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ABSTRACT
This thesis worked on Meter Production Company at Onna L.G.A., AkwaIbom State, Nigeria. The aim of study is productivity improvement through line balancing using heuristic methods as a result of analysis and articles review, it can be seen that the Ranked Positional Weight gives better results in the line efficiency and delay time minimization which compared to largest candidate technique. So that techniques minimize bottleneck operations and arranging the workload among work stations to increase line efficiency and minimize delay time.The bottleneck in this line after the standard time developed is final assembly operation with the highest task time of 52.78 seconds per meter 1092 meters per day. Before improvement, the production capacity of the company on an average for this specific model (meter production), on this specific line, the line actual production capacity is 942 meters per day. Therefore, from this analysis, the production capacity is increased from 942 meters per day to 1092meters per day and actual Line efficiency is improved from 63.69 % to 92.5% showing an improvement value of 28.4% and the delay in time of 7.5%. The cycle time equals 48 seconds per day by applying the Ranked Position Weighting techniques which is better than largest candidate technique.

Keywords:  Line balancing. Metering solution, Line efficiency, Meter production.

1. INTRODUCTION
Line balancing in manufacturing is a production strategy that involves balancing operator and machine to match the production rate to the task time and Task time is the rate at which parts or products must be produced in order to meet customers demand. Globalization and Technology transfer which makes the whole world relate as a community has led to high level of competition in business cycle (Abu Bakar Kharuddi, 2020). This is because technology, machines and goods can be transferred and ordered from any part of the globe. With this situation, for individual businesses and Companies to strife, they must think outside the box and explore possible means of producing high quality goods to sell at a possible low price so as to continuously find their feet in the market environment. It is on this premise that the issue of productivity creates a serious concern in industries. Productivity has now become an everyday watch word. It is crucial to the welfare of Industrial firm as well as for economic progress of any nation.
Furthermore, it is pertinent to understand the meaning of production system before more discussion on productivity. Azevedo etal.,(2020) defined production system as asset of integrated devices (including production equipment, tools, handling devices, the work positioning systems and computer systems) and human resources; the function of which is to perform one or more treatments and operations on raw materials, by mounting a part or assembly of parts. Production system includes several systems; individual stations cells, group technology, flexible manufacturing system, manual assembly lines, automatic assembly lines and transfer lines (Bai Xie, 2021).
The sole aim of any industry is to maximize profit. For local and foreign industries to survive in the competitive markets of our days, they need to produce high quality products and sell them at the lowest possible price. As such, efficient management of all the components of production along production line is apt for optimal productivity (Figueira, 2020). It is on this regard that this research work considers optimization measures for the production line of prepaid Meter. The prepaid meter assembly line of Metering Solution Manufacturing Services Ltd is observed to be experiencing as technical problem of high idle time, improper allocation of workers and inefficient time management which resulted in low line efficiency. This problem was attributed to imperfect allocation of workers, time and inefficient time management along various work stations. This led to the unbalanced and inefficient line, which tends to reduce the overall productivity of the company.
Consequently, to achieve efficient production line, the balancing of assembly lines become one of the most important elements of a system in industrial production that requires more attention. This has a considerable influence on the success of the target production. Over the years, line balancing has been of great concern to many industries and researchers who try to find the best methods or techniques to keep the balance of the assembly line and also to make it more efficient. Productivity can be defined as the ratio of input to output of goods and services (Binod Kumar, 2021). Inputs can be land, labor, material, machine or combination of these. It is a measure of how well the resources are utilized to achieve given objectives. High productivity refers to doing the work in a shortage possible time with least expenditure on inputs without sacrificing quality with minimum wastage of resources. For the purpose of maximum utilization of available time and personnel so as to increase productivity calls for this research work. Line balancing involves balancing the work force, times and output/machine/cell to goods as fast as possible while maintaining quality.
A line can be an assembly line, a production line, an advanced composite assembly cell or even a flow of service outside the manufacturing space (Boucheretal. 2021).It is therefore pertinent that such a system is designed and balanced so that it could work as efficiently as possible. As part of manufacturing system, an assembly system performs a set of sequential distinct minimum rational work (task) for the assembly of a product and it consists of a set of work stations linked together by transport mechanism and detailed specification of how the assembly of the product flows from one station to another. The main objective of line balancing is to distribute the task evenly over the work station so that idle time of man, of machine can be minimized (Calik, 2020).

