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ABSTRACT

This paper presents a simulation model developed with SIMIO software for representing the activities
performed in an electrical measurement and testdadxy. The main goal is focused on the optimization

and monitoring of the performance standards applied in the laboratory to certificate products for selling.
The computer model allows identifying the principal weakness and bottlenecks of the processeMor

the performance measurements generated by simulation experiments are used for making decisions to
enhance the current operation procedures and quality of service.

1 INTRODUCTION

According to the work published by The United Nations Industrial Development Organization (2012),
over one and a half billion people, mainly in developing countries, do not have access to electricity. As
their fastgrowing demand for electrical energy -expected to triple by 285@et over the coming years,

there will be a rapid increase in the use of electrical household appliances and industrial installations and,
with this, a concomitant need to check the safety and quality of electrical equipment on the market. This
will be a major challenge for developing countries that lack adequate electrical testing capacity.

Actually, electrical testing laboratories must comply with the requirements of the international
standard ISO/IEC 17025, general requirements for the competence of testing and calibration laboratories,
for demonstrating that they operate a good quality management system. For MacHaney (1991), a means
of certifying quality can be through the use of computer simulation. For this author, the construction of a
simulation model will provide the following benefits as recommended by most quality management
programs: (i) detection of unforeseen problems prior to the design being finalized, (ii) prevention of error
in system design and construction, (iii) providing additional knowledge about the system being designed,
(iv) encouraging communication, and (v) helping to build in quality. For Megha (2012), process
simulation aids in the improvement of qualdsiven measurements, such as service level and waiting
time, and resource driven measurements, such as cycle time and activity cost.

This paper aims to develop a discreteent simulation model —DESor improving the quality
procedures of the Electrical Measurement and Test Laboratory (LAMYEN), located in Santa Fe
(Argentina). This organization, which complies with the requirements of ISO/IEC 17025 standard,
provides services for conformity assessment of performance aty shfowvoltage electrical products
in compliance with national and international standards. Actually, the use of DES into quality
improvements efforts —QIremains as an open challenging for resea@mly few contributions have
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been reported in this direction. Spedding and Chang (2001) proposed a simulation model to improve
productivity and quality, and reduce cost in manufacturing syst&ugberget al. (2013) conducted a
simulation project for quay management in health care systems. According to these authmss, m
systematidQl methodologies includat least 4 phases: (1) definition of the problem to be addressed, (2)
measurement and analysis of the system to be improved, (3) testing and implementation of strategies for
improvement, and (4) ongoing maintenance of the newly designed process. Particulanyrdeing the

quality procedures of thaboratory the DES is suited to support steps 2 and 3. The main goal is focused
on the optimizatiorand monitoring of the performance standafse total testing time and cost are
critical variables to minimize. The improvements proposed must ensurehéhdaboratory fulfills
efficiently with the increasing number of testing arrived to the centéeitast years.

2 PROBLEM DESCRIPTION

The LAMYEN provides testing services for electrical products in compliance with national and
international standards. In order to ensure that an electrmadiligtris safe for use, the product is passed
through a rigorous gauntlef testing. Among these tests are electrical safety test which are designed to
test the electrical integrity of thgroduct itself The families of products covered by the laboratory are:

Household and similar electricgbgliances (HSE
Information technology equipment (ITE)
Luminaires (LUM)

Handheld motoreperated electric tools (MOET)
Special tests (ST)

Sample products are received from clients and subjected to tests that are usually both destructive and
time consuming. fiere are three main categories of test that the laboratory may perform:

1. Type Tests carriedut at first time for certifying a product with its particular standards.
2. Reduced Tests probingeriodically electrical security basic characteristics after a Type Test.
3. Verification of identity using to identify a product previously tested by a Type Test.

The conformity process of a product is described in Figure 1. When the product to be certified arrives
at the laboratory, a new service order is generated. Then, this task is assigned to an operator, who
performs the testing and verification of the prodi&aally, the resulting data is collected and a technical
report is sent to both the client and the certification agency.

