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Abstract: Music mstrument manufacturers are always trying to increase productivity as the demand for piano
products increases. The problems that exist in the production department (pamting) has not been able to meet
the demand for white piano production. This is due to the uneven distribution of workloads on 4 painting
operators to produce more than 12 units of pianos per day. This study aims to measure the production
capabilities based operator workload using a supported workload analysis time study methods and tools man
machine chart to determine the efficiency of work between the operator and the conveyor by applying kaizen
activity. Observations were made on the four operators that make the process of spray in the cabinet piano
before and after the kaizen activity. Results from this study show that with the addition of one operator which
makes activity among spray and conveyor operators become more efficient, thus, it can use existing capacity
in addition to the operator workload becomes more balanced and 1s m a category underload. So, the company
succeeded in increasing the production capability that was initially 12-14 units of white piano.
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INTRODUCTION

Yamaha Indonesia (Y1) which was founded in 1970 is
one company that 1s engaged in the manufacture and
assembly of piano. This company always trying to
improve productivity in order the resulting output can
meet the demand. However, there are some requests that
cannot be fulfilled due to lack of production capability. In
this case it is the Production of White piano (PWH),
especially i the process of spray. In the current
period the ability to spray white piancois 10 umts per
day or 12 umts if added the overtime. However, on the
next period the company will receive a number of requests
white piano 12-14 units per day.

Based on these problems it is necessary to implement
kaizen activity on the workload of the operator. Kaizen 1s
a process of continuous improvement, to eliminate waste,
increase productivity, improve quality and efficiency
(Gordian, 2014).

Employee’s workload 1s divided into three conditions,
namely the normal workload (fit), excessive workload
(overload) and the workload is too low (underload)
(Novera, 2012). The workload is too heavy or too light will
result m mefficiency of work (Tridoyo and
Sriyanto, 2014).

Control and management of the work load on the
operator can be done through an analysis of worlkload.

The purpose of the analysis 1s to determine the workload
and estimate the level of optimization of the use of the
number and composition of the workload in each work
finction (Handoko, 2000). Based on these problems, there
needs to measure the workload of the operator to increase
the capabilities of the white piano.

This research use Work Load Analysis (WLA)
methods to provide information on the allocation of
resources to complete the workload of employees (Rio,
2012). This method is supported by the method of time
study that applied to measure the standard time a process
(Patel, 201 5). By implementing kaizen activity can unprove
the working efficiency of employees, so, it could be meet
demand and enhance the production capability can be
achieved.

Theoretical background: Several studies related to work
load measurements have been done by Wibawa et al.
(2014) on machine operators using workload analysis
method which begins with work sampling methed.
Milyansari (2014) also, uses work sampling methods and
NASA TLX on the power company. Measurement of
mental workload using Nasa TLX method has been done
by Puspawardham et @f. (2016) in plastic myection division
of manufaturing company. Furthermore, research by
Tridoyo and Srivanto (2014) using the FTE Method on
Motor companies. Moreover, Khandelwal et al. (2014)
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discussed the implementation of the 58 method using
work time and energy expenditure analysis which has a
positive effect on productivity improvement.

Time study: Time study 1s the analysis of specific jobs
based on qualifications of workers in finding the most
efficient mammer in terms of utilization of time and effort
(Chandra, 2013). Stopwatch method 1s a measurement of
working time directly applied for the jobs of short duration
and repetitive (Barnes, 1980). The steps that were
performed during the work time measurements in progress
according to Sutalaksana et al. (1979) as follow:

¢ Preliminary measurements

*  Test of adequacy and umiformity

¢ Determine performance rating and allowance
*  Calculate standard times

Workload analysis: Workload Analysis is a process to
determine the number of man hours that use or required to
complete a specific workload (Soeprihanto, 2001). From
the number of man hours will produce a number of
employees needed:

1manx_ &ST
WDxWH
Where:
ST = Standard Time
WD = Working Days
WH = Working Hours

Production capability: According to Carpenter and
Sanders (2007) capabilities refers to ability of a company
to manage its resources to create product and services.
Capability can be defined as a company’s capacity to use
the resources that are integrated with the aim of achieving
the goals (Gozali, 2010).

Kaizen: According to Lilker (2004) Kaizen goal is a better
product (improving quality), cheaper (lowering costs),
safer (increased safety), faster (fix lead time) and
more easily (increasing productivity). The most
important element in kaizen is aware to muda.
According to Ohno in Liker (2004) Muda is some
phenomena and effects that don’t increase the value

added.

Man machine chart: According to Kristanto (2011) the
use of man machime charts aims to improve the condition
of unemployed both of which occurred in man power and

machinery. Information obtained from the man machine
chart 1s the relation between cycle time of operator and
time machine of operator handling. Man machine chart is
used to determine the highest production level can be
achieved according to the
(Kathiriya et al., 2014).

resources  available

Yamazumi chart: According to Liker (2004) Yamazumi
chart 1s a histogram containing the names of job elements
in each model shown in SOP. The main function of
Yamazumi chart shows the time relationship between
manual work, machine worlk, running time and takt time
(Halim et al., 2015).

