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Abstract - In this paper, the productivity of engine assembly lines of an automobile manufacturing facility is improved by 

eliminating starvation in the main-line and the block-line. First, the current efficiency of the real system is measured, and the 

building blocks of engine assembly lines are carefully incorporated into a SIMUL8 simulation model. The input data are 

gathered, and the parameters of target data distributions are estimated and incorporated into the simulation model. The 

current states of performance are examined for feeder and main line downtimes, run rates, takt time of the production line, as 

well as push and pull factors. The simulation model is verified to be accurate according to line layout of engine assembly 

line, and the current efficiency is found out to be 96%. Further analysis focused on validating the current process model and 

improving the simulation model. After careful analysis of stage by stage results and the simulation model, it was revealed 

that three activities in the model are the bottlenecks due to lack of input. Therefore, buffers were introduced in the process to 

streamline the process, and the resulting SIMUL8 model improved the efficiency to 97.2% which is close to the ideal target 

of 97.5%. Further investigation focused on uncertainty analysis, bottleneck analysis, root cause analysis, and verification and 

validation. 
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I. INTRODUCTION 

 

Simulation is widely used for analyzing the existing 

systems when the classical closed-form analysis is 

difficult or impossible [1]. In manufacturing systems, 

simulation is often used as an effective method due to 

the challenge posed by the interaction of several 

random processes and different parameters [2]. The 

use of simulation in manufacturing domains has 

recently increased due to enormous computational 

power of contemporary computer systems. Still, 

computer simulation has always been an expensive 

tool for improving processes due to simulation 

software license costs and the effort needed for 

creating a realistic scenario of processes [2]. The 

well-known problems in manufacturing organizations 

that can be addressed using computer simulation 

include [3][10]: 

 Quantization of required equipment, 

manpower 

 Determination of location and capacity of 

buffers 

 Evaluation of a change or impact of new 

products, 

 Evaluation of performance using bottleneck 

analysis and makespan analysis, 

 Evaluation of operational procedures; for 

example, production scheduling and 

evaluation of control strategies. 

In any simulation model, verification and validation 

play an important role. The challenge is to design 

novel quantitative tests that are appropriate for 

evaluation of the dynamic system behavior, and the 

data should focus on major time patterns instead of 

focusing on individual data points [1].Although 

verification and validation are critical steps in the 

development of a simulation model, there is no set of 

specific tests to find the correctness of the model 

easily. Moreover, no algorithm exists to show what 

kinds of procedures or techniques to use [2]. Thus, in 

this work, a practical approach of comparing the 

actual production with the output of the model has 

been utilized to verify and validate the simulation 

model. The auto-manufacturer in this paper started 

with assembling most of the parts that were shipped 

to the facility, and over the years and started 

manufacturing some of the required parts themselves. 

This project focuses on increasing engine assembly 

production efficiency at the facility by reviewing the 

current state of performance of different lines and 

their downtimes, and by examining the real data that 

consists of feeder and main line downtimes, run rates, 

takt time of the production line, as well as push and 

pull factors. This analysis focuses on validating the 

current process model and formulating an appropriate 

simulation model that reflects upon the entire 

department. They can also use this model for any 

future improvements. The main purpose of this 

project is to improve the production efficiency to 

97.5%, and productivity to 1000 units per day. 

 

II. METHODOLOGY 

 

The methodology includes several phases, which are: 

 Interviews with the production team to 

identify the parameters of all stages of 

assembly line 

 Data Collection and Analysis (Data Tables 

and Data Analysis) for cycle times and 

downtimes, etc. 
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 Parameter Estimation (All distributions used 

in the model. Determined the parameters for 

each distribution to be used in the SIMUL8 

model) 

 Process Mapping (create the existing model) 

 Creating simulation model of the engine 

assembly line using SIMUL8 

 Executing model of the existing process 

using SIMUL8 and Results Analysis 

 Running model with sample input curves to 

test functionality 

 Identifying improvements to the process 

 Developing an improved process model in 

SIMUL8 

 Executing improved process using SIMUL8 

and Results Analysis 

 Discussion and Proposing 

Recommendations 

 

 
Figure 1: Floor Layout of Engine Assembly Line 

 

All the cycle time data were collected for each 

process, and the transfer times of each engine from 

one station to the other was measured using 

stopwatch. For collecting process cycle times, an 

associate using stopwatch started timing the process 

from when the operator started working that process 

until the process was finished and was ready to go to 

the next workstation. For collecting transfer cycle 

time, an associate using stopwatch started timing the 

period of transferring of each engine from one 

workstation to the next one. Process and transfer 

cycle times are shown in Figure 2. 

