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Abstract— This paper poses the application of a design
methodology intended to improve a company’s efficiency
in maintenance processes in terms of time reduction. As
the procedure involved altering the machine, the compa-
ny needed to analyze several options due to the high in-
vestment required for all the possible modifications. For
this reason, the company requested from the University
a decision matrix. To accomplish this objective, a study to
determine maintenance times was conducted and a crit-
ical stage during die dismantlement and assembly was
identified. Based on this information, the decision matrix
was elaborated. The best alternative was to replace me-
chanical guides for pneumatic guides. This option exceed-
ed in 2% the second alternative and in 24% the last. The
company succeeded in making a decision based on goal
achievement and still today continues using decision ma-
trixes for any adjustment in their processes.

Keywords— Design Methodology, Metric Matrix, Weight-
ing Function, Hierarchical List of Objectives, Selection of
Alternatives

Resumen— Este articulo describe la implementacién
de una metodologia de disefio para una empresa que
necesitaba modificar una méaquina con el objetivo de
reducir sus tiempos de mantenimiento. La decisién no
era facil, dada la alta inversién requerida para todas
las posibles modificaciones. La empresa se acerc) a la
Universidad y solicité el desarrollo de una matriz de
decisién. Se hizo un estudio de los tiempos de mante-
nimiento y se identificé el punto critico en el proceso de
montaje y desmontaje del troquel de la maquina. Sobre
este proceso se desarrollé la matriz de seleccién y se de-
cidi6 el cambio de guias neumaticas, opcién que superd
en un 2% a la alternativa més cercana y en un 24% la
mas lejana. La empresa logr6 tomar una decisiéon basa-
da en el cumplimiento de objetivos y hoy en dia sigue
realizando matrices de decisién para modificaciones en
SUS procesos.

Palabras Clave— Metodologias de Disefio, Matriz
Métrica, Ponderacién de Funciones, Objetivos Jerar-
quizados, Seleccién de Alternativas
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I. INTRODUCTION

Large-scale industries aim at managing time effi-
ciently; machine tool stops for maintenance, ad-
justments, and replacements are taken very se-
riously [1]. In this project, a company manifested to
the University its intention of implementing a stra-
tegy to cut die replacement time since it was iden-
tified as one of the most influencing factors for late
delivery of production to customers.

For this research, a multi-alternative study of
different proposals was carried through in order to
assess these options regarding the company’s ne-
eds. The alternatives were suggested by operators
and engineers, as well as by the external advisory
board. Weighted values for the desired conditions in
terms of time management improvement during die
replacement procedures were established. Criteria
like problem identification, real necessity or list of
weighted objectives statement, and effectiveness
assurance [2], [3] were fundamental in order to
determine the appropriate attributes to satisfy the
corresponding needs. This project fosters synergy
in university-enterprise collaborative work because
companies develop confidence towards scientific ins-
titutions. By assessing the operators’ suggestions,
they became more committed to the process because
they felt they were part of the process. This was an
enriching experience for both, the university and
the company, so the latter decided to develop more
processes of this kind. Design methodologies aim at
providing the most suitable solution to any problem
and including the different agents and components
within a productive process and value chain, thus,
they are being implemented by companies in the city
of Barranquilla, Colombia [4], [5].

II. METHODOLOGY

The method implemented in this project is presented
in Fig. 1. This was the first approach with the com-

pany, which expressed its interest in a user-friendly
method for operators to implement in different equi-
pment. In order to achieve the adequate method and
guarantee that operators receive proper training,
Terrence’s theoretical foundations were applied as a
strategy of design-oriented learning [6].

‘ Objective Statement

Time Necessity and
Attribute Identification

[ Objective Comparison

[ Brainstorming

=

[ Alternative Evaluation and Selection

Fig. 1. Method Applied.
Source: Authors

II1.OBJECTIVE STATEMENT

Selecting the best alternative to reduce die replace-
ment time in the machine for a % gallon container
lid, ring and 603 steel bottom.

IV. NEEDS AND ATTRIBUTE IDENTIFICATION

Engineering and goal-oriented needs are identified
in this stage. They are suggested by the university
team in regard to the factors observed during the
process. These objectives, in turn, are verified by
the company which approves them as being suitable
to fulfill the best alternative choice for cost reduc-
tion [7].

