
batches of manufactured products - in the case of production
of a group of technologically similar products, e.g. general-
purpose toothed gears;

o it is helpful when assessing the structure to standardize
machining and assembly operations - it makes it easier to
estimate the times of performing these operations;

« presented procedure can be useful for: designers, people
implementing new products for production and production
engineers, carrying out rationalization work at the stage of
improving and expanding the production range.
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