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KAJIAN TENTANG PENGARUH KONFIGURASI LATIHAN RENTAS

DALAM GARISAN PEMASANGAN

ABSTRAK

Dengan membolehkan operator-operator kilang untuilakakan tugas yang
pelbagai dalam organisasi, suatu model latihanasetelah 1 Tujuan
utamanya ialah untuk menggalakkan kepelbagaiansfwmerator-operator tersebut
dan seterusnya meningkatkan kefleksibelan tenaga. k&ajian ini bertujuan untuk
mengkaji kesan-kesan pelbagai jenis konfiguragidat rentas, berfokuskan kepada
garisan pemasangan di bawah pengaruh ketidakhadip@nator, pusing ganti
operator, penukaran produk dan proses pembelajangas oleh operator.
Konfigurasi latihan rentas yang diujikaji adalalukbsnya berkaitan dengan Giliran
Berjadual, Operator Terapung, Perkongsian Kerjaz@er— Perantaian Dua
Kemahiran, Perkongsian Kerja Berzon - Berhierarkdan Kraf. Manakala
produktiviti, kemahiran purata operator, sisinammkeiran purata dalam operator,
sisihan kemahiran purata di antara operator darb&ggerak tertanggung merupakan
ukuran prestasi yang digunakan. Sebuah kilang pemgas di Prai telah digunakan
sebagai satu kajian kes di mana model simulasi gdeagn yang stokastik telah
dibina dengan menggunakan perisian simulasi WITN&ES8tegrasi dengan Visual
Basic dan pangkalan data Microsoft Access untukjpempulan data. Data asas yang
diperolehi akan diperiksa terlebih dahulu secaratistik dengan ujian tak
berparameter dan kemudian dibincangkan secara muenlye Keputusan analisa
menunjukkan perbezaan yang ketara dalam ukuranapregmng digunakan, oleh

sebab itu klasifikasi yang sewajarnya telah dibhasilnya adalah berpotensi untuk

Xi



memudahkan pemilihan konfigurasi latihan rentasgydapat memenuhi prestasi

tertentu yang diingini dalam aplikasi industri sede

Xii



INVESTIGATING THE INFLUENCES OF CROSS TRAINING

CONFIGURATIONSIN ASSEMBLY LINES

ABSTRACT

By permitting operators to perform a different paftthe organization's work, a
cross-training model is Jlts chief purpose is to promote multi-functiomgali
of operators thus improves workforce flexibilityhi$ research intends to investigate
the effect of cross-training configurations, foagsion assembly lines under the
influences of operator absenteeism, operator t@moproduct changeover and
learning. The cross training configurations, speaify Scheduled Rotation, Floating
Operators, Zoned Worksharing — Two Skills Chaini@gpned Worksharing —
Hierarchical and Craft were experimented. Productivity, average skilbpérators,
average skill deviation within operator, averagd dleviation between operators and
the travelling cost incurred were the performan@asures employed. An assembly
factory in Prai was used as the case study in waistochastic production simulation
model was built upon by using WITNESS simulatioftware integrated with Visual
Basic and Microsoft Access database for data daiecThe raw data obtained were
first statistically examined with non-parametristieand later thoroughly discussed.
As results showed the significant discrepanciesaohumber of performance
measures on cross training configurations emplogeshective classifications were
duly built. The result potentially facilitates theelection of cross training
configurations to meet certain intended performanoeasures in real industry

applications.
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CHAPTER 1

INTRODUCTION

1.0 Background

In a traditional production line, operators are npamently allocated to
specific workstations in order to achieve task sdeation. The ideas of Fordism
are largely embraced, which are closely associatddany mass production system.
According to the ideas, productivity can be imprbu®y breaking down the total
operations into simple tasks and performed by tlperaiors with sufficient
qualifications. Large number of operators, eachfgoeting the specialized tasks
repetitively tends to reduce the cost and thereimaece the competitive advantage.