 

Figure 2: Transfer and Process cycle times 

 

III. SIMULATION MODEL 

 

A model is considered valid for a set of experimental 

conditions if the accuracy of the model is within its 

suitable range, which is the amount of accuracy 

which is required for the model‟s planned purpose 

[5]. In the engine plant, there are 5 feeder lines and a 

main-line. The feeder lines start at piston assembly 

line, goes to block-line and merge with valve line 

toward head-line and tappet line to finally go through 

main line and dress line which is part of the mainline. 

Figure 1 shows the different lines in engine assembly 

department that contains 4 feeder lines and a main-

line. The engines are starting to be made in Piston 

assembly line and from there they move to block-line 

and merge with the valve-line towards head-line, and 

finally they move to main-line. Main-line is where 

several associates work with virtually no automation 

equipment. All processes are close to the line tact 

time. If the main-line goes down the downtime is 

basically not recoverable. The figure 3 presents the  

simulation model for the current system. 

 

Figure 3: Simulation model of current system 

 

IV. ANALYSIS AND IMPROVEMENTS 

 

This discrete event simulation is widely used in 

manufacturing where randomness is an integral part 

[6]. Randomness in the data is estimated based on the 

data collected, and the histograms of data, contour 

analysis towards known probability distributions. 

Once the data distribution is known, the parameters 

are estimated, and expected results are found out and 

validated with experimental or simulation results. The 

data that was collected for cycle times followed 

normal distribution, where the uncertainty is ± zσ, 

where z is the number of standard deviations and σ is 

the standard deviation.Simulation analysis which is 

an estimation of the probabilities of various possible 

outcomes [4]. Further analysis followed [7], [8], and 

[9] 

 
Table 1: Uncertainty using data of cycle time 

 
 

Proposed Model 

In the proposed model with line modifications, the 

simulation can be modified to reflect the new 

production model. Running the model will identify 

the issues while achieving the desired result. The 

earlier the desired results are achieved the lower the 
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overall capital cost will be and the faster the 

maturation time will be, resulting in achieving stable 

mass production. This has the impact of reducing 

overtime and part costs allowing financial goals to be 

achieved. The proposed model includes the following 

improvements. 

The first improvement involves: inserting a buffer 

before the main line that helps isolate downtime from 

reaching the main line. This recommendation is 

shown in Figure 4. 

 

 
Figure 4: Improvement#1 

 

The problem prevention analysis (PPA) station has 

come to mean any countermeasure that will prevent 

or mitigate downtime to the production line. In this 

case, a mistake was made in the planning and the 

recovery station for a failure at „Chaincase‟ station 

now had a full process being done at it. This meant 

that if a failure occurred the station would always go 

over tact time (by about 30 seconds) and this 

downtime would be immediately passed on to the 

main line. Again, downtime passed on to the main 

line is not recoverable in core time. It can only be 

recovered with overtime. Core time production can be 

made if the overall downtime passed to the main line 

is less than the pre-planned or allowable 2.5% 

downtime. As shown in the following pictures, a 

buffer was added right before cam holder cover and 

after turn table #3 which is the process that has the 

most stopped percentage based on the simulation 

result, and by doing so, the output increased by 23 

units per day(1020 – 997= 23 units/day). Moreover, 

when the capacity of buffer was increased to 3, the 

output increased by 27 units per day (1024 – 997= 23 

units/day), which indicates that the best solution is by 

implementing a buffer of capacity 3. The reason for 

not increasing the capacity more than 3 is that these 

buffers can be installed with absolutely no cost, as 

there are already three spare units in the line that can 

be used as a buffer in the main-line. The reason to 

add the buffer before „Cam holder‟ station is that, 

there were no space for having buffer right next to the 

„Turn table #3‟. 

 

 
Figure 5: Adding a buffer at the entire main-line 

 

The second improvement involves takt time. Since 

the tact time of the main line is running at the tact 

time needed by the department, any downtime is not 

recoverable. Production can be somewhat protected if 

a buffer were to exist before and after the main line. 

This would allow the main-line to continue to run 

even though the line before or after has stopped, if 

additional carriers and /or spaces exist in the buffers. 

Putting the buffers in the simulation would allow the 

benefit to be shown before any money is spent. The 

size of the buffers versus the benefit of the buffers 

can be determined by running a range of scenarios. 

This allows the correct amount of capital to be spent 

that will truly benefit overall capacity. By adding a 

queue for the main line, and connecting each 

conveyor to the mentioned queue, the output of the 

line increased by 22 units per day (1019 - 977 =22 

units/day) as shown in Figure 5. 