The hierarchical list of objectives is presented in
Table I. Additionally, the company has defined the
level of relevance for each one; importance is esta-
blished based on their priorities and taking into ac-
count the operator’s suggestions of the die cutting
machine.

TaBLE I. HIERARCHICAL LiST OF OBJECTIVES

1. COSTS 2. DESIGN 3. LOGISTICS 4. ENVIRONMENT
1.1 Low investment in the system’ 2.1 Compact
. . . and modular 3.1 Fast assembly and .
installation and setting up . . 4.1 Eco-friendly
. replacement dismantling
infrastructure
system

1.2 User-friendly and inexpensive

operation intervention

2.2 Minimal manual

3.2 Easy installation

1.3 Easy and low-cost maintenance

1.4 Low assembly costs

1.5 Affordable and easy-to-find spare parts

2.3 Safe handling

3.3 Safe and agile displacement

from storage site 4.2 Low noise levels

3.4 Procedures with likelihood
of a repetition

Source: Authors
v
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V. WEIGHTED OBJECTIVES

The estimation method of weighted objectives of
first and second levels is posed in Table II and Table
II1. This hierarchy allows establishing priorities so
people in charge of evaluating the alternatives avoid

digress in irrelevant objectives [8]. Table IV sets for-
th an evaluation scale for the company’s valuation.
Table V puts forward the method for achieving the
selected matrix valuation.

Tables VI, VII, VIII, IX, and X present the objec-
tives with the company’s weighting values.

TaBLE II. EstiMaTioN METHOD OF WEIGHTED OBJECTIVES — FIRST LEVEL

Factors to be evaluated Objective 1 Objective 2 Objective n Total Weight
n
- YVOI;j
Objective 1 VO11 V012 VO1n YVO1j =1=P1
=1 Wtotal
n
- V02
Objective 2 VO21 V022 VO2n YVO02j i=1=P2
=1 Wtotal
n
- Y VOnj
Objective n VOnl VOn2 VOnn >VOnj i=1=P3
=1 Wtotal
Total value for first level objectives 2 o
(VO = Value of Objective) izz\l’O”‘Wt"tal

Source: Authors

TaBLE III. EstiMaTION METHOD OF WEIGHTED OBJECTIVES — SECOND LEVEL

Factors to be Objective Objective Objective Total Relative Absolute
evaluated 1.1 1.2 1.m weight (RW) weight (W)

m m

Objective 1.1 cvil cvi2 CVim | YCVy ].Z:(f\fﬁw Ly | RwLPI=w
=1 Wstotal
n m

Objective 1.2 vl cvee Cvem | YCVej A e | RWLzPI=W
=1 Wstotal
m m

Objective 1.m CVm1 CVm2 CVmm ¥CVmj ].Z:(ZHIJDR L | RWLM*P1=Wm
=1 Wstotal

Criterion value of second level objectives of Objective 1 m .

(CV = Criterion Value) izz(ivu‘wsmtal

Source: Authors
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TaBLE IV. EVALUATION SCALE

EVALUATION SCALE:
1-Much Less Important

3- Less Important

5- Equally Important

7- More Important
10- Much More Important

Source: Authors

TABLE V. ESTIMATION METHOD OF THE ALTERNATIVE SELECTION

Alternativas
First Level Second Level | Weighted Second . . .
Do e Tl @ eie Altenative 1 Altenative 1 Altenative m
1.1 W1 Vi1 Vij Vim
—
4 1.2 W2 V21 V2 V2m
=
()
g 1.3 w3 V31 V3j V3m
1.4 W4 V41 V4 V4m
2.1 W5 V51 V5j Vbom
[aN]
@ 2.2 W6 V61 V6j V6ém
=
3]
g 2.3 w7 V71 V7j Vi7m
2.4 W8 V8l V8j V8m
=
()
2
g
'GJ
=
o
n.n Wn Vnl Vnj Vnm
Total Value 100% LW Vi) LW Vi) Z(Wix Vi)
Source: Authors
TaBLE VI. First LEVEL OBJECTIVES
S 1.Costs 2.Design 3.Logistics 4.Environment Total Weight
Be Assessed . . ig .Logisti .Envi ig
1. Costs 5.0 7.0 6.0 6.0 24.00 0.382
2. Design 0.143 5.0 8.0 7.0 20.143 0.320
3. Logistics 0.167 0.125 5.0 8.0 13.292 0.211
4. Environment 0.167 0.143 0.125 5.0 5.435 0.086