In recent years, however, the need to thrive innamensely volatile and
competitive economy has compelled organisations\se its operational flexibility.
By definition, operational flexibility is the abiji of an organisation to produce
required variety and quantity of outputs in anadint manner. The measuring of
operational flexibility is manifold, largely relateto the conversion of resources to
end products. Operators are considered one ofdbeurces. They are important
because they are front-liners whom performancesctlyr linked to the productivity
and product quality. From the viewpoint of operatoanagement, operational
flexibility therefore has to reflect the propertiyahangeover in work pattern to cope
with varying environment, e.g. customer demand. elv, the internal disruptions,
e.g. absenteeism, turnover and morale issues case caegative impact to the
operational flexibility. In that context, revampitige operational flexibility includes

introduction of new techniques such as cross-tnginiCross-training is an



instructional strategy in which each operator &nted in the duties of his or her
colleagues (Volpe et al. 1996), resulting in acigjois of multiple skills in time and
flexible assignment as the need arises (Hottenat@inBowman 1998).

Nevertheless, research fostered on cross-trainiag Imdicated that
practitioners are still attempting to comprehend warious effects inherent by the
application on their shop floor operation. A petusiathe latest relevant literature
has shown myriad varieties of cross-training whielve been proposed, often in the
disguise of different names, despite sharing aerti@its of technical similarity. A
lack of a universal framework of classificationvasll as a complete documentation
of related performance measures complicate congrariamongst the varieties. This
leads to the belief that the research developnmettiti$ area, separately embarked by
groups of different disciplines, has yet to be aidated into a unified whole.

The deftness in procuring an optimal balance oéaff emanating from
practicing cross-training will inevitably influenceventual production yielding in
consequence to the pressures of a product-mix gumafiion, apart from having to
assuage frequent set-up disruptions, distended tispensed for conducting
refresher training courses, the diverse learninghrh or pace and the ultimate
performance level achievable. Therefore, from tidustry’s perspective, the cross-
training research is of paramount consequence.r&bglts of the studies provide
valuable insights to the performance prior to ddimplementation. This leads to the
confident deployment of cross-training to addrassiés affecting products’ variation
cycles, absenteeism and workers’ rotational dutveBout undermining workers’

morale and impairing output.



1.1 Resear ch Problem

A perusal of a considerable number of literatuegeals that the studies of
cross-training are largely unsaturated and oftelpm specific. The terminologies
and classifications adopted are varied in liteetdihis entails difficulties in making
valid comparison. In additions, as most studies iatended to gain theoretical
insight, the corresponding simulations found seldefate to real case study. The
results obtained from the literature review caryqnbvide limited guidance in view
that every actual manufacturing shop floor is igiesatic in many aspects. Here,
practitioners face such a situation where thera dilemma in selecting a suitable
cross-training configuration in a factory consistsmultiple assembly lines. In this
premise, there is a need to build a comparativaystinrough the computer

simulation reflecting a real case study, of thevplent cross-training configurations.

1.2 Resear ch Objectives

The purposes of this research are:

1. To establish the cross-training simulation modéist trepresenting the
actual environment of manual assembly in the caslys

2. To investigate the effect of environmental factamsluding operator
learning, absenteeism and turnover, also produengdover on the
performance of the manual assembly environment.

3. To compare the effectiveness of different crossmg configurations
including Schedule Rotation (SR), Floating Opera{6iO), Zoned
Worksharing (ZW) and Craft (CR) under the influencé the

environmental factors.



4. To determine the best cross-training configuratibg a set of
performance measures such as productivity, aveskitief the operators,
average skill discrepancies within and betweenaipgs) and travelling

distance incurred between workstations.

1.3 ThesisOutline

This thesis is organized as follows: the chaptee@ews on cross-training,
classification of cross-training configurations,nbéts and drawbacks of cross-
training and performance measures that associatenoss-training. Besides, this
chapter also describes the environmental fact@isrtay affect the performances of
the operators, computer simulation in cross-trgnifhe chapter 3 discusses on the
research methodology and the construction of timellsition study. Then, the chapter
4 presents the simulation results and the stalstnalysis on the results. The
chapter 5 gives the discussion on the results.llizinthe chapter 6 provides the

conclusions of this study and the appertainingriutmorks.