MATERIALS AND METHODS

Subject and object: The purposive sampling technique is
a non-probability sampling techmique that i1s most
effective study a definite
educational domain with well-informed experts within
(Tongco, 2007).

Therefore, samples taken in the present study is the

when one needs to

entire operator spray pianos that are 4 operators because
it feels entirely fulfill the criteria’s as follows:

»  Operators who just perform piano white spray
process

»  Understand the process flow spray white piano

s Have work experience in the process of at least 1 year

»  Healthy physical durning the process of data

collection
Objects that were observed in this study are seven

models white piano which is divided into parts are small
18 +13-19 cabmet per model (Fig. 1).

W

Fig. 1: Piano white model (Yamaha Indonesia)
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RESULTS AND DISCUSSION

Standard time measurement before Kaizen: Based on
Table 1, it can be seen that there were 21 activities
conducted by the operator 2 with the total cycle time was
34.40 min with the performance rating was 1.16; the total
normal time was 39.91 mm. Then the normal time
allowance value 1s calculated by the operator at 29.5%,
therefore, the operator is obtained standard time was 56.61
min to produce one unit of the piano.

Man machine and Yamazumi chart before Kaizen: There
are 3 of 12 table capacity in the spray room. Position of 3
operators are divided by 2 that is one operator in spray
room especially for process spray and 2 operators outside
of spray room for the other activities. At this chart 13 done
with a maximum capability of the spray operator that is 46
cabinets. The results of man machine chart in overall
spray activity in painting booth or PB-5 can be shown in
Table 2.

The results of man machine chart showed there are
inefficient process that occurs, on process topcoat spent
17.66 min conveyor off, process undercoat spent 15.51
min conveyor off and 5.13 min conveyor off on process
white sealer. Process shut down conveyor indicated that
the activities undertaken by the operator spray with
conveyor runmng efficiently, since, the speed of the
conveyor that cannot be offset by an operator in spray
room.

Production capability before Kaizen: Capabilities
measurement based on operator standard time performed
by determining potential output. The results are shown in
Table 3:
Total working hour/days

Stan dard time

Qutput =

Based on Table 3 can be known that the potential
output of piano PWH production when operator work
during 460 min per day is 8.13 units per day while the
operator work during 630 mun per day, so that being 11.13
urit per day.

Workload analysis before Kaizen: Workload calculation
done based on total standard time per operator per day
and work time per day. Here are the results of workload
analysis on the initial conditions:

Based on Table 4 show workload analysis in normal
time for operator 1 1s 0.76 which means underload because
under rate 1 while for operator 2, 3 and 4 overall at above
rate 1, so that including overload category. In contrast to
the results for the analysis workload over time are entirely

Table 1: Standard time before Kaizen

CT NT ST
Activity (Cycle Time) (Nommal Time) (Standard Time)
Handling before TC panel 9.34 10.84 15.37
Handling after TC panel 1.43 1.66 2.36
Handling before UC panel 0.35 0.40 0.57
Handling after UC panel 2.11 2.45 347
Handling before AP6EL 2.12 2.46 349
Handling after AP enamel 1.42 1.64 2.33
Spray TC panel 2.14 2.48 3.52
Spray UC panel 5.98 6.94 9.84
Spray AP enamel 0.91 1.05 1.49
Total ST 34.40 39.91 56.61

Table 2: MM chart result before Kaizen

Activity Conveyor on Conveyor off
Top coat 41.17 17.66
Under coat 31.52 15.51
White sealer 17.03 513

Table 3: Capabilities measurement based on operator standard time before
Kaizen

Total work (h/day) Standard time (min)  Potential output (min)

Normal time (460 min) 56.61 8.13

Over time (630 min) 11.13

Table 4: Workload analysis before Kaizen

Spray Tatal standard WILA WILA
OP room time/day normal time over time
1 PB-2 34835 0.76 0.55
2 PB-5 638.83 1.39 1.01
3 PB-5 622.31 1.35 0.99
4 PB-5 599.02 1.30 0.95

included under load category except operator 2 is 1.1
which mcludes categories overload. Based on these
conditions, the workload among operators is not
balanced.

Kaizen activity: In thus study, several Kaizen activities
related to the mmprovement production capabilities that
will be done. The first activity is addition 1 operator
especially for spray room PB-5 with consideration the
results of workload analysis that show 3 operator spray
PB-5 including overload category. Based on these
problem, it 1s necessary to increase the operator because
the workload is too heavy or too light will result in
wnefticiency of work (Tridoyo and Sriyanto, 2014).
Additional 1 operator of course will change split working
activity or process on spray room PB-5 to elinmate
inefficiency of work.

