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The Assembly line is the assembly process that is carried out based 

on the order of the production process in the production line. The 

problem that is often found in assembly lines is bottleneck conditions 

where some material piled up at the station. This situation indicates 

an imbalance in the production line. The improvement of the work 

method is one of the effective ways that can increase line efficiency. 

This study presents an increase in line efficiency by improving 

working methods in a washing machine assembly line of PT.X. The 

study aimed to increase the value of line efficiency by improving 

work methods. In this study, improvements were made using the line 

balancing method and Eliminate, Combine, Rearrange, Simplify 

(ECRS) concept. The results that have been done, the obtained value 

of line efficiency for washing machine products is 76.76%. This 

value has not reached the company's productivity target of 99.50%. 

Therefore it is necessary to improve the assembling line to increase 

the value of product production. The proposed improvements made 

with improvements to the work methods on the assembling line 

obtained 89.38% results is to increase the amount of line efficiency 

by improving work methods. 

 

Keywords: 

 

Work method 

ECRS 

Manufacturing 

Productivity 

Line efficiency  

*Corresponding Author 

 

Asariella Findya Octa Pertiwi 
E-mail: findya.octa26@gmail.com  

This is an open-access article under the CC–BY-NC-SA license. 

 

 
 

  

 

 

 © 2020 Some rights reserved 

 

 

 
1. INTRODUCTION 

 

Manufacturing Industry is one of the drivers 

for national economic growth that can spur the 

competitiveness of the domestic manufacturing 

sector. Innovation is used as a basis for industrial-

strength to compete in an era of increasingly fierce 

competition. Every company is trying to compete 

and trying to create more profit by increasing 

productivity and delighting customers by meeting 

the expectation in terms of quality and price [1].  

A challenge that is not possible to overcome 

industrial competition, we need a way to look for 

efficiency measures and optimization of the 

production process to obtain maximum output. In 

this competitive environment, companies must 

increase their productivity by using optimal 

resources to survive and continue to profit [2]. The 

fierce global competition, poor responsiveness, 

low flexibility to meet uncertain demand, and low 

efficiency of traditional assembly lines are 
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sufficient motives to persuade producers to adopt 

highly flexible production equipment [3]. The 

manual assembly lines and assembly line 

balancing problems are very relevant not only for 

emerging economies but also for developing 

countries [4]. The complexity of production 

activities to meet the needs of market demands 

requires the implementation of a new program that 

is appropriate and per the problems that occur [5].  

Lean manufacturing can be proven effective 

in reducing waste from the manufacturing process, 

and continuous improvement is needed to create 

added value for customers with fewer resources 

[6]. Lean characteristics combine just-in-time 

practices, work-in-progress and waste reduction, 

improvement strategies, defect-free production, 

and standardization [7]. Application of the Toyota 

Production System Principle to expedite the entire 

production area in a variety of processes, reduce 

waste, obtain high-quality output, improve 

operating procedures and produce finished goods 

at low production costs [8]. Lean practices in 

manufacturing involve the elimination of wastes, 

one of which is motion waste [9]. 

Lean manufacturing techniques are a set of 

tools and methods for eliminating wastes in 

manufacturing operations, assist in making 

corrective action plans, and also in improving 

working conditions [10]–[13]. The advantages of 

implementing and strengthening lean 

manufacturing through consistent efforts can help 

companies to stimulate the best strategies for 

dealing with the effects of the current economic 

crisis [14]. The goals of ergonomics and lean 

manufacturing are similar; improve productivity 

[15]. Productivity is one crucial factor to support 

the production process of a company by analyzing 

and evaluating the outputs obtained based on the 

level of performance during a specific period [16]. 

Line balancing is a useful tool to increase the 

production of the assembly line while reducing 

cycle time from non-value added activities [3]. 