CHAPTER 2

LITERATURE REVIEW

2.0 Overview
This chapter presents a variety of cross-trainimgfigurations and its
classifications, benefits and drawbacks of croamiimg and performance measures

that found in literature.

2.1 Cross-Training

Abrams and Berge (2010) defined cross-trainingpesaiors are trained to do
more than one task within a company, while McDoreldl. (2009) described cross-
training as operators are trained on the tasksesjund responsibilities of multiple
tasks in a specific work cell or work area. To basistent with the variety of cross-
training configurations understudied in this resBaa more descriptive definition is
provided. Formerly, cross-training is work allocatimethod where an operator or a
group of operators are intentionally repositionedhandle different type of tasks.
The trigger for such repositioning can be at a greanined interval or reactive, e.g.
by event.

The preliminary stage in determining whether andv ltbe cross-training
should be applied in the organization depends erotganization’s vision. In vision,
an organization states their competitiveness i, aivery speed, product quality
and variety by improving the capability of the puoton system. Therefore, it
involves the implementation of cross-training iewiof the associated advantages

potentially in line with the attainment of aboverhened competitiveness. Once the



organization decides to apply cross-training, thgaoization may have to consider
issues related to the cross-training design. Tis i the extensiveness of cross-
training, secondly the cross-training configuratiand lastly operators assignment

policy (Hopp et al., 2004).

Extensiveness of cross-training

Extensiveness of cross-training refers to the lefeross-training, which is a
measure of the number of tasks each operator oragkembly line is trained to
perform. One extreme of extensiveness of croseHgiis to have total flexibility in
which all operators for all workstations are todress-trained on all tasks. However
the practicality and the cost issues are the n@jocerns (Slomp et al., 2005). Kher
and Malhotra (1994) showed that a high level of rafe flexibility leads to
considerable losses in productivity, as time regliito orientate new workstations,
accessing information about the job to be perforrmédhe new machine, and

learning or relearning the setup procedures.

Cross-training configurations
A cross-training configuration represents all tnags or qualifications of
operators and indicates which operators are trafoeavhich machines. It can be
represented by an operator-machine matrix or hpartite graph with operators and
machines as vertices and skills as edges. Seveiss-training configurations found
in literature are scheduled rotation, floating @pers, zoned worksharing, cratft,

operator prioritized worksharing, and cherry pigkin



* Scheduled Rotation
Scheduled rotations the lateral transfer of operators among a nunabe
different positions and tasks within jobs whereheaequires different skills and
responsibilities. Operators learn several differgalis and perform each task either
for a specified time period or in a predeterminedugnce. Rotating tasks facilitates
operator to understand the different steps thanhtgwcreating a product, how their
own effort affect the quality and efficiency of pection, and how each member of
the team contributes to the process. It is widalgduin most production industry to
balance lines, manage bottlenecks, and providenergic relief as well as support
skill development (Hopp and Van Oyen, 2008¢heduled rotatiomlso enables the
training of operators to be backups for other ojpesaso that managers have a more

flexible work force and a ready supply of traingubaators.

* Floating Operators

In afloating operatorscenario, a group operators are permanently s&tio
at a particular workstation at the line, while i (can be fully cross-trained or
partially cross-trained operators) in the line nmagm freely to provide assistance
where needed. They float to the most urgent tasledan the congestion of the
system. Two common uses ofl@ating operatorare to replace an absent operator or
a specialized operator taking a scheduled shoekb(ee. an operator who is not
cross-trained). They can be seen as an additi@@doity to deal with imbalance
during the production process. Managers or supawisnay use part of their
working times to serve as a floater for the promuncbperations which need their

assistances. Hopp and Van Oyen (2004) mentionddfldaing operators can be



allocated to the production system to fill the @per gap if the staffing level varies