D
A

Source: Authors

21




DESIGN METHODOLOGY FOR THE SELECTION OF THE BEST ALTERNATIVE
OF INDUSTRIAL MACHINE MAINTENANCE FOR TIME REDUCTION

TaBLE VII. SECOND LEVEL OBJECTIVES - COSTS

1. COSTS 0.382
TOTAL
Objectives * 1.1 1.2 1.3 14 1.5 RELATIVE WEIGHT | ABSOLUTE WEIGHT
(LINE)

1.1 5 6 7 6 6 30 0.331 0.127
1.2 0.167 5 6 6 7 24.167 0.267 0.102
1.3 0.143 0.167 5 8 6 19.31 0.213 0.081
1.4 0.167 0.167 0.130 5 6 11.458 0.127 0.048
1.5 0.167 0.143 0.167 0.167 5 5.643 0.062 0.024
TOTAL 90.577 1 0.382

*Check Table I.

Source: Authors

TaBLE VIII. SEconD LEVEL OBJECTIVES - DESIGN
2. DESIGN 0.32
TOTAL
Objectives * 2.1 2.2 2.3 RELATIVE WEIGHT ABSOLUTE WEIGHT
(LINE)

2.1 5 8 6 19 0.521 0.167
2.2 0.125 5 7 12.125 0.333 0.106
2.3 0.167 0.143 5 5.310 0.146 0.047
TOTAL 36.435 1 0.320

* Check Table I.

Source: Authors

TaBLE IX. SEconD LEVEL OBJECTIVES - LOGISTICS
3. LOGISTICS 0.211
TOTAL
Objectives * 3.1 3.2 3.3 3.4 RELATIVE WEIGHT ABSOLUTE WEIGHT
(LINE)

3.1 5 6 9 6 26 0.413 0.087
3.2 0.167 5 8 6 19 0.305 0.064
3.3 0.111 0.125 5 7 12 0.195 0.041
3.4 0.167 0.167 0.143 5 5 0.087 0.018
TOTAL 63 1 0.211

* Check Table I.

Source: Authors

TaBLE X. SECOND LEVEL OBJECTIVES - ENVIRONMENT
4. ENVIRONMENT 0.086
TOTAL
Objectives * 4.1 4.2 RELATIVE WEIGHT ABSOLUTE WEIGHT
(LINE)

4.1 5 6 11 0.680 0.059
4.2 0.167 5 5 0.320 0.027
TOTAL 16 1 0.086

* Check Table I. \?/

Source: Authors EDUCOSTA
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VI. SPECIFICATION LisT

To observe the achievement degree regarding mea-
ningful needs, a detailed list of needs with their re-
levance level is presented in Table XI [9].

TaBLE XI. List Or NEEDS — METRICS

N.° NEED Degree
1 Compact and modular replacement system. 16.7%
9 Low in\/.estmer}t in the system’ installation 12.7%

and setting up infrastructure.
3 | Minimal manual intervention. 10.6%
4 | User-friendly and inexpensive operation. 10.2%
5 Fast assembly and dismantling. 8.7%
6 | Easy and low-cost maintenance. 8.1%
7 Easy installation. 6.4%
8 Eco-friendly. 5.9%
9 | Low assembly costs. 4.8%

10 | Safe handling. 4.7%
11 | Safe and agile displacement from storage site. 4.1%
12 | Low noise levels. 2.7%
13 | Affordable and easy-to-find spare parts. 2.4%
14 | Procedures with likelihood of a repetition. 1.8%

Source: Authors

VII. BRAINSTORMING

The six alternatives suggested to improve enhance-
ment opportunities regarding time reduction while
die replacement process are described in this sec-
tion. Fig. 2 makes reference to alternative 2; inside
the oval, mechanical finger stops to be replaced for
pneumatic finger stops can be seen.

Fig. 2. Current Mechanical Finger Stops.
Source: Author

Alternative 1. Addition of a selective gearbox with
no pinion replacement.

Justification: Since this equipment is designed
for different die-cutting process references, every
time the die is replaced it is also necessary to
change gear ratio to keep the same synchronism
between the feeding movement and the machine’s
table. In addition, to reduce adjustment time, mo-
vements can become independent. For this purpo-
se, a device can be adapted next to the existing
one with a second gear set ready to be changed for
the next reference; in this way, there is no need
to alter the device in place but just activate the
additional device.