 Some researchers are trying to reduce waste 

by using the ECRS concept. This research is a 

development from previous research. Fajrianto, et. 

al  [17] conducted a study in a manufacturing 

company, where the idea of the ECRS was able to 

eliminate unnecessary movement, thereby 

reducing standard time. Besides, research on 

ECRS was also conducted by Suhardi, et al. [18], 

where the ECRS concept is able to prevent 

bottlenecks and decrease the lead time so that 

balance the workload of the operator. Kasemset et 

al. [19] conducted a study in one electronic parts 

factory as a case study, where the ECRS principle 

was used to propose the solution to reduce 

material waste. In addition, research conducted by 

Fadlil, et al. [20], ECRS improvement can reduce 

the work elements in several stations, decrease 

total work content time, increase workstation 

utility and balance efficiency, decrease balance 

delay and smoothness index, possibly decrease the 

number of work stations or the number of 

operators so that the company can reduce direct 

labor costs and most importantly, achieve 

production targets due to decrease in overall cycle 

time or maximum station time and increase in 

production output. The implementation of the 

ECRS  on the setup of an inline machine layout in 

the bearing manufacturing plant was able to 

reduce the total setup time. Reducing the total 

setup time is done by minimizing production 

losses in a similar batch manufacturing plant 

having a line layout [21]. Besides ECRS based 

line balancing is also used by Amran, et al.[22] 

concerning the improvement of the braking 

system production process with ECRS based line 

balancing. The research was able to increase line 

efficiency to reduce production costs. 

The purpose of this study is to increase the 

value of line efficiency by improving work 

methods at the washing machine shop floor of 

PT.X. This research was conducted at PT. X, 

which is a manufacturing industry that produces 

electronic goods. Electronic products produced in 

P.T. X include radios, refrigerators, water pumps, 

air conditioners, fans, and washing machines. The 

study was conducted at the washing machine 

business unit in January-February 2019. The 

production process carried out at the washing 

machine business unit is an assembly process, 

where the assembly process of all washing 

machine components is made, which then checks 

the condition of the washing machine until the 

packing process.  

Based on research, were found conditions 

that are not ideal, i.e., of the bottleneck and idle 

caused by the ineffectiveness of work. In the 

assembly process at work stations, 9 and 11 found 

bottleneck conditions where some material piled 

up at the station. While in the assembly process at 

work station 12 and work station 10 found dusty 

conditions where the operator is unemployed 

because of waiting for material from the previous 

work station. This situation reflected an imbalance 

in the production line. 
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Imbalance of this production line can be seen 

from the symptoms of unemployment in some 

workers/machines, also the accumulation of semi-

finished goods on the production floor between 

one machine and another machine, this is caused 

by differences in production capacity and 

imbalance of operating time from the trajectory. In 

manufacturing/assembly companies, this balance 

trajectory problem will significantly affect the 

achievement of production output. Line balance 

method is needed to plan and control a production 

process flow because by using this method, the 

company can evaluate and improve its production 

line to maximize work efficiency to increase 

production output and also to minimize the 

imbalance of the production line [23]. 

Bottleneck work stations cause delays if there 

is an increase in demand that exceeds the capacity 

of the station [24]. Waste that occurs can reduce 

production efficiency, reduce the quality of work, 

and can increase processing time [8]. Therefore it 

is necessary to identify the bottlenecks and 

attempt to decrease the cycle time at the bottleneck 

station to increase production capacity so that the 

target of demand and production targets can be 

achieved [24]. Efforts to reduce waste can increase 

efficiency so that it can increase production output 

[25].  

Based on these problems, it is necessary to 

make improvements as soon as possible so that the 

line efficiency of these lines can increase. One 

way to improve the working method is the ECRS 

concept. The ECRS concept is an easy way to 

reduce waste/loss [17]. The idea of ECRS can be 

applied to work stations to reduce waiting times 

for other stations, which are commonly called 

bottlenecks. Increased productivity will be 

directly proportional to the increase in company 

profits without the need to increase the selling 

price of its products [26]. The ECRS concept is 

straightforward to apply, where, with its 

simplicity, it can lead to new ideas for 

improvement by understanding the elements that 

makeup work so that we can identify waste and 

form an optimal workflow [18].  