 

 
Figure 6: Adding a buffer after ‘Seal install and check’ station 

 

The third improvement aims to eliminate the 

downtime to the clock-line. Based on the results 

generated from SIMUL8 and shown earlier, it was 

discovered that „Rear seal install and check‟ station is 

creating downtime to the block-line, and this 

downtime can be eliminated by adding a buffer right 

after the mentioned process. After adding the buffer 

into the simulation model, the output increased by 27 

units per day. Also, it is shown that by increasing the 

capacity of the buffer, the output stayed the same and 

did not increase or change; so, a buffer with capacity 
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of 1 is recommended for this station. This 

recommendation is shown in Figure 6. 

Each of the improvements can independently increase 

the production upto 27 units/day; but when all the 

buffers were implemented into the model with a 

capacity of 1 at the same time, the outcome of 

production increased from 997 units / day to 1028 

units / day, which shows an increase of output by 31 

units/day. Thus, it is better to implement 3 buffers in 

3 different locations (1 buffer after „Turn table #3‟ 

station, 1 buffer after „Rear install and check‟ station 

and 1 buffer for the entire main-line) to increase the 

production by 31 units/ day. 

 

V. RESULTS AND DISCUSSION 

 

To ensure, the model is correct, deterministic 

runswere carried out to verify the system as shown in 

figures 7, 8, 9, and 10. 
 

 
 

 
 

Figure 7: Deterministic run for the Main-line with takt time of 

50 sec 

 

 
 

 
 

Figure 8: Deterministic run for the Block-line with takt time of 

52 sec 

 

 

 
Figure 9: - Deterministic run for the Valve-line with takt time 

of 46 sec 

 

 
 

 
Figure 10:- Deterministic run for the entire line with takt time 

of 52.77 sec 

 

Also, each line has been modeled separately in 

SIMUL8 to be tested accurately. For each sub-

system, several machines, machines that are in 

parallel, processes and parallel processes have been 

tested randomly to ensure that the correct cycle time, 

downtime and efficiency has been used for the input. 

Parallel process is when 2 associates are working on 

one station simultaneously. 

All the input for each line was calculated as follows 

(52 sec has been used as the takt-time for main-line 

and 50 sec has been used as the takt-time for the 

block-line): 

 
Equation 1: Calculation for testing the actual number 

with the input of model for main-line 
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Figure 11: Input of main-line in simulation model 

 

 
 

Equation 2: Calculation for testing the actual number 

with the input of model for block-line 

 

 
Figure 12: Input of block-line in simulation model 

 

 
 

Equation 3: Calculation for testing the actual number 

with the input of model for valve-line 

 

Figure 13: Input of valve-line in simulation model 

 

After ensuring that the model is running correctly and 

producing the exact number of engines compared to 

the production sheets, the result of each of the 

resources, activities, conveyors and queues was 

dragged from the result manager in SIMUL8 software 

which is shown in Appendix A, for both 1 day and 1 

year (243 days). The model ran for 1 year to give 

more accurate result using result manager. 

As it is shown in Figure 14, the output of this model 

after running it for one day is 997, which is very close 

to the production of engine assembly line (real 

system). 

Using production calculation where 902 min is the 

available time, 52.77 sec is the takt-time that has been 

used for the entire assembly line, it can be concluded 

that: 

 
 

Equation 4: Production‟s calculation 

 

1026 units/day is very close to 997 units/day using 

SIMUL8. Based on this result, it is shown that this 

model is giving a production loss of 29 units a day, so 

the overall downtime is falling on the low side, but it 

is starting to look more realistic, which is a good 

foundation for HCM to build on. 

 
Figure 14: Ideal and actual production. 

 

Efficiency = Actual output number of units / Ideal 

number of input 

 

Efficiency = 997/1026 = 0.972 = 97.2% 

 

Equation 5: Efficiency‟s calculation 

 

By using this result, it can be concluded that there is a 

2.8% of production loss due to the downtime of 

equipment or machines, associate underperformance, 

and other minor efficiency issues on the line. 

 

 
Figure 15: Output of the simulation model for the entire line 

 

CONCLUSIONS 

 

In this paper, the current process model of an auto 

manufacturing plant was executed using SIMUL8 to 

measure the current efficiency level. The SIMUL8 

results for the current efficiency of plant was 

measured to be at 96% level. The challenge was to 

improve the process model. The approach was to 

identify and eliminate the bottlenecks to improve the 

process throughput and efficiency. After 

investigations for improvements, it was proposed to 

introduce buffers after „Seal install and check‟ 

station, „turn-table #3‟ station and a crossover buffer 

for each process in the main-line. Accordingly, the 

SIMUL8 model was revised, executed, and the results 

were analyzed. The results were promising as the 

improvements lead to increased efficiency to 97.2% 

level which is quite close to the theoretically optimal 

level of 97.5%.The overall project targets were 
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accomplished, including the resulting simulation 

model production line that would be an asset for 

future studies. 
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