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Executive Summary 
 

During the first quarter of 2009, we worked with Company XXX’s Edmonton manufacturing 

facility to develop recommendations for resource allocation and line layout for production of a 

specific window line. This window line is currently being produced on a small scale in the 

company’s Mississauga, Ontario manufacturing facility. Because it will be producing a 

significantly larger volume in Edmonton, our analysis is focused on providing 

recommendations that will assist Company XXX in a smooth transition into production. 

Lean manufacturing principles are the basis of Company XXX’s operations. Through 

discussions with our client as well as personal research, we developed solution criteria based on 

the core values of Lean manufacturing. In particular, we have provided recommendations that 

are consistent with Lean manufacturing’s individual piece flow model, which minimizes work 

in progress and inventory. As well, we have evaluated our layout and line balancing in order to 

minimize inefficiencies such as transportation, and empty space that Lean facilities try to avoid. 

Our analysis of the Edmonton facility focused on three areas: 

1. Labour and Machine Requirements 
2. Task Assignment and Line Balancing 
3. Manufacturing Line Layout 

 
By applying Lean manufacturing principles, we were able to create an Operational Planning 

tool in Excel that allows users to input relevant data, which the tool then analyzes and provides 

an output detailing the minimum number of employees and machines that the manufacturing 

line should employ. The underlying calculations are based on Takt time and standard work 

process times. Considerations were also included for the number of machine changeovers 

required. In order to provide a more detailed analysis, we created an Employee Assignment 

tool that evaluates task assignments based on the overall line balance. Employees can be 

assigned any combination of tasks and our Employee Assignment tool will calculate that 

employee’s Total Task Assignment Time which can then be easily checked against that 

employee’s Takt time to ensure efficient line balance. This calculation uses standard work 

process times and considers both the number of tasks assigned to an employee, as well as the 

number of other workers assigned to each task. Finally, based on a particular scenario that our 

client provided us with, we created a recommendation for the physical layout of the 

manufacturing line. 

Overall, we were able to use raw process times and a set of variable inputs to analyze potential 

resource allocations, employee task assignments, and physical layouts and evaluate them based 

on Lean manufacturing principles.  
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Background 
 

The Problem 

Our client is a large national window and door manufacturer, with a key manufacturing facility 

located in Edmonton, Alberta. The company has branches across Canada, including a smaller 

manufacturing facility in Mississauga, Ontario. Utilizing state-of-the-art manufacturing facilities 

and Lean manufacturing concepts, our client’s streamlined production process provides 

customers with high quality products while offering one of the shortest lead times in the 

industry. 

Presently, the manufacturing facility in Ontario already produces the window product line. 

This window series can incorporate a number of different ‘accessories’ depending on the 

particular order specifications. These accessories often require set up changes for the saws, 

welders, and corner cleaners used in the manufacturing process. As well, some accessories 

require additional manufacturing processes or activities, above and beyond the base window 

production process. Our clients have witnessed the manufacturing line process in the 

Mississauga facility and notice that due to the large number of machine changeovers, the 

employees at the end of the manufacturing line are often left idle while they wait for processes 

up stream to finish changeovers. 

In the near future, our client will be manufacturing the window product line at the Edmonton 

facility at a much larger volume than is currently being produced in Ontario. This larger 

demand would likely drastically magnify the inefficiencies they are currently witnessing at the 

Mississauga facility. Therefore, in line with their commitment to Lean manufacturing processes 

and the desire to provide the best value to customers, our client would like to determine the 

most efficient resource allocation and manufacturing line layout for producing the window 

product line in the Edmonton facility. Resources to be incorporated in the facility and line 

layout include both labour and machinery. 
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Lean Manufacturing Principles 

A significant consideration in completing the analysis for this project was applying ideas and 

principles used in Lean manufacturing. These principles are the basis of manufacturing line set-

up and production in each of our client’s manufacturing facilities. In order to ensure that our 

recommendations and deliverables would be useful, we had to develop a solution that was 

consistent with Lean manufacturing procedures. 

