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Abstract: Time study is one of the Lean Tools that helps to analyze the total cycle time used in the production line.With Time Study, the company can gain lead time for flexibility in their operations. Time study is conducted in ABCSdn. Bhd., to meet the deadline set by the customer when they received massive volume order. Applying Time Studyitself does not impact much on the output desired. In Lean, there are many other principles and tools, and all ofthem play an important role to produce better outcome, in terms of productivity. However, there are never one toolfor all solutions. Combinations of related principles are the key to success and improvement in Lean. Thus, layoutmodifications and 5S are introduced along with Time Study. With all three main principle on the go, the lead timefor the operation can be seen significantly after the implementations. The aim of this case study is to create a betterand comfort working space for the employees in ABC Sdn Bhd on top of finding a best and effective solution todeliver the finished products smoothly. As a result, a brand new layout and environment is formed in the productionfloor.
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1. Introduction

*The company that is involved in this study is ABCSdn Bhd. Untidiness of the environment in thefactory area causing delays on identification andplacements of tools used. Scattering of variousstations within large area leads to unwantedtransportations and movements of work in progresswhich does not add value to it. For instance, theprocess layouts between stations for the strip brushmanufacturing line are far apart among each stationsand the material are not flowing in a smooth path.In this research, the main objective was toidentify the total cycle time spent in the productionand eliminate the transportation time by re-modifythe production layout and eventually reduce thecycle time. The scope of this study involves the areaswithin the factory focusing on the cleanliness andtidiness criteria, especially the stations for stripbrush production, the workshop centre and themachine storage area. Also, this study will focus onthe two stations under strip brush production, whichare the Stamping station and the Pinnacle stations.The distances between the two stations are far apartfrom each other which extend the cycle time for thestrip brush production as well as the overalltransportation distance of work in progress withinthe production.
2. Literature review

* Corresponding Author.

2.1. Elements of 5S1. Sort - Sorting out all the necessary items includingtools and parts to identify what it has, what it usesand what is not needed.2. Set - Setting all required items in order.3. Shine - Cleaning, inspection and carry outmaintenance for tools and machine in order toperform better.4. Standardize - Create a standard format and systemfor everyone to follow to maintain the system5. Sustain - Execute and follow the system withregular practices
2.2. U-shaped assembly line layouts and their
impact on labour productivityIn order to modify an existing assembly line in amanufacturing company, there are 6 steps to takeinto considerations as a guide to convert thetraditional long assembly line into a work effectiveU-Shaped layout.1) Step 1:  Calculate the desired reduction in numberof workstations.2) Step 2:  Calculate the labour productivity level.3) Step 3: Determine the percent improvement inlabour productivity.4) Step 4: Determine the number of probleminstances that experience an improvement in labourproductivity.
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5) Step 5: Identify the number of operators thatwork across both legs (crossovers).6) Step 6: Determine the percent workstationsrequiring crossovers.
3. Methodology

3.1. Dimension of the factory layout using
footstep methodThe distances are recorded based on the numbersof footsteps stacked as shown in Fig. 1. Afterrecording the numbers of footstep, the length of onefootstep is measured and the overall factory layout iscalculated by multiplication of the length of thefootstep with the number of the footstep betweentwo stations. The distance is measured in XYCartesian coordination instead of diagonally orcrooked as travelled by the workers. Thus, in orderto travel to another station involving cornering ornon-linear direction, the "L" shape Footstep Methodin Fig. 2 is applied.The distance travelled was calculated usingEquation 1 as below:

Fig. 1: The footstep method used to calculate the distancewithin the factory

Fig. 2: "L" shape footstep method
3.2. Simulated data for travelling time using
footstep methodThe time spent in each station was recorded inthe data sheet. The data travelling time within thefactory is simulated by walking along a certainlength of distance (450cm) and the time taken isrecorded, a set of 6 data is taken in order to obtain aaccurate result.

Equation 2 is used to calculate the travelling timeestimated for 1 cm travelled whereas Equation 3 isused to calculate the total estimated time travelledby the work in progress within the production line.
4. Results and discussion

4.1. Current material flow in productionFig. 3 below shows the flow of the currentmaterial in the Strip Brush Production Line, from theraw material to the final finished goods anddelivered to the customers.Material Flow in Production Cycle Time:1) From Raw Material to Strip Brush Machine2) From Strip Brush Machine to Inventory3) From Inventory to Stamping Station4) From Stamping Station to Pinnacle Station5) From Pinnacle Station to far end Binding Station 16) From Binding Station 1 to Binding Station 27) From Binding Station 2 to Checking Station8) From Checking Station to Packing and TrimmingStation9) From Packing and Trimming Station towarehouse.