Resources

Materials: Solenoid valve, reducer, contactor,
sensor, cables, and gears.

Human: A Mechanical Technician and an
Electrician are required.

Estimated Time: 5 days (80 man-hours).

Benefits: Time reduction for reference change
adjustments.

Alternative 2. Mechanical finger stops
replacement for a pneumatic option.

Justification: The machine works with two
metal sheet references with different dimensio-
nal characteristics, for this reason, a fast guide/
finger stop positioning is required; this directed
adjustment entails previously standardized po-
sitions. Fingers are in charge of propelling the
sheet to be cut towards the die; for every change,
these adjust, one by one, in the already delimited
positions.

Resources

Materials: The machine will be equipped with
pneumatic devices and position sensors that iden-
tify each reference dimensions and position the
sheet automatically as demanded.

Benefits: Reduce manual operation of finger
and guide adjustment.

Alternative 3. Changing two lateral button
control panels.

Justification: Both lateral control panels are
broken due to the impact received each time the
emergency stop button is hit. Hence, it is sugges-
ted to change the control panels’ location and ins-
tall a protection device for them.

Resources

Materials: 2 4-button control panels.

Human: An electrician.

Estimated Time: 3 days (24 man-hours).
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Alternative 4. Install an automatic feeder.

Justification: Currently, the feeder operates ma-
nually using a lever. Every time the sheet level redu-
ces, the operator must go to the feeder include more
sheets. The system will have a manual and automatic
option.

Resources

Materials: Control elements like: micro-switches,
sensor, cable, terminals, selector, speed reduction
rods, and limit switches.

Human: An Electrician and an assistant for sen-
sor and PL.C (Programmable Logic Controller) set up.

Estimated Time: 5 days (80 man-hours).

Benefits: Operator’s full attention is addressed
to the die cutting process and collection of processed
strips while PL.C feeds the machine.

Alternative 5. Access to improved tools.

Justification: Tightening and loosing fasteners to
the die equipment is hard work. More when this task
is carried through manually and with improvised
tools. Hence, it is advisable for operators to use suita-
ble tools to ease this procedure.

Resources

Materials: Air-driven fastening tools (guns),
hydraulic jacks, and loading cranes.

Human: Machine operator.

Benefits: Reduce physical effort of operators
and reduce die adjustments and assembly.

Alternative 6. Drawing electrical and mechanical
plans.

Justification: The machine has electrical and
mechanical component and the plans are missing.

Resources

Machine availability for 5 labor days to per-
form the drawing process.

Estimated Time: 60 man-hours (40 hrs offi-
cer y 20 hrs assistant).

Benefits: Fulfill RETIE (Technical Regula-
tions for Electrical Installations for its acronym
in Spanish, [Ministry of Mines and Energy, Co-
lombia]) requirements and reduce inspection time
during repairs.

VIII. WEIGHTED VALUES

Within the first level objectives, cost is the most
important. It has a difference of 6.2% in regard to
design objectives, 17.2% with logistics, and 29.6%
with environment. Table XII presents the six al-
ternatives evaluated under judgment criteria (J)
of people involved in the process, these values are
based on operators’ experience of maintenance
procedures to the machine.

24

IX. SELECTION OF THE ALTERNATIVE

For the objective costs, alternative 5 received the
best valuation, since by purchasing improved tools,
the machine can remain without any modification.
For design and logistics purposes, alternative 2 ob-
tained the best results, since the process can beco-
me partially automatic and manual operation can be
addressed to other activities; this design is simple
and increases technological operation of the ma-
chine with position sensors, thus, reducing human
errors. For environment, alternative 4 is the most
eco-friendly because it uses an existing machine to
take advantage of the process and new noise produc-
tion is null.

Alternative 2 is selected as it validates the idea of
producing changes to the general structure in order
to simplify the arduous task of die change and ad-
justment. The purpose is to use pneumatic elements
to speed up sheet propelling finger replacement.
This alternative attained the best results in design
and logistics and it requires cylinders, solenoid val-
ves, PLC techniques, pliers, verification of compres-
sed air conditions (vacuum, humidity, temperature),
connectors, hoses, sensors, process valves, and ser-
vomotors.

One of the best advantages of these elements is
the considerable reduction of the machine’s volume
since the aforementioned components are substan-
tially lighter and smaller when compared to the ro-
bust cast iron structure it currently has.