from the planned absenteeism

e Zoned Worksharing

In zoned worksharingteams of operators are cross-trained to work uadeork
zone. The operators are cross-trained with severighbouring tasks at a zone and
they obtain the skill successively in this caseth&oelder operators possess the skills
of the subordinate operators. There is overlappang non-overlappingzoned
worksharing However, much more literatures have focused ogrlappingzoned
worksharing One of the cases in overlappingned worksharings the half-hull
policy, where the workers choose jobs to try topkeeer-station buffers half full.
Ostolaza et al. (1990) and McClain et al. (1992)her studied the half-full buffer
policy in the overlapping zoned worksharing identify the effects that occur in
systems which rely on the worker flexibility. Inettstudy of Gel et al. (2000), the
authors studied two-stage production systems atablesh a “fixed before shared”
principle, which has the broadly skilled workersegstrict priority to the task types
for which only they are trained. In this way, tlesd-skilled workers are protected
from starving for lack of tasks for which they arained.

D-skill chaining, which proposed by Jordan and @say¥1995) is another
case in overlappingoned worksharing It is easier to illustrate this by setting the D
equal to 2 (D represents the number of skills egugrator possess), operators in 2-
skill chaining are trained for a base and a sedasHl type. The assignment of task
types to operators is overlapped to form a chaime chain is complete if every work

zone has a backup operator from another work zgperator from each work zone is



cross-trained on a task in another work zone ahdi@k zones are interconnected

(Jordan et al., 2004).

o Craft

Craft is a practise where completely cross-trained dapeyacarry an entity
from start to finish and perform the required tasksit without others’ help. The
basic case imraft is pick and run (PR), where the operators perfafirthe tasks
required to complete the current unit solely beforecessing the next unit. Toyota
gear manufacturing process is a successful exaohgléective application of the PR
form of aaft production (Monden, 1983). Van Oyen et al. (20§igwed that PR is
generally very effective and possesses a near-appuolicy in a demand constrained
(make-to-order) setting. It can be shown to be nogtiin capacity-constrained
systems with a constant WIP level as well. Instehgerforming all the required
tasks individually, @ft can also be implemented in teams, and this ise@ras

expedite (XP). Operators work on an entity fromlleginning to the end as a team.

» Operator Prioritized Worksharing
In operator prioritized worksharingthe tasks are assigned to the operators
based on the prioritization of operators. Gel e{2000) modeled an example of this
approach based on two operators and two task ptiodugystem. The priority rule is
established for a project leader who is broadliteskito assist in one task and for the

task types that he/she is trained in.



» Cherry picking
Cherry pickingassigns the operator with surplus capacity tontbekstations
that need help (Hopp et al., 2004). This configarats especially applicable to the
production line, where the average work contenth&f operators is unbalanced.
Production lines that are unbalanced with respeetverage work content will cause
some operators to idle periodicallgherry pickingallows such an operator to split

his/her effort over time to improve operator utlion and throughput of the line.

Operators assignment policy

A number of operators assignment policies will becassed here which
includes First-Come First-ServedFixed-Before-Shared PolicyMaximum Queue
Policy, Maximum loadPolicy andBuffer Policy

e First-Come First-Served Policy

Common in production, ifrirst-Come First-Served Policpperators process
the tasks in the order of the task type arrivalk &oample, an operator who has
qualified for Task A and Task B in workstation llivgerform the task he/she first

receives.

* Fixed-Before-Shared Policy

This policy is applicable under situations wherréhis a mix of cross-trained
operators and static operators (specialists) inptoeluction line. Each operator
performs a base (fixed) task and another crossedaitask. The cross-trained
operators are given priority to the task type thafshe is uniquely qualified before

helping out other operators. In other word, croasied operators always process a

10



base task whenever they are available at a deaggiooh. Gel et al. (2007) showed
that it is optimal for the cross-trained operatmatways process the tasks that only
he/she can do before helping out the static opelafeecialist). This policy also

found to be effective for systems with hierarchiwalss-training (Gel et al. 2000).

*  Maximum Queue Policy

This policy allows the operators to work on the kaation which has the
maximum task queue length regardless of the wonkerd. For instance, supposed if
an operator must choose between two workstatiareswath three tasks in the queue
and an expected total processing time of twentyutes and the other with eight
tasks in the queue and an expected total procesisiggof one minute, operators
choose the workstation with the longest queue tengider this policy. Askin and
lyer (1993) implemented this policy to reduce tlgioput times in cellular

manufacturing systems.