Coined ‘Lean production’ by James Womack, Daniel Jones, and Daniel Roos in their book The 

Machine That Changed the World: the Story of Lean Production, Lean production principles is 

primarily based upon the Toyota Production System, which was developed between 1948 and 

1975 by Taiichi Ohno, Shigeo Shingo, and Eiji Toyoda (Ohno, 1988). Toyota implemented a 

production system that focuses on “Kaizen,” or continuous improvement. The company 

constantly undergoes process transformation in support of the goal to eliminate “muda” or 

waste. The Toyota Way founded a new ideology in regards to quality management as they 

enforce “Jidoka,” a quality management technique in which they believe “Zero defects is 

absolutely possible” (Dennis & Shook, 2007, p. 95). As the popularity of Lean manufacturing 

increased, variations on the production principles began to develop. One such variation is the 

idea of dynamic line balancing, which we incorporated into our analysis. Dynamic line 

balancing involves assigning workers ‘shared’ tasks in order to eliminate idle time (McClain, 

Thomas, & Sox, 1992). 

The manufacturing line in a facility operating under Lean manufacturing principles will have 

Standard Work Processes in place for every station within a manufacturing line. These standard 

Work Processes will have been generated through the application of a 5S visual control 

principle whose aim is to make all work spaces efficient and productive, help people share 

work stations, reduce time spent looking for needed tools, and improve the overall work 

environment. Each employee on that line will perform his or her specific assignments in this 

standardized way. The employees are assigned tasks according to line balancing principles 

based on Takt time and the Standard Work Times.  
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Solution Criteria 
 

Based on our client’s use of Lean manufacturing, our solution should meet the following 

requirements: 

Elimination of “Muda” - Waste 

Motion Line layout and resource allocation should minimize time workers 
need to spend walking (such as from one production station to 
another). 

Transportation Line layout and resource allocation should reduce unnecessary 
movement of product. 

Waiting Ideally, product, labour and machinery should all be occupied as 
much as possible while product is being produced. Keeping the 
product ‘busy’ with production activities is the most important factor. 

Overproduction Our line layout and resource allocation should minimize “batching” 
that can cause overproduction. Ideally, our line should allow for a 
near exact production of expected demand. 

Processing Time Non-value added time should be minimized or eliminated wherever 
possible. 

Defects Our line layout and resource allocation should emphasize one-piece 
flow production and standard work procedures, which decreases the 
likelihood of defective products. 

Inventory Manufacturing line layout must ensure that ‘work-in-progress’ is 
minimized as much as possible. 

 

Standard Work 

Standardized 
Operations 

Assignment of tasks should focus on the process (overall line balance) 
and should be standardized (each worker should complete a set of 
tasks the exact same way). 

 

One-Piece Flow 

Pull Manufacturing Line layout should minimize “batching” and work should be 
completed one piece at a time when possible. 
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In order to provide the most useful tool and analysis for our client, the following criteria should 

also be met. 

Other Requirements 

Facility-Consistent 
Layout 

Our line layout should be long and narrow, rather than short and 
wide. This will allow the line to easily fit into our client’s 
manufacturing facility. As well, considerations need to be made for 
recycling bins and other production requirements. 

Sensitivity Analysis A sensitivity analysis should be provided for our final 
recommendation. This will allow the client to understand how 
resource allocation and line layout may need to change, if given 
inputs vary from the base scenario. 

Realistic and 
Adaptable 

Overall, our final recommendations and deliverables should be 
realistic and useful. Although minor adaptations may be required, the 
recommendation should be able to be implemented in the Edmonton 
facility. 
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Methodology 

Research 
 

In order to provide a deliverable of value to our clients, any analysis we performed was 

required to stay consistent with the principles of Lean manufacturing. Therefore the first step of 

our project was to learn about Lean manufacturing and how it has been integrated into all 

aspects of operations at Company XXX. This was achieved through mentorship from our client, 

tours of the Edmonton manufacturing facility and individual research. This research included 

publications from Womack, Jones and Roos’ The Machine that Changed the World, Dennis and 

Shock’s Lean Production Simplified, and Imai’s Gemba Kaizen. 