Efforts to minimize waste to increase line 

efficiency is an interesting topic to be studied. The 

improvement phase is to eliminate waste in each 

process to increase the efficiency and 

effectiveness of the production process [18]. The 

difference in research conducted by previous 

researchers lies in the adjustment of time. In the 

electronic industry is calculated based on work 

performance ratings to obtain a strict standard 

time at each work station. Some researchers also 

highlight the problem of increasing productivity 

by reducing waste. 

Therefore this research discusses some 

improvements that are expected to be able to 

increase the level of production capacity. The 

method used in the preparation of developments is 

ECRS (Eliminate, Combine, Re-Arrange, 

Simplify), which focuses on the equal distribution 

of each work element performed by the operator 

so that it is expected to increase the value of line 

efficiency and increase washing machine 

production capacity. 

 

2. RESEARCH METHODS  
 

The research framework for increasing line 

efficiency by improving work methods can be 

explained in the several stages follows 1) Data 

Collection; 2) Doing the calculations for 

performance rating and line balancing; 4) 

Recapitulation of calculation results before 

improvement; 5) Proposed improvement using 

Eliminate, Combine, Rearrange, Simplify (ECRS) 

concept; 6) Comparison of calculation results 

before and after improvements.  

The first stage of this research is data 

collection. Data collected from direct observations 

and results of focus group discussions with the 

group chief include work process flow, cycle time 

data, an operator working hour data, number of 

operators, and company targets. After that, the 

data is processed; the data processed in this study 

include the performance rating calculation, 

standard time calculation, and line efficiency 

calculation.  

Performance rating calculations are 

performed using the Westinghouse rating. 

Westinghouse Electric Corporation developed this 

system. The Westinghouse rating consists of four 

factors that can determine regularity and 

irregularities in work, namely, skills, effort, 

condition, and consistency [27].  

After calculating the performance rating, the 

performance rating value will be used to calculate 

cycle time, normal time, and standard time. 

Furthermore, the results of the time calculation 

will be calculated takt time, production capacity, 

production/head/hour, process time, and line 

efficiency.  

The next step is to make improvements to the 

work method using the ECRS concept, which 
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consists of eliminating, combine, re-arrange, and 

simplify the work elements in the assembling line 

in P.T. X. The translation of the ECRS concept is 

eliminated (eliminated unnecessary movements), 

combine (combined movements that can be done 

simultaneously, so that is more efficient), re-

arrange (exchanging work elements at other work 

stations to be more efficient), and simplify 

(simplifying repetitive movements). In this study, 

the improvement of work methods with the ECRS 

concept can help to reduce inefficiencies or waste 

of movement that occurs when carrying out an 

assembly at each station. Furthermore, the 

standard time of work elements that have been 

improved using the ECRS concept is calculated 

based on the improvements made. After obtaining 

the results of developments with the ECRS 

concept, the next step is to compare the effects of 

line efficiency calculations before increase with 

the results of predictions after the rise to find out 

how significant the results obtained. 

Measurement of processing time is done 

using a stopwatch. The processing time of each 

work element is measured five times taken 

randomly. After the processing time is obtained, a 

uniformity and adequacy test is performed. 

Equations (1) to (5) are used in conducting data 

uniformity tests [28]. 

 

�̅� =
∑ 𝑥𝑖

𝑁
             (1) 

𝜎 = √
∑(𝑥𝑖−�̅�)2

𝑁−1
                        (2) 

𝜎�̅� =
𝜎

√𝑁
            (3) 

𝑈𝐶𝐿 = �̅� + 𝑘𝜎𝑥            (4) 

𝐿𝐶𝐿 = �̅� − 𝑘𝜎𝑥            (5) 

Where, 

�̅� : average value of 𝑥 

𝑁 : the amount of data observed  

𝑥𝑖 : 𝑖-th data value 

𝜎 : standard deviation 

𝑘 : the level of confidence 

𝑈𝐶𝐿 : upper control limit 

L𝐶𝐿 : lower control limit. 