Fig. 3: Full layout of the production floor with materialflow

Fig. 4: Layout of suggestion 1
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4.1.1. Current total production cycle time in
productionThe overall Production Cycle Time including theprocessing time within the each stations and thetime taken to transport the work in progress. Thetransportation time is derived from distance fromone station to another and its then multiplied withthe simulated time under Footstep Method andadded into the process time of each station. Thus, thetotal production cycle time is obtained by usingEquation 4 as shown.

The distance for the work in progress to travelare Distance from Strip Brush to Inventory, Distancefrom Inventory to Stamping, Distance from Stampingto Near Pinnacle (few machine distance), and theDistance from Pinnacle to Far End Binding Station.These distance were calculated and tabulated intothe table in the Appendices section under totalproduction cycle time.Referring to Table 4 in Appendices, the totalProduction Cycle Time for the current production is129.898 s.
4.2. Suggestions for strip brush production lineThere are a few suggestions proposed by theauthor in order to overcome the current problemfaced by the company under Strip Brush ProductionLine. A total of three suggestions were proposed andthe suggestions were mainly focusing on thematerial flow in the production line.
4.2.1. Suggestion 1 strip brush production lineMaterial Flow in Production Line:1) From Raw Material to Strip Brush Machine2) From Strip Brush Machine to Inventory3) From Inventory to Stamping Station4) From Stamping Station to Pinnacle Station(arranged side by side)5) From Pinnacle Station to Binding Station 1 (withnearest distance)6) From Binding Station 1 to Binding Station 27) From Binding Station 2 to Checking Station8) From Checking Station to Packing and TrimmingStation9) From Packing and Trimming Station towarehouse.Referring to Table 5 in Appendices, the totalProduction Cycle Time for the Suggestion 1 Layout is98.981s.
4.2.2. Suggestion 2 for strip brush production
lineMaterial Flow in Production Line:

1) From Raw Material to Strip Brush Machine2) From Strip Brush Machine to Inventory3) From Inventory to Stamping Station4) From Stamping Station to Pinnacle Station(arranged side by side)5) From Pinnacle Station to Binding Station 1 viasliding in Slider6) From Binding Station 1 to Binding Station 27) From Binding Station 2 to Checking Station8) From Checking Station to Packing and TrimmingStation9) From Packing and Trimming Station to warehouseReferring to Table 6 in Appendices, the totalProduction Cycle Time for the Suggestion 2 Layout is98.848 s.
4.2.1. Suggestion 1 Strip Brush Production LineMaterial Flow in Production Line:1) From Raw Material to Strip Brush Machine2) From Strip Brush Machine to Near Inventory3) From Near Inventory to Stamping Station4) From Stamping Station to Pinnacle Station(arranged side by side)5) From Pinnacle Station to Binding Station 1 viasliding in Slider6) From Binding Station 1 to Binding Station 27) From Binding Station 2 to Checking Station8) From Checking Station to Packing and TrimmingStation9) From Packing and Trimming Station towarehouse.

Fig. 5: Layout of suggestion 2

Fig. 6: Elemental task modification of Suggestion 2
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Referring to Table 7, the total Production CycleTime for the Suggestion 3 Layout is 47.436 s.
4.3. Final analysis on suggestion selection and
implementations

4.3.1. ANOVA analysis on current production
cycle timeThe current situation and the total productioncycle time data from Table 1 were analyzed byANOVA. The p value and the F critical value are6.35E-35 and 2.007792 respectively.

4.3.2. ANOVA analysis on suggestion 3
production cycle timeThe data of the total production cycle time forSuggestion 3 from Table 2 is analyzed by ANOVA.The p value and the F critical value are 1.69E-12 and2.073351 respectively.From all four analysis, Suggestion 3 has theshortest production cycle time even though the pvalue, 1.69E-12, is slightly higher than the currentsituation's p value of 6.35E-35. As long theproduction cycle time is the shortest among thethree suggestions and the p value is less than 0.05.The null hypothesis is rejected and the solution inSuggestion 3 is valid.