Mississauga Facility – Current State Analysis 
 

Once we felt we had grasped the core principles of Lean manufacturing, we applied this 

knowledge to Company XXX’s Mississauga facility, where the window series is currently 

produced. We would use this analysis as check to confirm that what we had learned through 

our prior research would translate to a real world problem. 

The assumptions we made during this initial analysis were as follows: 

1. We assumed that every window required one sash. 

2. Because they were not taken into account currently at the Mississauga facility, we 

assumed there were no machine changeovers. 
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Data Collection 

We were provided with standard work times 

for the tasks required for each window. An 

example of the data we were given is shown 

in Figure 1. This diagram shows us the time 

it should take an employee to complete the 

task listed. The “Work Time” column is often 

referred to as the “value-added” time an 

employee is contributing to the product, 

whereas the “walk time” column is 

considered to be “non value-added” or waste time that should be reduced as much as possible. 

Line Balance – Mississauga Facility  

After compiling all the data we were given into a single spreadsheet (as shown in Appendix A), 

we went on to generate a tool that would help us quickly analyze the effects of assigning 

different employees to different tasks. 

Line balancing at Company XXX is based on the idea of Takt time. Basically, if employees are 

working x number of minutes per day (available time) and we have to achieve y number of 

windows for that day (demand); we need to have 1 window coming off the line every x/y 

minutes. Therefore, we allocate standard work procedures to each employee on the line that 

sum up to as close as possible to x/y minutes. This will ensure that, first of all, you will be able 

to produce the required demand and, second of all, you will minimize the idle time of your 

employees. 

In order to apply this theory to the current state of operations we developed a spreadsheet that, 

based on our inputs of available time and demand, would calculate our Takt time and the 

number of employees required on our line to meet that Takt time. These we based on simple 

calculations shown on the following page. 

  

Figure 1 
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(1) Takt Tim

(2) Minimum Number of Employees

Once we understood the constraints within which we must perform our line balance we went 

on to create a tool that would allow us to assign 

we were under the required Takt time for the line. This tool, whose screen shot is shown below

in Figure 2, is based on the following logic. You can assign a task to an employee by typing in 

the corresponding task number beside that employee. Excel will then perform a “look

that task to determine the standard work time associated with that task. It will then add up all 

of the standard work times of the tasks assigned to that employee on the far right ha

the table to quickly show us if the employee is going over the T

standard work times are longer than the T

balancing, we will need to divide the standard work time 

employees assigned to that task. We incorporated this into our model by using a “count

formula. This formula searches the entire table 

standard work time by the number of times we assigned that task within the 

illustrated in the example on the following page

 
Resource Allocation and Line Layout for Window Manufacturing Facility 

Takt Time = Available Time / Demand 

imum Number of Employees = roundup (Total Cycle Time for 1 window

Once we understood the constraints within which we must perform our line balance we went 

on to create a tool that would allow us to assign tasks to employees and then quickly

akt time for the line. This tool, whose screen shot is shown below

, is based on the following logic. You can assign a task to an employee by typing in 

task number beside that employee. Excel will then perform a “look

that task to determine the standard work time associated with that task. It will then add up all 

of the standard work times of the tasks assigned to that employee on the far right ha

the employee is going over the Takt time or not. Because

work times are longer than the Takt time, or if we choose to implement dynamic line 

balancing, we will need to divide the standard work time for a specific task by the amount of 

employees assigned to that task. We incorporated this into our model by using a “count

the entire table for a particular task, and then divide

ber of times we assigned that task within the table.

on the following page.  