 

Data is said to be uniform if all 𝑥𝑖 are within 

the control limit or can be written as 𝐿𝐶𝐿 ≤ 𝑥𝑖 ≤ 

𝑈𝐶𝐿. If the data is outside of the control limit, it is 

omitted, and a uniformity test is carried out. 

According to Purnomo [28], the adequacy of data 

can be calculated using equation (6). 

 

𝑁′ = [

𝑘

𝑠
√𝑁 ∑ 𝑥𝑖

2−(∑ 𝑥𝑖)2

∑ 𝑥𝑖
]

2

             (6) 

Where, 

𝑁′ : the amount of data needed in theory 

𝑠 : the degree of accuracy 

𝑘 : the level of confidence 

 

If the confidence level is 99%, then k is 2.58 

or close to 3. If the confidence level is 95%, then 

k is 1.96 or close to 2, and if the confidence level 

is 68%, then k is close to 1. If 𝑁′ ≤ 𝑁, then the data 

is stated to be sufficient for the desired level of 

confidence and degree of accuracy, thus the data 

can be processed to find the standard time. But if 

𝑁′ > 𝑁, then the data is declared insufficient. 

Therefore, the observed data must be added so that 

it is higher than the amount of theoretically needed 

information [29]. 

After testing, the uniformity and adequacy of 

the data are performed normal time calculations 

using equation (7) and standard time calculations 

using equation (8). 

 

𝑊𝑁 =  𝑊𝐶  𝑝     (7) 

𝑊𝑆 =  𝑊𝑁  (
100%

100%−𝑎𝑙𝑙
)   (8) 

Where, 

𝑊𝑁 : normal time in minutes 

𝑊𝐶 : cycle time in minutes 

𝑝 : performance rating 

𝑊𝑆 : standard time in minutes/unit 

a𝑙𝑙 : the percentage of allowance 

 

Takt time is the expected time to make one 

unit product. In this case, targeted takt time (𝑇𝑇𝑡) 

can be used as 𝑇𝑐 so that the minimum worker 

available can achieve a desired production target, 

takt time can be calculated using equation (9). 

 

 𝑇𝑇𝑡 =
𝐸𝑂𝑇

𝑄𝑑𝑑
             (9) 

Where, 

𝑇𝑇𝑡 : takt time in minute/unit 

𝐸𝑂𝑇 : networking time in minute/day 

𝑄𝑑𝑑 : daily demand of unit products in 

unit/day 

 

Production Capacity is a production capacity 

that can be carried out within a specified period, 

and calculations can be made using equation (10). 

 

http://dx.doi.org/10.30656/jsmi.v4i1.2184


Jurnal Sistem dan Manajemen Industri Vol 4 No 1 July 2020, 13-29 

 

          http://dx.doi.org/10.30656/jsmi.v4i1.2184 17 

 

𝐶𝑝 =
𝐸𝑂𝑇 𝑥 𝐵𝑎𝑙𝑎𝑛𝑐𝑒 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 𝑥 60 𝑠𝑒𝑐

𝐴𝑐𝑡𝑢𝑎𝑙 𝑇𝑎𝑘𝑡 𝑇𝑖𝑚𝑒
         (10) 

 

Production/head/hour (PHH) is the number 

of products that can be produced by an operator 

within one hour, and calculations can be made 

using equation (11). 

 

𝑃𝐻𝐻 =
𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦  𝑥 60 𝑠𝑒𝑐

𝑇𝑜𝑡𝑎𝑙 𝑊𝑜𝑟𝑘 𝑆𝑡𝑎𝑡𝑖𝑜𝑛𝑠 𝑥 𝐸𝑂𝑇
        (11) 

 

The processing time is the length of time 

required to complete a production process on a 

production line, and calculations can be made 

using equation (12). 

 

𝑃𝑟𝑜𝑐𝑒𝑠𝑠 𝑇𝑖𝑚𝑒 =
𝐸𝑂𝑇  𝑥 𝑇𝑜𝑡𝑎𝑙 𝑊𝑜𝑟𝑘 𝑆𝑡𝑎𝑡𝑖𝑜𝑛

 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦
        (12) 

 

According to Groover [30], balance efficiency 

(𝐸𝑏) can be calculated using equations (13) to 

(16). 