4. Test
Report

5. Review and

1. Arrival of 2. Operator :
3. Testing Run (R

Service Order Assignment

Figure 1: Bectricalconformity process.
Stage 3 of conformity process depicted in Figure 1 changes according to both the type of test (type

test, reduced test, or verification of identity) and the family of product to analyze (HSE, ITE, LUM,
MOET, or DT). All tests are performed in logical sequence as shown in Figure 2. As seen in this picture,
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the laboratory operates three test chambers, Humidity, Luminaries and Duration. During testing process,
the products are placed in these chambers for several hours to see how they react to different climatic
conditions and operation cycles. The test chambers have a limited capacity and cré@mheesources

for testing process.

A Post
e HSE Type Test Pre-chamber Humidity
chamber Test Report
Pre-chamber Humidity Luminaries o
e LUM Type Test Chamber Cf_]raergtk;er Test Report
L Post
e MOET Type Test Pre-chamber Humidity
chamber Test Report
° Red.L.Jcec.i Test . . Manual Tests Test Report
e Verification of identity

Figure 2: Bectrical testing procedures.

The number of testto be performed will also be determined by (i) the space allocated for the
laboratory and (ii) the number of staffhe physical distribution of laboratory room is depicted in Figure
3 while the staff level is described in Table 1. Figursh8ws the logial sequence that follows the
products arriving for electrical testing:

1. The product is kept in administige areauntil the service order will be generated and assigned to
a technical operator (OP).

2. The item to be tested is transportezin administrativearea to thestorage area.

3. When the OP assigned is available, he takes the product from the storage area and starts with the
prechamber tests. The pobramber tests are performed on a dedicated table.

4. The product is placed in one of test chambers according to its type.

5. The OP collects testing data and prepares a regich is then sent to laboratory head (LH) for
its control.
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Figure 3: Physical distributioof laboratory room
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Table 1: Staff level.

Type Number
Administrative Staff (AD) 2
Laboratory Head (LH) 2

Technical Responsible (TH 1
Technical Operators (OP) 20

3 THE PROPOSED SIMULATION-BASED FRAMEWORK

The operation proceduregserformed in thdaboratorywere translated to a simulation model by using
SIMIO software(Kelton et al.2011). SIMIO is a simulation modeling framework based on intelligent
objects. Actually, this software is used to represent a veidge of production and service systems
(Béasan et al2014,Moretti Fioroni et al. 2014). A modén SIMIO is built by combining objectghat
represent the physical components of the sysi#m.object might be a machine, robot, airplane,
customer, doctor, tank, bus, ship, éatities, Resources, Servers, Workstations, Sources, Sinks, Nodes,
and Connectors are commonly used Objects from the Standard Library. It is worth to remark that SIMIO
allows building 3D animated model which provides a moving picture of the system in operation.

Before developing the computer modidle model conceptualization was determined and then the
needed input data from the real system was collected. The dynamic entities were classified according to
both the family of product and the type of test to perform. In this way, we can identify the following
categories:

1. HSET: Household and similar electrical appliancBge tests.

2. ITE-T: Information technology equipment. Type tests.

3. LUM-T: Luminaires. Type tests.

4. MOET-T: Handheld motoreperated electric tools. Type tests.

5. ST-T: Special tests

6. HSER: Household and similar electrical appliances. Reduced tests.
7. ITE-R: Information technology equipment. Reduced tests.

8. LUM-R: Luminaires. Reduced tests.

9. MOET-R: Handheld motoreperated electric tools. Reduced tests.
10. VI: Verification of identity

The conformity process was modeled by using the standards objects provided by SIMIO. Figure 4
shows the initial basic structure of the simulation model. The Source object named Sourcel is instanced
to generate testing arrivals according to a weekly calendar. Once received the product to be test, a new
service order is generated by the server object named WorkOrder. In SIMIO, a Server object is used for
representin@ capacitated process such as a machine or service opéeragonthe product is transferred
to Servemamed Desk where patambers tests are performed. Next, the products are placed in one of
climatic chambers for several hours. Note that the equipment needed to perform the technical evaluation
of the product is also modeled with Server Objects. Fin#tilg, technical responsible (TR) and the
laboratory head (LH) make the summary report and perform control activities, respectively.