Figure 2 

 

10 

= roundup (Total Cycle Time for 1 window / Takt Time) 

Once we understood the constraints within which we must perform our line balance we went 

tasks to employees and then quickly verify that 

akt time for the line. This tool, whose screen shot is shown below 

, is based on the following logic. You can assign a task to an employee by typing in 

task number beside that employee. Excel will then perform a “look-up” on 

that task to determine the standard work time associated with that task. It will then add up all 

of the standard work times of the tasks assigned to that employee on the far right hand side of 

Because some 

akt time, or if we choose to implement dynamic line 

for a specific task by the amount of 

employees assigned to that task. We incorporated this into our model by using a “count if” 

divides the task’s 

table. This is 
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Shown in Figure 2, we have assigned Employee A to tasks 1.01, 1.02 and 1.03. We have assigned 

Employee B to task 1.03 as well, along with 1.04, 1.05, 1.06, 2.01, 2.02 and 2.03. For every task 

they are completing individually, Excel has simply added up the corresponding standard work 

process time and has reported the total in the furthermost right hand column. For the task they 

share, 1.03, Excel has not only added up the standard work process time, it has looked 

throughout the entire table shown here and has found 2 instances of this task and has therefore 

divided that specific time by 2 before adding it to the employee’s “Total Assignment Time.” 

Once this tool had been developed, we completed a line balance for the Mississauga plant based 

on an available time of 440 minutes per day and a demand of 25 windows. The results of this 

analysis are presented in the Analysis section of the report. 

Waste Analysis – Mississauga Facility  

We were also provided with a visual representation of the current manufacturing line set up in 

the Mississauga facility. Based on the six sources of waste listed in the Solution Criteria section, 

we analyzed the current line layout to identify any potential sources of waste. 

Edmonton Facility – Future State Analysis 
 

Once we were confident we had grasped the core principles of Lean manufacturing and had 

verified our preliminary analysis with our client, we went on to perform the initial analysis 

required to impose a smooth transition into manufacturing the window at the Edmonton 

facility. 

The three main differences between the Edmonton facility and the Mississauga facility were: 

1. Demand at the Edmonton facility is significantly greater – approximately 8 to 

10 times the product currently produced at the Mississauga facility. 

2. The significant increase in demand will magnify the idle time of employees 

downstream due to frequent machine changeovers. 



CORS Student Paper Competition  
Resource Allocation and Line Layout for Window Manufacturing Facility 

12 
 

3. The demand for sashes would now be taken into account in our analysis (no 

longer assuming one sash per window). 

 

Due to the custom order nature of Company XXX’s demand, the number of changeovers and 

demand for a window is expected to vary on a daily basis. Company XXX operates by receiving 

orders one day, manufacturing them the next day and shipping them the following day. This is 

why we developed an operational planning tool that would allow them to input demand and 

number of changeovers per day into an Excel and VBA based tool that would quickly generate 

the machine and employee requirements needed to fulfill the demand and product mix of any 

given day. 

The assumptions we made while performing this analysis were: 

1. Any machine or standard work process involving a sash would be analyzed 

according to the Sash Demand. Any other machine or standard work process 

would be analyzed based off of the general demand for windows. 

2. If a window required more than one sash to be installed, we assumed the 

standard work processes or machine cycle times for tasks pertaining to the 

sash would increase linearly with this number by a factor of 1. For example, if 

a window requires three sashes, the time that an employee would spend 

cutting pieces for the sash would be multiplied by three. 

3. There are no upper limits on the amount of employees we can assign to a task. 

4. By adding an employee to a task we are assuming that the workload will be 

shared equally for that task. 

 

Machine Requirements – Edmonton Facility 

Because demand is expected to be significantly greater in the Edmonton region as compared to 

the Mississauga region, the first thing we needed to consider was machine requirements and 

limitations. Furthermore, due to the nature of the manufacturing line, we knew that the 

machines would be required to undergo several changeovers throughout the day which would 
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mean that there would be several times throughout the day where that machine would not be 

operating on a window and would instead be in the process of a set up change. 