Fig. 8: Current process layout in FlexSim

4.4. Cost Saved and Profit Earned in 1 unit
producedThe cost and profit earned in the production ismainly the interest of the company. The profit of aunit produced is assumed to be RM1 under bothsituation, current and the final solution. With thefinal solution provided, using Suggestion 3, in Table4.15 shows the differences between both situations,before and after implementation in terms of profitearned by the company.The ratio of the production before and after isapproximately 1 to 4, which means under the sameproduction time; the company earned additional RM3 under the final solution.Therefore, from the simple estimation, the timetaken to produce 1 unit of finished product from thecurrent situation is approximately four times moreas compared to the final solution. Thus, by applyingthe solution, the company can earn approximatelyRM 183040 instead of RM 45760, which have thedifference of RM 137280 for 1 year production.

Fig. 9: Suggestion 3 process layout in Flexsim
4.5. Verification of Layout using FlexiSimBoth the picture below (Fig. 8 & 9) were obtainedfrom FlexSim and the simulation is executed whichsupports the implementation of Suggestion 3 intothe Strip Brush Production Line. Fig. 8 is thesimulated process layout of the current situationwhereas the Fig. 9 is the simulated process layout forSuggestion 3.
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4.6. Using solid works for process layout

Fig. 11: Isometric view of the suggestion 3
4.7. 5. Simulation implementationsIn order to maintain the cleanliness and tidinessof the environment around the factory, 5S, (sort, set,shine, standardized and sustain), were implementedto the company in a few areas.

Fig. 12: At the recycle cartoon box area (before)

Fig. 13: At the recycle cartoon box area (after)

Fig. 14: At the tools center (beforeAlso, at the tools center, the initial situation asshown in Fig. 14 was messy and not oriented. Theworker seems to have a hard time finding the toolsand profile required easily and fast. Thus, after theimplementation with additional of labeling on it, thesituation seems to be more organized (Fig. 15).At the Head Brush Assembly Station as well as theStrip Brush Station at the final stage under qualitychecking, visualized labels are placed at a observablelocation in order to guide and remind the workers tocheck the quality of the product produced with thesimple visual of how is a pass product and how is anot pass product. This is to prevent the finishedgoods that are defect to be send to the customer else,the company has to bear the losses for breach of thecontract. Fig. 18 to 22 is the labeling done to therespective stations as indicator to the workers.

Fig. 15: At the tools center (before)
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Fig. 16: Pass product (with no defect product)

Fig. 17: Not pass product (defect product)

Fig. 18: Front view of the pass product
5. ConclusionIn the current situation, the average processingtime for Stamping is 3.4s, Pinnacle is 2.8583s,Binding 1 is 8.1067s, Binding 2 is 5.9767s, Checkingis 11.0633s, and Packing is 8.5233s. Total averageprocessing time is 35.5283s without including anytransportation time for the work in progress. Thecurrent total production cycle time is found to be129.898s which is approximately 4 times of theSuggestion 3 which is the final implemented solutionwith the total production cycle time of 47.436s.It was found that the p value and the F Criticalvalue of the current production cycle time are 6.35E-35 and 2.007792 respectively. This somehow provedthat the production line is considered in a goodsituation as the p value is less than 0.05. However,the p value and the F Critical value of the finalimplementation's production cycle time are 1.69E-12 and 2.073351. Thus, the implemented solution isfour times much more efficient than the current

situation even though both p values are less than0.05.The profit earned under the final solution is fourtimes as to the current situation within the sameproduction time. By implementing the final solution,the company will manage to earn additional RM 3with the same amount of production time, cost of theutilities and capital cost. Thus, the solution underSuggestion 3 managed to gain profit for the companywith the application of Lean theory.

Fig. 19: Rear view of the pass product

Fig. 20: Not pass product (defect product)
5.1. Further improvementsIt is recommended for the company to importnew and better machines especially semi-automatedor fully automated machines so that the productionflow can be balanced up as the strip brush machineis twice the speed of the manual job shop machines.The practices of 5S is mostly implemented in thefactory but sustaining the 5S system is the last andcurial factor in order to have a clean, tidy and leanproduction. Thus, the company should focus more onmaintaining and sustaining the system after theimplementation of 5S.The suggested methods and layouts in thisresearch and also the final solution can be expandand spread throughout the whole company eventhough the process might defer a little. In thisresearch, the author has developed a simple systemon applying lean into manufacturing line and thecompany can follow the procedure and apply thesystem to other areas in the company for better andgreater impact of lean manufacturing.
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