The work inefficiency can be seen based on man
machine chart result on Fig. 2 that the conveyor is often
switch off by 1 operator spray. It means the addition of 1
new operator will assist activities in the spray room so
there will be 2 operators that make the process of spray in
1 rit process according to Ambrosini et al. (2009) on
dynamic capabilities theory states that change begins
from the process of reconfiguration capability which
refers to be change of resources.
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Operator 1 Operator 2

— Spray
L ifting and setting cabinet

Takt time

Operator 3 Operator 4
= Setting tools and material
== Handling rack cabinet

Fig. 2: Yamazumi chart before Kaizen

Table 5: Standard time after Kaizen

Activity CT NT ST
Handling before TC panel 7.31 8.48 12.02
Handling after TC panel 0.91 1.06 1.50
Handling before UC panel 0.22 0.26 0.37
Handling after UC panel 1.63 1.89 2.67
Handling before AP6EL 0.87 1.01 1.43
Handling after AP enamel 1.09 1.26 1.79
Spray TC panel 1.36 1.58 2.24
Spray UC panel 4.68 542 7.69
Spray AP enamel 0.58 0.68 0.96
Total 8T 24.19 28.06 39.80

Table capabilities also maximized to 4.5 cabinets per
table that was originally only 3.8 cabinets per table. So
that, the capabilities per rit process with 12 tables become
54 cabinets per rit process that was originally only 45.6
cabinets per rit process. Increased capability per table can
certamnly be done by unproving the rail conveyor bearings
in order to be able to sustain 12 table sprays with the
existing 54 cabinets above.

Standard time measurement after Kaizen: Based on
Table 5, it can be seen that there are 21 activities
undertaken by operator 2 with total cycle time 15 24.19
minutes and performance rating 1s 1.16, then the total
normal time 13 28.6 min. Then the normal time 1s calculated
with allowance operator spray 29.5 %, so we get the
results of the operator standard time is 39.80 minutes to
produce 1 umt of piano.

Man machine and Yamazumi chart after Kaizen: Process
spray in spray room PB-5 that originally done by 1
operator 1n the spray area, after kaizen activities make the
process on spray area done by 2 operators. The results of
man machine chart in overall spray activity in painting
booth or PB-5 can be shown in Table 6. The results of
human machine chart show that the whole process spray
in PB-5 rnmming without process switch off the conveyor.
The times for each respective process on topcoat spent
41.17 min, undercoat spent 31.52 min and white sealer
spent 17.03 min. The standard time difference of each

Operator 1 Operator 2 Operator 3 ~ Operator 4 New ope?or
1
L ifting and setting cabinet

Takt time

e Set spray tools
= Handling rack cabinet

Fig. 3: Yamazumi chart after Kaizen

Table 6: MM chart result after Kaizen

Activity Conveyor on Conveyor off
Top coat 41.17 0
Under coat 31.52 0
White sealer 17.03 0

Table 7: Capabilities measurement based on operator standard time after
Kaizen

Total work h/day Standard time (min)  Potential output (min)

Normal time (460 min) 39.80 11.56

Over time (630 min) 15.83

Table 8: Workload analysis before Kaizen

Spray Total standard WILA WILA
or room time/day normal time over
1 PB-2 474.05 1.031 0.75
2 PB-5 559.10 1.215 0.89
3 PB-5 544.64 1.184 0.86
4 PB-5 520.54 1.132 0.83
New PB-5 481.99 1.048 0.77

operator as well as for analysis related to the operator’s
standard time whether still under takt time or not. Based
on the above picture, all operator’s default time 1s above
takt time (Fig. 3)

Production capability after Kaizen: The result of the
calculation of the production capability after the
additional 1 operator on process spray PWH can be seen
in Table 7:

Based on Table 7, can be known that the potential
output of piano PWH production when operator work
during 460 min per day is 11.56 units per day while the
operator work during 630 min per day, so that, being 15.83
urit per day.

The results of
calculation workload analysis after the addition 1
operator. Based on Table 8, the result of workload
analysis i normal time for all operators are more than 1
therefore the categories are overload. While the results of
workload analysis in over time for all operators including

Workload analysis after Kaizen:

underload category.
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CONCLUSION

Before kaizen activities, potential output on operator
spray piano PWH is 11.13 unit piano per day so that has
not been able to fulfill 12 unit demands of piano PWH per
day. This is evidenced by the amount of time wasted
because the conveyor is often turned off in the spray
room PB-5. Then after doing kaizen activity by adding the
composition of 1 operator in the spray room on process
spray PB-5, conveyor was never stop until one rit process
running. So, it is capable of producing 14 units per day
piano, moreover still has the potential to produce up to
15.83 units per day.

The result of operator workload control is quite good,
able to balance the work load between PB-5 spray
operators and PB-2 spray operators and operator
workload can be m under load condition. Therefore, it can
help balance the worldload of the operator in accordance
with the requirements of existing enhanced capabilities.
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