We took these constraints into account and applied the following logic to our machine 

requirements analysis, which is outlined in Figure 3 below. 

First, we identified the steps at each machine station that could be identified as the machine 

cycle time. Next, we confirmed the daily available time at the facility. Third, we determined the 

daily time required for machine changeovers based an inputted “number of changeovers” 

assigned to each machine multiplied by the time it takes to perform a changeover for that 

specific machine. Fourth, we subtracted the “Changeover Time Required” from the “Time 

Available” and divided it by the “Machine Cycle Time” to get the maximum “Windows 

Produced per Machine per Day”. Finally, we calculated the “Machines Required to Satisfy 

Demand” by dividing the demand by the “Windows Produced per Machine per Day” and 

rounding the result up to the nearest integer. The results in the final column allow Company 

XXX to quickly identify the minimum number of machines they will require to meet their 

demand for the day. 

Employee Requirements – Edmonton Facility 

The next step in our methodology was to identify employee requirements. Because of the 

machine changeovers, a given employee’s Takt time can no longer be calculated by simply 

taking the Available Time/Demand. If we consider the machine changeover times to be 

planned downtimes, we can calculate an adjusted available time for our employees assigned to 

specific machines by deducting the downtimes from the initial daily available time. We can then 

Figure 3 
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use this Adjusted Available Time to calculate an adjusted Takt time for the corresponding 

employees.  

This process is outlined in Figure 4.  

Figure 4 

 

The first step in this process was to identified the changeover times for each specific machine as 

a summation of “value-added” and “non-value added” times as shown in the first three 

columns. Based off of the inputted number of changeovers for each machine, shown in the blue 

colored column, we calculated the total time spent on changeovers. The “Time Spent on 

Changeovers per Machine” column takes into account the number of machines that we 

determined in the previous section, by dividing the “Total Time Spent on Changeovers” by the 

number of machines required.  

In order to calculate the final adjusted Takt time for each machine we first subtracted the “Time 

Spent on Changeovers per Machine” from the “Available time”. We took this result and divided 

it by the corresponding demand for components. Finally we multiplied that result by the 

number of machines we had, as we assumed we would have at least one operator on each 

machine. This would provide us with the adjusted Takt time for any employee assigned to that 

machine.  

Once we had our “Adjusted Takt Time” for each station it became very easy to determine the 

labor requirements at each station. We took the “Total Process Time” per station and divided it 

by the “Adjusted Takt Time” for that station and rounded up the result. This is shown in Figure 
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5. It is important to note that this is the number of employees required per machine at each 

station, and to calculate the total number of employees you will need for the entire station you 

must multiply the number of employees required at a station per machine by the number of 

machines at the corresponding station.  

Figure 5 

 

Operational Planning Tool:  

Once we had set up the equations described earlier in the methodology we went on to create a 

user friendly operational planning tool that would allow managers to simply input a demand 

(divided into window and sash requirements), available time, and machine changeovers 

required. Then the tool, based on Visual Basic coding, would output the necessary machine and 

labor requirements to fulfill the demand. 

As seen in Figure 6, when the clients open Microsoft Excel, they are greeted with a user friendly 

screen to start using the Operational Planning tool.  

Figure 6 

 

To ensure simplicity, there are only two buttons. “Optimization Tool” will bring up a dialogue 

box to input the information for the tool to run. The second button, “Clear,” will clear the data 
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from the worksheet if the tool has already been used and a person would like to use it again 

with a different scenario. 

Once a person chooses the button “Optimization Tool” a dialogue box appears, as seen in 

Figure 7, with space to input the information that could change for the Edmonton facility.  

Figure 7 

 

With this dialogue box, the client has the ability to change the daily window demand, daily sash 

demand, daily time available, and the number of changeovers required per machine. It is 

important to note that the Optimization Tool will not calculate if a person leaves one of these 

values blank; however it will calculate if a person chooses the value of zero for any of the 

inputs. 