* Maximum Load Policy

This policy assigns the operator to the workstatuith the largest workload.
For the example above as in maximum queue poliog, with three tasks in the
queue and an expected total processing time oftyjwainutes and the other with
eight tasks in the queue and an expected totalepstng time of one minute,
operators will choose to perform at workstationhwiliree tasks in the queue and

total processing time of twenty minutes for eadkta

11



» Buffer Policy

The idea in this policy is that buffer between therkstations is assigned
with a certain threshold value. A threshold isadticed in the buffer as an indicator
for the operators to process the task on next watike if the buffer of that
workstation exceeds a preset threshold values laéilshe completes the task in the
current workstation. This policy is specificallymigable to 2-skill chaining where
has been discussed above, in part (ii) cross-trgiconfiguration (Hopp et al., 2004).
Hopp et al. (2004) considered two different buffiereshold values in their study

which are uniform buffers and the time buffers.

2.2 Classification of Cross-Training Configurations

Cross-training configurations can be further catego into degree of
overlapping and exchange interval as shown in Eiduf. Degree of overlapping
indicates the extensiveness of the operators hess-trained and the amount of the
overlapping skills that own by the operators wheelm be further divided into partial
cross-training, full cross-training and heuristaesb. While exchange interval shows
timing of the operators to move to other workstatio further perform the assembly
tasks in the line after completing the task in ¢herent workstation and this can be
further divided into time based trigger, dynamiemivtrigger and remain. Table 2.1
summarizes the criteria that must be fulfilled bgrass-training configuration. For
example, if a cross-training configuration thatfifulthe requirements such as
varying degree for the degree of overlapping anthrnay for the exchange interval

then it iszoned worksharing — hierarchical

12
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Figure 2.1: Classification of Cross-training Conufigtions

Table 2.1: Summarized table of the classificatiboross-training configurations

> (without
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training
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(f) Remain > prioritization
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Cross-training
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(€2)] (c3)] (d)

Exchangeinterval
(el) (e2) (e3) (e4

(f)

Scheduled
rotation
Floating
operator
Zoned
worksharing —
hierarchical
Zoned
worksharing —
D-skill chaining

Craft

Operator
prioritized
worksharing

Cherry picking
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2.3 Benefitsand Drawbacks of Cross-Training

Cross-training, on an immediate term, if accordingHopp et al. (2004),
offers benefits of “capacity balancing” and “vaiidp buffering”. The former is
achieved by allowing operators to split their effoover time in a production line
with respect to average work content. In spite lné fact that operators are
deliberately idled periodically, overall operatdilimation and line throughput will be
improved. The latter is achieved by allowing themor of an assigned workstation
to switch to other workstations if starving is eanotered in his or her workstation.
This practice is particularly common in productilimes with workstations having
varying processing time. Variability buffering ischaeved without significant
additional investment of equipment or operator (pl@b al. 2004). The studies of
Monden (1983) and Inman et al. (2004) have showeat d& group of cross-trained
operators will be more productive than a group Wl same number of specialized
operators, because there is more opportunity @nisalworkloads among operators.
Cross-training has even greater impact on througtme and delivery performance
of jobs, on condition that there are appropriaterafing rules (Treleven 1989).
Cross-training can be seen as one of the ways sbi@u against the impact of
uncertainties and variation in workforce supplyls@s absenteeism. Inman et al.
(2004) introduced the concept of chaining to staffassembly lines by cross-training
each section’s utility operator on one task indbgnstream section and it is shown
that chaining is a practical and effective stratégy prioritizing cross-training to
compensate for absenteeism on assembly lines. Nathleh al. (2005) established a
real option framework for a simple sequential pthn system to evaluate the

effectiveness of cross-training policies on prodiytamics, labour dynamics, task
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heterogeneity and workforce heterogeneity. Resultggest that cross-training can
effectively enhance the capability of productiorsteyns to respond to changes in
demand and the competitive environment. In the ystoid Molleman and Slomp
(1999), the adverse effect of absenteeism is lessby simply having each task to
be mastered by two operators as a general trapahgy.