 

𝐸𝑏 =
𝑇𝑤𝑐

𝑤𝑇𝑠
    (13) 

𝑇𝑤𝑐 = ∑ 𝑇𝑠𝑖
𝑛
𝑖=1     (14) 

𝑇𝑠 = max[𝑇𝑠𝑖]    (15) 

𝑇𝑠𝑖 = ∑ 𝑇𝑒𝑘𝑘∈𝑖     (16) 

Where,  

𝐸𝑏 : balance efficiency 

𝑇𝑤𝑐 : the time needed to do all assembly 

activities (work content time) in 

minute/unit 

𝑤 : the number of workers available 

𝑇𝑠 : maximum available service time on 

the line in minute/cycle 

𝑇𝑠𝑖 : the time needed to complete the task 

at the 𝑖-th station (station time) in 

minute 

𝑇𝑒𝑘 : the time needed to complete the task 

or work element 𝑘 in a minute. 

 

3. RESULTS AND DISCUSSION 
 

Based on the results of data collection, it is 

known that the production output target (𝑄𝑑𝑑) on 

the assembly line is 800 units per day. Washing 

machine production has one work shift and three 

assembly lines where each assembly line has 12 

operators with adequate network time or daily 

operating time (𝐸𝑂𝑇) 470 minutes per shift. Thus, 

the targeted takt time (𝑇𝑇𝑡) for the assembly line is 

35.25 seconds/unit or 0.5875 minutes/unit. The 

following are the calculation results obtained from 

data collection and processing. 

Based on the results of calculations that have 

been carried out, obtained a line efficiency value 

of 76.76%. This value has not reached the 

company's productivity target of 99.50%. 

Therefore it is necessary to improve the assembly 

line to increase the value of productivity products. 

The proposed improvements made with 

improvements to work methods in the assembly 

line. 

Based on direct observations and 

brainstorming with a section head on the 

assembling line, cause-effect diagrams can be 

generated, as shown in Fig. 1. The factors that 

affect the target line efficiency have not been met, 

including human, machine, environmental, 

material, and method factors. In the man factor, 

there are two factors. Namely, the operator 

handles defect products because the operator is 

less thorough, and the operator talks while 

working. On the machine factor, there is one 

contributing factor, which is the reliability of the 

engine, which is starting to decrease due to less 

regular engine maintenance. The security of the 

engine began to fall, marked by screws that are not 

installed on the electric screwdriver. The method 

factor is that there is one contributing factor: the 

work consumes a lot of time caused by 

unnecessary motion elements. In the material 

factor, there are two factors, namely material 

shortage caused by late material supply and the 

material defect caused by the quality of the 

material being input in the process is not good. 

After that, here are two factors causing the 

environment, namely noisy work areas and narrow 

work areas. The causes of not achieving the 

company's target line efficiency will be presented 

in Fig. 1. 

The ECRS (Eliminate, Combine, Rearrange, 

Simplify) concept is one of the methods used to 

improve work methods and balance the production 

line. The proposed improvement is carried out to 

increase line efficiency and productivity of 

assembling lines. The time used in the ECRS 

concept is the standard time with the 

Westinghouse rating is 1.16.  

Improvements to the work method with the 

ECRS concept can be seen in Fig. 2. The 

following are details of the improvements made, 

namely:  

a. Eliminate 

Eliminate method is a method that removes a 
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work element that is deemed inefficient so that it 