After the calculate button is presssed, Microsoft Excel takes less than a second to produce the 

output seen in Figure 8.  
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Figure 8 

 

From this output we can now move on to the next requirement of producing a line balance 

based on demand numbers and the number of changeovers. 
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Analysis 
 

For the analysis we used all of our previous work to run a specific scenario for Company XXX.  

Line Balance Analysis – Edmonton Facility  

The next step in our analysis was to perform another line balance analysis based on the 

expected demand at the Edmonton Facility. We were provided with the following scenario. 

 Expected Demand: 250 units 

 Expected Sash Demand: 400 units 

 Available time: 440 minutes 

 Number of Changeovers per day per machine: 10 

It is likely that the number of changeovers will vary from machine to machine. However, for 

this planning exercise we have assumed them all to be equal. 

We inputted these figures into our Operational Planning tool to determine the machine and 

labor requirements needed to satisfy the demand.  

Based on the output from the Operational Planning tool, we went on to perform a line balance 

utilizing our Employee Assignment tool developed through the Mississauga current state 

analysis. We took into account the adjusted Takt times calculated above and the adjusted 

standard work times that resulted from the incorporation of the sash demand into our model. 

We also introduced the idea of dynamic line balancing in the final assembly stage to our clients 

that would increase the flexibility of our system to respond to variability. 

Line Layout Analysis – Edmonton Facility  

Finally, we created a line layout, which focuses on minimizing potential areas for waste within 

the system based on the machine and labour requirements outputted from our Operational 

Planning tool.  
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Analysis Results 

Our analysis resulted in the following output from the Operational Planning tool.  

Figure 9 

 

Based on the given demands and necessary changeovers per machine, we were able to take the 

output from this information (seen in yellow) and assign employees to specific tasks, ensuring 

each employee was under the Takt times stated in the labour requirements section of the 

output. 

Figure 10 on the following page shows the employee task assignments for the above output.  
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Figure 10 

 

Worker
Total Assigment 

Time (mins)

A 1.01 1.03 1.04 1.05 1.06 1.39

B 1.01 1.03 1.04 1.05 1.06 1.39

C 1.01 1.03 1.04 1.05 1.06 1.39

D 2.01 2.03 0.75

E 3.02 3.03 3.04 3.05 1.29

F 3.02 3.03 3.04 3.05 1.29

G 4.01 4.03 4.04 4.05 0.81

H 4.01 4.03 4.04 4.05 0.81

I 4.01 4.03 4.04 4.05 0.81

J 5.02 5.03 5.04 5.05 0.86

K 5.02 5.03 5.04 5.05 0.86

L 5.02 5.03 5.04 5.05 0.86

M 6.01 6.03 6.04 6.05 6.06 6.07 1.03

N 6.01 6.03 6.04 6.05 6.06 6.07 1.03

O 6.01 6.03 6.04 6.05 6.06 6.07 1.03

P 7.01 7.03 7.04 7.05 7.06 7.07 1.54

Q 7.01 7.03 7.04 7.05 7.06 7.07 1.54

R 8.01 8.02 8.03 1.42

S 8.01 8.02 8.03 1.42

T 8.01 8.02 8.03 1.42

U 8.03 8.04 8.05 1.58

V 8.03 8.04 8.05 1.58

W 8.03 8.04 8.05 1.58

X 8.06 8.07 8.08 8.09 8.1 8.11 1.53

Y 8.06 8.07 8.08 8.09 8.1 8.11 1.53

Z 8.06 8.07 8.08 8.09 8.1 8.11 1.53

AA 8.11 8.12 8.13 8.14 8.15 1.58

BB 8.11 8.12 8.13 8.14 8.15 1.58

CC 8.11 8.12 8.13 8.14 8.15 1.58

DD 8.15 8.16 8.17 8.18 8.19 8.2 8.21 8.22 8.23 1.31

EE 8.15 8.16 8.17 8.18 8.19 8.2 8.21 8.22 8.23 1.31

FF 8.15 8.16 8.17 8.18 8.19 8.2 8.21 8.22 8.23 1.31

GG 8.23 8.24 8.25 8.26 8.27 1.50

HH 8.23 8.24 8.25 8.26 8.27 1.50

II 8.23 8.24 8.25 8.26 8.27 1.50

JJ 8.27 0.83

KK 8.27 0.83

LL 8.27 0.83

Sub Tasks
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There are a couple of important points that cannot go missed here. First is that for process four 