Another benefit subtlety manifested at a longemtes the elicitation of task
content sharing when exposing the roles and redpbtysof one operator to others
(Marks et al. 2002), which is crucial for a comprekive understanding on how
everyone contributes to the collective success opr@aduction. Consequently,
operators are able to compensate their colleadimeiations, such as to anticipate
their needs and assist them when required. Moréouymdly, by enabling mutual
sharing of workloads, feelings of interpersonatigesand equity (Austin, 1977) can
be enhanced, and also lead to an increased jaifas#iton, operator motivation, and
reduced ergonomic stress (Hopp et al. 2004).

Cross-training should be used judiciously (Inmaralet2004) as it can be
very costly and time-consuming. According to Nembhat al. (2005), there are
direct training cost involved and also hidden dakerent from potential efficiency
loss and system transition to be considered inrtiementation of cross-training.
Under cross-training, operators now have to accodat@a much slower learning
curve to be proficient on wider task variety (Maedte et al. 2009). In additions, it is
likely for one operator to have uneven exposurdifferent skills. The operators can
get confused while handling the complicated taskes td increasing task complexity
and product variety (Nembhard, 2001). In additfongetting and relearning of skills

due to the elapsed time of interruption will degraldeir performance.
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Behavioural changes may complicate the implememtatif cross-training
(Schultz et al. 2003). As task boundaries dimirdsie to cross-training, so is the
feeling of one specialized operator of being unjgndispensable and having easily
recognizable individual contribution to group penfance (Clark 1993). This may
entail motivational deficits (Fazakerley 1976). €drained operator may perceive
lowering of status differentials within teams, partarly among the higher-status
operators who resist learning and performing theelestatus jobs (Cordery et al.
1993; Hut and Molleman 1998). Finally, high levefoperator flexibility may cause

social loafing for tasks less appealing for sonasoas (Wilke and Meertens 1994).

2.4 Performance Measures Associated to Cross-Training

To evaluate the effectiveness of cross-trainingyuanber of performance
measures can be employed. A standard set of nogasdirst illustrated to facilitate
the comprehension of the mathematic formulatiorp@fformance measures. The
relationship of the performance measure with theebts claimed is shown in Figure

2.2.
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Cross training benefits Performance measures Relevant publications

Greater impact on throughput time

X Lyman et al. (2000)
and delivery performance O\o Mean flow time Bokhorst et al. (2004)

Djassemi (2005)

Better compensate colleagues’ Davis et al. (2009)

limitations

Reduce ergonomic stress Standard deviation of Bokhorst et al. (2004)
workload among operators Sjomp & Molleman (2002)
. McCreery & Krajewski (1999)
WIP inventory level McDonald & Thomas (2004)
Hirade et al. (2007)

Capacity balancing

Cross trained operators more

McCreery & Krajewski (1999)
productive than specialists

LIS 157 Slomp & Molleman (2002)

McCreery & Krajewski (1999)

Variability buffering Operator utilization Slomp & Molleman (2002)
Jordan et al., (2004)
Reduce the impact of uncertainties T (2H)
and variation in workforce supply . Misterek et al. (1992)
Lozl E Guthrie et al. (2002)
Increase operator motivation i
Productivity index Mﬁfg}g??z‘(’&w)
Increase job satisfaction Efficiency of the cross Inman et. al., 2004
training policy
Feelings of interpersonal justice prn
g P andjequity Motivating potential score Af-Twailri (1995)
(MPS) Hinton & Biderman (1995)

Figure 2.2: Relationships between benefits of ctoEning, performance measures,
and the studies which applied the performance negasu

Notation:

N. = number of cross-trained operators P, = productivity from cross-trained

N; = number of operators operators

N,,= number of machines in the Ps,= productivity from specialists
system MPS = motivating potential score
Ny = average number of task in the SV = skill variety

system TI = task identity

Q= quantity of units to be produced TS = task significance

during the period AU = autonomy

F = mean flow time FB = feedback
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Y.T, = total available time of the
operator