2. METHODOLOGY
 Questionnaires were used for data collections.
After the collation of the data, the following steps were taken to analyse the data:
i. Data cleansing: the questionnaires were reviewed for completeness and accuracy
ii. The data were checked for missing information or inconsistence responds
iii. Data  coding: Numerical code were assigned to categorise responses
iv. Calculation of frequencies and percentage for categorical variables were made
v. Computation of means, medians and standard deviation for numerical variables were made
vi. Descriptive statistics were employed to summarise the data
vii. Charts, tables and graph were employed to illustrate the findings
Following the analyzing of the questionnaire and other findings, the following information were obtained:  number of operations, sequence of operations, number of workers, working hours, machine efficacy. 
        Table 3.1: MSMSL production Data
	S/N
	parameter 
	Value 

	1
	Total output per day
	600

	2
	Total manpower
	17

	3
	Working time 
	8hrs

	4
	SMV
	520

	5
	Cycle time
	

	6
	Line efficiency
	63.4%

	7
	Target per hour
	142



The study adopted a step by step approach as postulated by Helgeson, et al., (1961) for Rank positional Weight algorithm in line balancing, which assigns tasks to workstations based on their priority and positional weight.
The steps used are:
1. Task Ranking: Tasks were ranked in descending order of their processing times.
2. Positional Weight Calculation: Calculation for the positional weight for each task were made, considerations were given to its processing time and precedence relationships.
3. Task Assignment: Tasks were assigned to workstations based on their ranked positional weight.
4. Workstation Loading: Calculation for the total processing time for each workstation were made.
5. Balance Check: Check if the line is balanced (i.e., no workstation has excessive idle time).
Development of Mathematical Model and Specifications for Metering Production Line
			  3.1
                    		                                           3.2   
                            		                               3.3                                                                                                                             			   3.4          	     3.5				                             3.6
The production efficiency is an economics concept that indicates the maximum level of output a manufacturer can produce without lowering the output of another product. It is calculated using equation (3.6)
	    3.7
Total Productivity Measure (TPM):
It is based on all the inputs. The model can be applied to any manufacturing organization or service company. The Total productivity  is total tangible  output divided by total tangible input 
									                3.8		The total tangible output, Value of finished goods produced  Value of partial units produced  Dividends from securities, Interest and other income  is calculated using equation 3.9
				=  		3.9
Similarly, the total tangible input  is equal to the summation of the value of human , material , capital , energy , and other input  as shown in equation 
	    	         3.10                                                                                                                                           Partial Productivity Measures (PPM)
Partial Productivity Measures (PPM) is the quantitative relationship between what is produce and what it was spent to produce it. Depending upon the individual input, partial productivity measures is determine using equation 3.11
							3.11
Similarly, labour productivity  is the measure of how much financial yield a company have been able to generate for every working hour. Measured in terms of man-hours and is calculated using equation 3.12 
							3.12
Capital productivity is the measure of how well physical capital is used in providing goods and services. It is used to determine the efficiency of fixed assets. It is a measure of the amount of output to the amount of physical capital used as input.         
				3.13   
Material productivity is the measure of output generated to the amount of input materials used. It is determine using equation 3.14
		 3.14  
This the measure of the economic benefit receives from each from each unit of energy used. It can be calculated using equation 3.15
		3.15
Productivity is the efficiency of production of goods or services expressed by some measures. It the measures of aggregate output to an aggregate input used in the process.
					3.16
Manufacturing Lead Time for Batch Production
 Batch Production means that a manufacturing process in which components or goods is produced in batches and not in a continuous stream. The manufacturing lead time  of batch production will be calculated by using equation 3.17
			    		          3.17
 – No of operations having the product in Nos 
– Set up Time required for each machine operation (Max. Set Up Time) in Hrs or Mins  
 – Cycle Time required for manufacturing the parts (Max. Cycle Time) in hours or Minutes  
 – Number of Operating Time in hours or Minutes 
3.9.3	Standard Time 
The following procedures and equations have been adopted from Sharma, 2004 and Tushar (2006).  To determine the standard time, take individual time observation for each task.  Determine the number of cycles to be timed using equation 3.19. If the value of N is more than the sample taken, additional sample has to be taken again. For having 95% confidence level with ±5% accuracy in time study.
								3.18
The average actual time is calculated using equation 3.19
									3.19 
The theoretical minimum number of workstations  and the delay time  can be determined using equation 3.20 and 3.24 respectively.
					3.20
The delay time of the production line which may include break time, time to use the rest room etc. is determine using equation 3.21
		3.21
Theoretical output per day of the production line is determine using equation 3.22
		3.22
The actual line efficiency per day is calculated using equation 3.23 
			3.23
						












								
RESULTS AND DISCUSSIONS
 The assignment procedure is continued until all the operations are assigned to the stations as shown in table 3.1.
[image: ]
		
   Fig.3.1: graph of RPW against Operation codes

In fig.3.1, the graph of the RPW against the operation codes is presented. The graph shows that operation A and J has the least and highest RPW respectively.
               Table 3.1. Work task assigned to stations according to the RPW values
	Workstations
	Work Tasks
	Task time
	Station time
(second)

	1
	J
	30.00
	30.00

	2
	I
	29.00
	29.00

	3
	H
	25.06
	25.06

	4
	G
	13.40
	13.40

	5
	F
	18.68
	18.68

	6
	E
	11.64
	22.84

	
	D
	11.20
	

	7
	C
	199.84
	199.84

	8
	B
	7.90
	7.90

	9
Na= 9
	A
	52.78
	52.78



[image: ]Actual Line efficiency is therefore calculated using equation 3.26 to be 92.5% showing an improvement value of 28.4%. The delay in time of 7.5% was obtained. Fig.3.2 shows the graph of the allowance factor, normal time in seconds, average time, and the standard time with the sixteen number of task beginning from meter box molding as number one to meter accuracy test task. The fifteenth task, Final Assembly operation has the highest standard and normal task time which is the bottle neck of the production line.