When a new service order is generated, it has to be assigned to one of the twenty technical operators
available. Each operatavas represented in the model trough a Worker Object. Due to a few operators
have the qualification and experience necessary to implement the international standards, it was needed to
add an Operator Assignment Process to the model (see Figure 5).
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Figure 4: 2D Computer model in SIMIO.

A SIMIO process is an additional logic that can be inserted into the Standard Library objects at
selected points to perform some custom lo@lee work shifts are based on the work Schedule given in
Figure 6 During simulation run, the quantity of orders assigned to an opé&atwwwn in Figure 7.

~  hsignaRecurso Add-On Processes
AsignaRecurso

Searchl Azzign3
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Figure 5: Operator assignment process.
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Figure 6: Work Schedules for technical operators.
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Figure 7: Simulation in-progress, quantity of orders assigned to each operator.

The number of tests to be performed during a time period will be determined by, among others, the
equipment capabilities. As seen in Figure 4, these resources are represented as Server objects in the
simulation model. At first, the products requiring a type tests are transported to the common tables (Desk)
where the prehamber tasks are accomplished by the technical operator. The processing time at desk is
different for each type of test. Then, each product is transported to the chambers for checking its
performance (see Figure 2). The chambers are able to test a limited number of products per time and each
product is placed in the chambers for several hours (fixed time). While the product remains in the
chambers, the assigned operator is release and imeeedrother service orders. Due to some products are
not processed in all chambers (see Figure 2), a Sequence Table was defined to determine the routing
sequence of equipmend visit for each dynamic entity (see Figure 8). Once the climatic tests were
pefformed, the products are transported again to the desk for thehamsbers tasks. Finally, all
technical data collected during the testing process is sent to servers LM and TR representing the
Laboratory Manager and the Technical Responsible, respgctiv@ther important aspect of the real
system is théaboratoryphysical space. Thethe equipment distribution and path spaces are considered
as shown Figure 7.

The 3D view of the in-progress SIMIO model is given in Figure 8, where the green and pink
rectangles represeithe storage of products awaited for processing (Station Objects) while the status
labels located at right of the picture shows the number of products actually placed in each chamber.
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Figure 8: Routingables.
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Figure 10: Simulation kprogress.

4 CONDUCTING SIMULATION EXPERIMENTS

Having built the computer model, the next steps in the simulation project were the verification and
validation. At first, the operational behavior of the model was obselwedg the simulation progress in

order to detect errors that can be observed through animation. Besides, the status of variables, attributes,
gueues, and resources was monitored during each simulation run to verify that the model was correctly
implemente in the simulation software. Next, for validation, the data collected from the real system was
compared with those given by the computer model and additional adjustments were made.

For conducting simulation experiments, ‘ad@signwas constructed. This iusually referred to as
screening design for exploring a large number of factors, each one having just two levels. The factors and
involved levels in the experiment are described in Table 2. For chamber capacities, the proposed levels
stand for the produs number that can be tested at a given time. The skill level 1 refer to the current
performance of an operator while level 1.1 represents an operator that is qualified to reduce its services
times. For each combination of factor levels, five replications were run. The response variable to measure
was the total process time.
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Table 2:2<experimental dsign

Factor L ow High
Humidity Chamber Capacity (HCC) 5 10
Luminaries Chamber CapacifijyCC) 4 6
Duration Chamber Capacity (DCC) 2 4
Operator Skil(OS) 1 1,1

SIMIO software was used to run the experiments and to obtain total procesghéngall data was
translated to MINITABL6 software for performing the analysis of variance (ANOVA). For example, for
household and similar electrical applian€@adSET), the output results showed in the following pictures
were obtained. The Pareto Chart and Normal Plot of the factors and interactions effects are given in
Figure 11. The Pareto Chart is used to determine the magnitude and the impdreffessowhile the
Normal Plot of the Standardized Effects displays negative and posifacts, both of them on the left
sideor right side of the line. From Figure 11, factors with significant effects on the response variable are
the Humidity Chamber Capacity and the Operator Skill.
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Figure 11: Pareto Chart and Normal Plot of Standardized Effects.