and six the output from the Operational Planning tool says we must have a minimum of two 

people at each machine and we are required to have two machines in order to meet demand. 

When looking further at the Takt time, we were able to determine that one employee would 

have been unable to complete the tasks by a difference of less than 0.7 minutes. Knowing that 

both machines required for these steps would be placed close to each other in the line layout, 

we were able to reduce the total workers for process four and six from four employees to only 

three. The third worker will easily be able to assist the other two stationed at each machine; this 

reduces the number of workers on the line and ensures minimal idle time for each worker. 

The next item to point out about the line balance is within the final assembly stage, which 

includes any task that starts with the number eight. We have balanced the line using 21 workers 

(as per the Operational Planning tool) and arranged them so that we can have three lines 

running the length of the shop. You will note that each set of employees are assigned a task that 

the previous worker has to complete as well. This is where the principles of dynamic line 

balancing are to be incorporated. The idea is that each employee is assigned “their tasks” and 

“shared tasks.” The shared tasks are to be completed if the worker has time. Meaning if I am 

worker GG, I will only complete task 8.23 if worker DD is falling behind or I have finished 

faster than anticipated. Still being worker GG, I will complete the tasks only assigned to me 

(8.24, 8.25, and 8.26) and then start task 8.27 if worker JJ is preoccupied, or pass the window to 

worker JJ to complete that task if they are idle. This is a new idea we are introducing to 

Company XXX and we are confident it will speed up the process of their line times. 

The graph in Figure 11 clearly illustrates the employee work times and how all employees are 

working roughly the same amount of time. We did not assign more tasks to some employees or 

assign one employee to two machines because although that would reduce the number of 

employees needed, it would have made the line slower because of increased non-value added 

time and the employee would have been overworked. 
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The final step of the analysis was to create a line layout for 

balance from the previous step and the output from the Operational Planning tool. First we 

determined the number of each machi

the floor in a pattern conducive to the Lean Manufacturing methods

Company XXX principles such as recycling all unused products.

placed, we situated the workers on the line according to the line balance. Our final line

can be seen in Figure 12.   

 
Resource Allocation and Line Layout for Window Manufacturing Facility 

Figure 11 

The final step of the analysis was to create a line layout for Company XXX using our line 

balance from the previous step and the output from the Operational Planning tool. First we 

determined the number of each machine required, from that we arranged the machines along 

the floor in a pattern conducive to the Lean Manufacturing methods, taking into consideration 

principles such as recycling all unused products. After the machines were 

on the line according to the line balance. Our final line

Figure 12 
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With this layout, we have reduced the space between machines which means employees will 

walk less to hand off the material for the next step. This will reduce the non-value added time 

for the overall line by a significant amount. There is also no large amount of unused space 

within the line. This aligns with Lean manufacturing principles as unused space creates room 

for employees to find something to set down in that area, or for product to build up, only 

because there is visible room for it to do so. 
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Sensitivity Analysis 
 

After our scenario analysis was complete we were able to perform sensitivity analysis on the 

inputs. We analyzed the number of machine changeovers required, the window demand, and 

the available time in a working day for the facility.  