Fig.3.2:Graph of Normal time, Average time and standard task time

Fig. 3.2 shows the variation in normal, average, and standard time in seconds for the different products at 20% workers allowance time. From the graph, it is evident that the final assembly requires the highest normal, standard and average time of 52.58, 52.78 and 47.80 respectively followed by the EEPROM unit design with the normal, standard and average time of 33.64, 33.44 and 30.40 in seconds respectively. The meter assembly test requires the minimum normal, 
[image: ]standard and average time of 7.90, 7.70 and7.0 in seconds respectively followed by the meter box assembly with11.20, 11.0 and 10.0 seconds for normal, standard and average time respectively.
Fig.3.3: showing the variation in production capacity between and number of operators at bottle neck.


Fig.3.3 shows that production capacity increases as the number of operator’s increases. However, at bottle neck irrespective of the number of operators the production capacity remains constant.







3. CONCLUSION
This work on Meter Production Company was carried out at Onna L.G.A.,Akwa Ibom State, Nigeria. The aim of the study were on productivity improvement through line balancing using heuristic methods as a result of analysis and articles review, it can be seen that  the Ranked Positional Weight gives better results in the line efficiency and delay time minimization which compared to largest candidate technique. So that techniques minimize bottleneck operations and arranging the workload among workstations to increase line efficiency and minimize delay time. The bottleneck in this line after the standard time developed is final assembly operation with the highest task time of 52.78 seconds per meter, 1092 meters per day. Before improvement, the production capacity of the company on an average for this specific model (meter production), on this specific line, the line actual production capacity is 942 meters per day. Therefore, from this analysis, the production capacity is increased from 942 meters per day to1092 meters per day and actual Line efficiency is improved from 63.69 % to 92.5% showing an improvement value of 28.4% and the delay in time of 7.5%.The cycle time equals 48 seconds per day by applying the Ranked Position Weighting techniques which is better than largest candidate technique.









4. REFERENCES
Abu Bakar, N., & Kharuddin, M. H. (2020). Solving assembly line balancing problem usingheuristic: A case study of power industry. Indonesian Journal of Electrical Engineering &ComputerScience,17(2), 850-857.https://doi.org/10.11591/ijeecs.v17.i2.850-857
Azevedo, S. G., Ribeiro, M. D., & Sousa, J. A. (2020). Assembly line balancing with stochasticparameters:Acomprehensiveapproach.Computers&IndustrialEngineering,146,106558.https://doi.org/10.1016/j.cie.2020.106558
Binod,R.,&Kumar,P.(2021).Areviewofheuristicmethodsforassemblylinebalancing.Production	Planning	&	Control,	32(9),	757-775.
     https://doi.org/10.1080/09537287.2020.1792928
Boucher,J.L.,Schall,M.,&Jafari,A.(2021).Collaborativeassemblylinebalancingusingheuristic	and	machine	learning	algorithms.	Procedia	CIRP,	97,	149-154.
         https://doi.org/10.1016/j.procir.2020.11.032
Calik, E., Kizildag, M., & Bayraktar, E. (2020). Task assignment models for assembly linebalancinginthesemiconductorindustry.JournalofManufacturingScienceandEngineering,142(9), 091008. https://doi.org/10.1115/1.4046239
Figueira,J.R.,&Almeida,J.(2020).Assemblylinebalancinginthepharmaceuticalindustryusingmetaheur   istic	algorithms.	Expert	Systems	with	Applications,	151,	113357.
            https://doi.org/10.1016/j.eswa.2020.113357
Helgeson,W.B.,&Birnie,D.P.(2020).Rankedpositionalweightmethodforassemblylinebalancing.Sprin    ger.
Kharuddin, M. H., & Abu Bakar, N. (2020). Solving assembly line balancing problem usingheuristic methods in power industry.Indonesian Journal of Electrical Engineering &ComputerScience, 17(2),850-857. https://doi.org/10.11591/ijeecs.v17.i2.850-857

Shrestha, M., & Kumar, A. (2021). Solving the multi-objective assembly line balancing   problemusingageneticalgorithm.ComputersandOperationsResearch,123,105107.https://doi.org/10.1016/j.cor.2020.105107
Xie, S., & Bai, C. (2021). Efficient heuristic methods for multi-model assembly line balancing    inuncertainenvironments.IndustrialEngineeringJournal,45(1),77-93.https://doi.org/10.1080/00207543.2021.1845949

15

image1.png
e F
Operation Codes





image2.png
40

30

20

1

2 3 4 5 6 7 & 9 10 11 12 13 14

== Normal time in second

—&— Allowance for workers (20%) —l— Standard time in seconds

—&— Average time in seconds

15

16




image3.png
- e
e | _/ :
'S 4000} / ]
5| g |
£ 3000[ / |
g 7 f
Em; / /

1000} - .'

- |
o> . b X X X X X X X X i
0 2 4 6 8

Number of operator at bottleneck