The ANOVA for the HSET category is shown in Figure 12. A smalvalue (<0.05, level of
significance) indicates that the two factors referenced above have statistically significant effect on the
response variable. Moreover, the main effects plots and the interactions plot are given in Figure 13. Note
that the lines correspondgjrito Humidity Chamber Capacity and Operator Skill in the main effects plot are
not horizontal because they affect variable response. The analysis described above was performed for
each product category to test. The factors that have a significant effdt total process type of each
type of test are resumed in Table 3.

Once conducting the simulation experiments, news polices were evaluated in order to enhance the
current process performance. In this step, the scenarios described in Table 4 were proposed.

The response variable, i.e. total process time, is decreased in Scenario 1 with regards to the original
configuration. In this first scenario, we conclude that the number of operators needed is 11. In Scenario 2,
the performance measurements are alsmmeement but in this configuration the number of operators
used is decreased from 11 toA& conclusion, recruiting more highly specialized people is a key to the
success of the laboratory.
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Sour ce GL SC Sec. SC Ajust. CM Aj ust. F P
Princi pal Efects 4 32,8766 32,8766 8,2191 55, 60 0, 000
HCC 1 0, 7229 0, 7229 0, 7229 4,89 0, 030
LCC 1 0, 0444 0, 0444 0, 0444 0, 30 0, 585
DCC 1 0, 0163 0, 0163 0, 0163 0,11 0,741
cs 1 32,0929 32,0929 32,0929 217,09 0, 000
2-Interactions 6 0, 6148 0, 6148 0, 1025 0, 69 0, 656
HCC*LCC 1 0, 0145 0, 0145 0, 0145 0,10 0, 755
HCC* DCC 1 0, 0078 0, 0078 0, 0078 0, 05 0, 819
HCC* Cs 10,0049 0, 0049 0, 0049 0, 03 0, 855
LCC*DCC 1 0, 1971 0, 1971 0, 1971 1,33 0, 252
LCCCs 1 0,3253 0, 3253 0, 3253 2,20 0, 143
DCCx Os 1 0, 0653 0, 0653 0, 0653 0, 44 0, 509
Resi dual error 69 10, 2004 10, 2004 0, 1478
Lack of fit 5 1,1618 1,1618 0, 2324 1,65 0, 161
Pure error 64 9, 0387 9, 0387 0, 1412
Tot al 79 43,6918
Figure 12: ANOVA.
Mam Effects. T1 Interaction Plots. T1 |
L oec | [ ] : s S {::}
: — L] | 3 s ’ --r[= :
i =]

Figure 13: Main Effects and Interaction Plots.

Table 3: Significant factors for each type of test.

HSET: Household and similar electrical appliances. Type tests.

— Humidity chamber
— Operator skill

ITE-T: Information technology equipment. Type tests.

— Humidity chamber
— Operator skill

LUM-T: Luminaires. Type tests.

— Luminaires chamber
— Operator skill

MOET-T: Handheld motoreperated electric tools. Type tests.

— Operator skill

ST-T: Special tests

— Duration chamber
— Operatorskill

HSE-R: Household and similar electrical appliances. Reduced tes

— Operator skill

ITE-R: Information technology equipment. Reduced tests.

— Operator skill

LUM-R: Luminaires. Reduced tests.

— Operator skill

MOET-R: Handheld motoreperated electritools. Reduced tests.

— Operator skill

VI: Verification of identity

— Operator skill
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Table 4: Alternative enarios.

New Poalicies
. Work Shift of 8 hours
Scenario 1 . . .
Each operator is capacitated for performing only one types o
, Work Shift of 8 hours
Scenario 2

Each operator is capacitated for performing all types of test

5 CONCLUSIONS

This work has presented the development and application of a simulation-based framework for improving
the operational activities of an Electrical Measurement and Test Labofatalectrical safety security

of appliancesThe principal aims it to provide a systematic methodology that allows testing different
measures of effectiveness and performance rates for the system. SIMIO simulation software and Minitab
statistic software were suitable to carry out laboratory activities representation. The simulation model,
which presents a uséiendly interface, is actually used for making operative, tactical and strategic
decisions though the evaluation of different operative schemas and possible alternatives of investment.
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