T. = cycle time required per unit

Tyt = lead time

T, = productive time of the operator
Tsp, = actual hours worked during the
shift or other period (typically 8 hours)
Tstq = Standard time of tasks
accomplished during shift or other
period

E; = operator efficiency

E, = efficiency of the cross-training
policy

UTIL = operator utilization

U = average utilization of the
machines/workstations

A =mean arrival rate of the task

PR = production rate

P = productivity

PI = productivity index
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0= output

L= operator cost

M= material

E= energy

C= capital

p = average work content of the
task in the system

WIP = work-in-process inventory
level

o= standard deviation of the
workload among operators

WL; = workload of thé™ operator
WL = average workload of the
operators

WL = workload scheduled for a
given period

AR = increase in workforce
reliability of a cross-training policy

over the no cross-training policy



I.  Mean flow time

Mean flow time can be related to the speed andvelsli performance of
manufacturing teams. There are several ways tothgetmean flow time. Many
studies such as Lyman et al. (2000), Bokhorst .e(2804a), Djassemi (2005) and
Davis et al. (2009) obtained the mean flow timetigh simulation. Mean flow time
is equal to the mean time between arrivals muégbby the mean number of tasks in
the system. Its theoretical formula for a steadyesprocess (the number of jobs in
the system is finite) is equal to (Conway et 8617),

__Np

F=—

A

Conway et al. (1967) also proved that this relaiop can be expressed in terms of
average utilization and average amount of worki@sk, which is

Ny

X
=i

F =

52
X
<

With cross-training, the mean flow time of the pwotlcan be reduced due to sharing

of tasks/bottleneck tasks between the operators.

ii.  Work-in-process (WIP) inventory level
Work in process (WIP) are components or raw mdgetfeat have undergone some
changes but are not completed. WIP exists becésprocessing time for a unit to
be in each workstation varies. Studies such asrb&@ and Krajewski (1999) and
Hirade et al. (2007) had used the WIP inventorelleas one of the performance
measures in their study. Little’s Law, an equatfon relating Lead Time (LT),
Work-in-Process (WIP) and Production Rate (PR)foy process states that:

WIP (units) = T;r X PR
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High level of work-in-process inventory may cauke tapital of an organization to
be tied up, changes in design are made difficudt tanoughput rates are difficult to

adjust to match the sudden changes in demand.

iii.  Productivity
Productivity is the ratio of outputs divided by thgputs. Examples of input are
operator, capital, material and miscellaneous aotput refers to the product
produced. The use of one resource input to megsadictivity is known as single

factor productivity (Heizer and Render, 2007).

P=—

T

The above equation can be regarded@erator productivityto determine the time
required to produce one unit of output (GrooverQ720 A broader view of
productivity is multifactor productivity which ingtles all inputs such as capital,
operator, material and energy. Multifactor produitfiis also known as total factor
productivity and is calculated as follows (Heizadd&ender, 2007):

0]
P_L+M+E+C

Productivity is one of the major concerns for marago compute the profitability
of an organization. Among the studies that applg #s one of the performance
measures are Misterek et al. (1992) and Guthraé €2002).

Another performance measure that relates to thiseiproductivity index(PI) which
has been measured in Maani (1989) and Lilly ef28107). Assuming that specialists

are in the production line before implementing srbaining, the productivity
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obtained using cross-training as opposed to spetsighay be measured by the index

(Iravani et al., 2005):

PCT
Pl ==
P

sp
High value of PI indicates that the benefits gaifexn the production line that
implements cross-training is substantial compaoetthé one that does not implement

cross-training.

Iv. Operator utilization
It indicates how busy operators are involved witbdoiction activities on the shop
floor. Applied in McCreery and Krajewski (1999),ca8lomp and Molleman (2002),
operator utilizationis computed as the total time that an operatoussy ldivided by

the operator’s available time per day.