X. CONCLUSIONS

The inclusion of design methodologies to engineering
projects becomes a valuable tool to obtain strong
foundations for decision making. Its relevance resi-
des in the opportune data compilation that relates
achievement and selection levels of the possible so-
lutions to the requirements that need to be satisfied.

The use of some elements like: guide units, dou-
ble-acting linear actuator, two solid guide bars for
high cross-section moments and forces.

This method poses a quantitative analysis of
data, a simple and practical formulation of the ideas
presented, and also provides the designer with an
accurate opportunity to choose the best alternati-
ve based on a set of stages and resources included
within the method.

Through the use of a design methodology the tar-
geted objective was accomplished: the identification
of the best option to reduce die replacement time in
the machine for the production of a % gallon contai-
ner lid, ring and 603 steel bottom.

The alternative for the replacement of mechani-
cal finger stops and guides for their pneumatic ver-
sions was the option with the best weighting results
(6.335). This alternative completes, in a larger pro-
portion, the purpose set in the principal objective.

ERUCOSTA
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TABLE XII. WEIGHTED VALUES

. Altern. 1 Altern. 2 Altern. 3 Altern. 4 Altern. 5 Altern. 6
Design .
Category Obiectives Weight
) J|l w |Jl w g w |J| w |[J] W |[J] W
1.1 Low
investment in
the system 0127 | 7| 0889 | 7] 0889 | 5| 0635 | 6| 0762 | 7| 088 | 5| 0635
installation
and setting up
infrastructure.
1.2 User-friendly
and inexpensive 0.102 5 0.51 7 0.714 5 0.51 5 0.51 6 | 0612 | 5 0.51
operation.
(ggszto/i) 1.3 Easy
: and low-cost 0.081 6 | 0.486 5 0.405 7 0.567 5 | 0.405 6 | 0.486 5 0.405
maintenance.
1.4 Low 5
0.048 6 0.288 7 0.336 7 0.336 5 0.24 7 0.336 5 0.24
assembly costs.
1.5 Affordable
and easy-to-find 0.024 6 0.144 6 0.144 6 0.144 6 0.144 7 0.168 6 0.144
spare parts.
Costs Total 2.317 2.488 2.192 2.061 2.491 1.934
2.1 Compact
and modular 0167 | 7| 1169 | 7| 1169 | 7| 1169 | 7| 1.169 | 7 | 1.169 | 4 | 0.668
replacement
system.
2.2 Minimal
Design (32%) manual 0.106 5 0.53 7 0.742 5 0.53 7 0.742 5 0.53 3 0.318
intervention.
2.3 Safe 0047 | 6| 0282 | 6| 0282 | 6| 0282|5025 7] 032 |4]|o1ss
handling.
Design Total 1.981 2.193 1.981 2.146 2.028 1.174
3.1 Fast
assembly and 0.087 5 0.435 7 0.609 7 0.609 5 | 0.435 6 | 0.522 2 0.174
dismanteling.
?"2 Easy' 0.064 5 0.32 5 0.32 5 0.32 5 0.32 5 0.32 4 0.256
installation.
3.3 Safe
Logistics and agile
(21.1%) displacement 0.041 5 0.205 5 0.205 5 0.205 7 0.287 7 0.287 5 0.205
from storage
site.
3.4 Procedures
with likelihood 0.018 7 0.126 5 0.09 5 0.09 6 0.108 5 0.09 4 0.072
of a repetition.
Logistics Total 1.086 1.224 1.224 1.15 1.219 0.707
4.1 Eco-friendly. 0.059 5 0.295 5 0.295 5 0.295 5 0.295 5 0.295 1 0.059
Environment | 4.2 Low noise 0027 | 5| 0135 |5 | 0135 | 5| 0135 | 6| 0162 | 5| 0135 | 1| 0.027
(8,6%) levels.
Environment Total 0.43 0.43 0.43 0.457 0.43 0.086
Total 5.814 6.335 5.827 5.814 6.168 3.901

J: Judgment W: Weighting
Source: Source
v
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The company can implement this technology to
develop enhancements in different fields of work;
with this study, it was validated for maintenance
first, however, as it becomes more used within per-
manent enhancement projects in the company, the
advantages can become more evident.

The support of the University in this process and
the inclusion of the operators allowed an increase
in the sense of belonging of the workers as they
manifested their intention of presenting enhance-
ment proposals to keep implementing this type of
methodology in different areas.
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