can reduce processing time. Repair work elements 

by eliminating ECRS 1, 2, 3, 4, 9, 11, 12, 13, and 

15. Elimination of unnecessary work elements 

occurs at work stations 1, 2, 8, 9, and 11.  At work 

station 1, work elements 6 and 14, namely taking 

the nut and attaching it to the bolt. The work can 

be done by the supplier so that the operator of the 

motor assembly work station can install and 

tighten the bolt and nut on the brake wheel without 

the bolt and nut installation process so that the 

process is able to save the time of 3.14 seconds 

and 3.01 seconds. At work station one on working 

element 12, which is to take the vinyl tie and tie 

the wire to the bracket. The work can be done at 

an offline station, where during the wash and spin 

motor preparation process when it is placed on the 

pallet so that the operator can do the next work 

without installing a vinyl tie. The process can save 

8.69 seconds. Then performed elimination of work 

element two at work station 2, which is taking and 

installing aluminum tape on the capacitor. The 

work can be done inline preparation so that the 

operator of the base A assembly station can do the 

next job. The process can save time of 8.66 

seconds. The following elimination process is 

found in the work elements of 4 work stations, 

eight spinner lid settings, which are taking the tape 

and taping wire. The work can be done inline 

preparation so that the operator of the spinner lid 

setting work station can do the next job so that 

eliminating the work element can save time by 

9.52 seconds. 

The next step is to combine work elements 5, 

8, and 9 at work station 9. Take the washer and 

rotate the timer, tie the vinyl, tie it to the washer 

machine and rotate the timer with a time of 6.76 

seconds. Decompose the wire winding on the 

wash and spin timer with the time of 1.71 seconds, 

and tidy up the wiring with a tape with a time of 

7.78 seconds. The work can be done inline 

preparation so that the operator of the work station 

nine can do the next job. Elimination is then 

performed on the work elements of 7 stations 11, 

which is taking an orange to join with fuse then 

twister. The work can be done inline preparation 

so that the operator of the work station 11 can do 

the next job. With the elimination process, motion 

elements that are not needed during the assembly 

process can be reduced to save time by 49.27 

seconds. 

 

b. Combine 

A combined method is a method of 

combining several work elements into one so that 

it can reduce processing time. Improvement of 

work elements by combining work station three on 

work elements 1 and 2 in ECRS 5. The work can 

be combined into a component of movement, and 

grease to the hole can be done inline preparation 

or when the operator is at rest so that operator at 

work station three can do the next job. With the 

incorporation of the work, the element is expected 

to have a time of 1.39 seconds. 

 

Line Efficiency Target

Is not achieved

Narrow work area

Operator handles 

defect products

Operators chatting 

while working

Engine reliability starts 

to decrease

Noisy work area

Work consumes

a lot of time
Defective material

Material shortage

Fig. 1. Cause effect diagram
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c. Re-arrange 

Re-arrange method is a method that 

rearranges work elements so that they get a 

balanced cycle time between workstations. 

Repairing work elements by re-arranging is found 

in ECRS 6, 7, and 8. These changes occur in the 

work station three on work element 12, which is to 

take the screw mecha box and screwing across. 

This work element is transferred to the work 

station 4. The removal of this work element is 

intended as a way of equalizing the work elements 

to increase the efficiency of productivity of the 

line assembly. Re-arranging is done at the work 

station seven on work element one that is taking 

overflow filters and assembly in tub A. The work 

can be moved to the station spin tub setting work 

to of equalizing work elements and reduce the 

bottleneck on the assembly line. The re-arrange 

process is also carried out at the work station 

seven on work element 7, which is to take the inner 

lid and assembly on the body B. The work can be 

moved to the work station eight as a way of 

equalizing work elements to reduce bottlenecks in 

the line assembly. 

 

d. Simplify 

Improvements to the work element by 

simplifying are found in ECRS 10, 14, and 15. The 

simplification of the work element is carried out at 

work station nine on work element 1, which is to 

take panel A from the wrapper. The work element 

of "taking panel A from the wrapper" is 

simplified; the new work element is "taking panel 

A without the wrapper." The work of taking panel 

A from the wrapper is considered ineffective 

because the supplier in the warehouse can do the 

job of removing panel A so the operator can do the 

next task without having to take panel A from the 

wrapper. Simplification of the work element can 

be expected to have a time of 2.09 seconds. 

Simplified is also done on the work station 10. 

Namely, the work element "take panel A, insert 

the wire and valve rod A into body B and grease". 