UTIL Ty
YT,

Jordan et al. (2004) and Kum (2007) demonstratatidperator utilization can also

be found using simulation techniques. High operattitization induces less

operators’ idling time, hence greater productivity.

v. Operator efficiency
Operator efficiency is defined in (Groover, 200%) the ratio of the number of
standard hours to accomplish the tasks to the labtwars worked during a shift.
Another word, it is the actual work rate of the k@ter relative to work rate under

standard or normal performance. This measure id urs¢he studies of McCreery
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and Krajewski (1999), and Slomp and Molleman (2082js calculated as a decimal

fraction but usually expressed as a percentagh,faiinula as:

Tstd
Tsh

El:

vi. Standard deviation of the workload among operators
The measure of standard deviation of the worklaattibution among the operators
relates to the social dimension of a manufacturgagn. This measure is employed in
Bokhorst et al. (2004a), and Slomp and Mollema®220Workload is defined as the
total amount of work, and is figured as the qugntit units to be produced during

the period of interest. The standard deviation ofidoad among operators is:

l

1 _
o= NZ(WLl- —WL)?

i=1

A high value of the standard deviation indicatest the workload variations among
the operators are high. This variation, which ig do the pressure towards equity,

should be reduced to balance the workload amoniatys.

vii.  Motivating potential score

Hackman and Lawler (1971) proposed that a subatgmbrtion of the variation in
operator outcomes could be explained by the cheniatits or specific attributes
constituting the job and how operators perceivesahattributes. Hackman and
Oldham (1975, 1976 and 1980) developed this thétry the Job Characteristics
Model (JCM), in which the objective changes to @egijob are expected to change

how the operator perceives the job along five golbedimensions: skill variety, task
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identity, task significance, autonomy, and feedbddiese five core job dimensions
integral to the JCM theory is a summary index tbetves as an estimate of the
(internal) motivating potential of a given job. Thtivating Potential Score (MPS)

is calculated as follows:

(SV +TI +TS)
MPS = e X AU x FB

Skill variety refers to the degree to which the jaguires a variety of different
activities, so that the operator can use a numbeifferent skills and talent. For task
identity, it is the degree to which the job reqgsireompletion of a whole and
identifiable piece of work. Task significance meaasuthe degree to which the job
has a substantial impact on the lives or work beopeople. Another job dimension
is autonomy which evaluates the degree to which jtiee provides substantial
freedom, independence, and discretion to the iddali in scheduling the work and
in determining the procedures to be used in cagryirout. Lastly, feedback is the
degree to which carrying out the work activitiegjueed by the job results in the
individual obtaining direct and clear informatioboait the effectiveness of his/her
performance. At-Twaijri (1995) and Hinton and Bisemn (1995) had measured

these parameters in their studies.

viii.  Efficiency of the cross-training policy
An organization may wish to measure a cross-trgipiolicy’s efficiency, which is a
measure of the enhancement from the cross-traipatigy over no cross-training

policy. The measure is calculated by the augmenvarkforce reliability over no
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cross-training policy and divided by the numbercafss-trained operators needed

(Inman et al., 2004).

High value ofE, indicates that the improvement on the productioe lvith cross-
training policy over no cross-training policy isgas However, the cost involved in

applying cross-training should also be taken imiestderation.

2.5 Environmental Factors Considered

There are few environmental factors that usuallgciéd the performance of
manual assembly lines which can be represented) lypérator absenteeism, (ii)
operator turnover, (iii) product changeover ands) (earning. The environmental

factors are described below.

I. Operator absenteeism

Absenteeism is one of the significant factors #féegct the functioning of the
manual assembly line (Marteo, 2006). Mayne and tGta2004) reported that the
absenteeism rates at some large automotive asseptanlis are as high as 20%
which includes vacations, paid personal days o#dical leave and some operators
skipping work. When an operator is absent unexpégtan immediate replacement
of the operator from the pool of substitute opemats needed. The substitute
operator may not be sufficiently trained to perfoitme absentee’s tasks, therefore

likely to give rise to slower pace and higher clean€ mistakes. This threatens the
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