The work can be simplified by using one clamp 

attached to the wire and one clamp attached to the 

valve rod A. The clamp is small. It has a 

heavyweight so that when the operator inserts wire 

and valve rod A into body B, wire and valve rod 

A can immediately go down to the bottom, making 

it easier for the operator of work station 11 to take 

the cable. Installation of these tools can be done 

inline preparation. That way, the work is expected 

to have a processing time of 8.66 seconds. The 

simplified process also takes place at the work 

station 11 on work element 1, which is making the 

wire and then tidying it with tape. The work can 

be simplified by using tools that have been used 

on work station ten so that operator of the work 

station 11 can do the work of removing the clamp 

from the wire and straightening the wire directly 

with tape. The work is expected to have a 

processing time of 2.05 seconds. 

 

Table 1. Comparison before and after 

improvement 
 

Indicator 
Before 

improvement 

After 

improvement 

Target Takt 

Time (𝑇𝑇𝑡) 

35.25 

seconds/unit 

35.25 

seconds/unit 

Actual Takt 

Time (𝑇𝑇𝑎) 

64.83 

seconds/unit 

48.55 

seconds/unit 

Gap between 

𝑇𝑇𝑡 and 𝑇𝑇𝑎 

29.58 

seconds/unit 

13.30 

seconds/unit 

Work content 

time (𝑇𝑤𝑐) 

597.19 

seconds/unit 

520,76 

seconds/unit 

Maximum 

station time 

(𝑇𝑆) 

64.83 

seconds/unit 

48.55 

seconds/unit 

Number of 

work stations 
12 12 

Number of 

operators 
12 12 

Production 

Capacity 
334 sets 521 sets 

Production/ 

Head/Hour  
3.55 sets 5.54 sets 

Process Time 16.89 minutes 10.84 minutes 

Balance 

Efficiency 

(𝐸𝑏) 

76.76% 89.39% 

 

After improvements to the work methods on 

the assembling line obtained 89.39%. This shows 

an increase in line efficiency by 12.63%, and after 

improvement, the bottleneck at work station nine 

has been removed successfully. This means that 

the distribution of workload for each work station 

is more evenly compared to the conditions before 

the improvement (Table 1).   

A similar result was found by [26], [27] 

where the line efficiency was before improvement 

in a row equal to 85.08%, 91%. After development 
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made with the ECRS concept, the line efficiency 

increased until 94.18%, 95%. Based on the 

acquisition of the line efficiency values, it shows 

that the amount of line efficiency increases after 

the equalization of work and ECRS. 

Based on the comparison before and after the 

improvement shown in Fig. 3 and Fig. 4, it appears 

that there is a condition of balance between 

stations after repairs. Before repairs, it was seen 

that station 4 and station 6 had less workload 

compared to other stations, and station 9 had a 

high workload with an actual takt time of 64.83 

seconds/unit. After improving the work method, 

the operator workload becomes flattered so that it 

can reduce the real takt time by 48.55 

seconds/unit. 

 

 
 

Fig. 3. Line balancing of each work station before the improvements 

 

 

 
 

Fig. 4. Line balancing of each work station after the improvement 
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4. CONCLUSION 
 

The results of improvements can improve 

work methods with path efficiency values from 

76.76% to 89.38%. Thus the ECRS concept can 

increase the amount of line efficiency in assembly 

lines. Efforts to increase production targets can be 

made using the idea of ECRS (Eliminate, 

Combine, Rearrange, and Simplify), and line 

balancing. The concept of ECRS can eliminate, 

combine, rearrange, and simplify the elements of 

work that are ineffective and inefficient. After 

improvements to the ECRS concept were carried 

out, the sequence of assembly processes that had 

been reduced, combined, rearranged, and 

simplified the work elements in several work 

stations was obtained. In this study, this increase 

can reduce total work content time, improve 

balance efficiency, reduce balance delays so that 

the company can achieve production targets due to 

a decrease in overall cycle time or maximum 

station time and an increase in production output. 

Further research is expected to develop the 

concept of ECRS in other industrial fields 

accompanied by more efficient methods so that it 

can adjust to the industrial era 4.0. 
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