With all other inputs remaining equal, additional machines will be required at the following 

machine changeover values: 

Machine 
Number of 
Changeovers 

Machines 
Required 

Number of 
Changeovers 

Machines 
Required 

SD8000 41 3 42 4 
Welding Frame 
and Jamb 

29 2 30 3 

SD7000 18 2 19 3 
Welding Sash 23 3 24 4 
Sash Corner 
Cleaner 

31 2 32 3 

Frame Corner 
Cleaner 

239 2 240 3 

 

The most sensitive machine to changeovers is the SD7000 saw needing an extra machine at 19 

changeovers in a day. The least sensitive machine is the frame corner cleaner not requiring an 

additional machine until 240 changeovers are requested (highly unlikely). 

The most sensitive input is demand. While the machine requirements are less likely to change 

because of fluctuations with demand, the labour required changes drastically. If window 

demand is 250 and sash demand is 400 there are twenty-one minimum workers required for 

final assembly. When that is increased to 300 window demand and sash demand remains at 

400, twenty-three workers are required for the final assembly process. When demand is reduced 

by the same amount (200 window demand and 400 sash demand), only eighteen workers are 

required in final assembly. Due to the nature of final assembly, it appears to be the most 

sensitive output, always reacting to minor changes in demand. 
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The final input we analyzed was the available time of workers. As the factory currently runs 

two shifts on a daily basis, it would not be unreasonable for them to increase the available time 

by adding one extra shift (220 minutes). When everything else remains the same, this increase in 

available time results in a drastic decrease in required workers (only fourteen for final 

assembly) and the machine requirements are reduced slightly as well. However, it would be a 

bleak outlook if the available time was reduced to by 220 minutes. If this was the case, machine 

and labour requirements steeply rise in order to meet demand; final assembly would now 

require forty-one workers and six sash welding machines are required (compared with three).  

There are numerous combinations of inputs and Company XXX will have to take the variability 

of the model into consideration prior to implementing the line in the Edmonton facility. 

Risks 

The potential drawback in the recommendation involves implementing the dynamic line 

balancing. It is important for Company XXX to ensure that the employees are well trained and 

understand the purpose of the shared tasks. The reason we are recommending dynamic line 

balancing is to reduce the variability in the final assembly process. Because all the employees 

have a different total assignment time there is inevitably going to be variability in the process. 

Dynamic line balancing is designed to eliminate the variability between workers and ensure the 

product continues to flow along the production line. If employees do not understand the 

purpose behind the dynamic line balancing they will be less likely to ensure the system is 

working properly. Some employees may become lazy and slow down intentionally, because 

they know the next person will complete the shared task. The other risk associated with 

dynamic line balancing is if multiple windows pile up for a specific worker they are more likely 

to be discouraged and work slower because they cannot see the difference their input makes to 

the overall process. Company XXX already mitigates this risk by only allowing workers to be 

ahead by a certain number of windows at any given time. We just felt it was necessary to 

reiterate this risk as it applies to our recommendation for the final assembly process. 
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Detailed Deliverables and Benefits 
 

After our analysis was complete we were able to provide Company XXX with the number of 

machines necessary, the number of workers necessary, a line balance of the workers, and a line 

layout for the facility based on the numbers they provided us with. However, the deliverables 

go beyond the one-time analysis. We were able to provide the client with two extremely useful 

tools which they can use at their leisure, allowing them to utilize what we have created in the 

future if demand changes or available time is increased. The benefit to this is that the clients are 

able to take something away from this experience that is ready for them to use. They do not 

have to modify these items as they are already tailored for the needs and constraints of their 

facility.  

Referring back to our solution criteria determined at the start of the project we have clearly met 

or exceeded every single one of our requirements. 

Elimination of “Muda” - Waste 

Motion Line layout is streamlined and reduces the space between stations 
ensuring minimal time is spent walking. 

Transportation Line layout and resource allocation does reduce unnecessary 
movement of product. 

Waiting All machines are required in order to meet demand of product 
therefore machinery is fully occupied. Workers are assigned tasks 
based on machinery requirements therefore labour is occupied; 
product is constantly progressing through the line and stays occupied 
the entire way. 

Overproduction As machine changeovers were built into our solution we have nearly 
eliminated the need for batches. Some batches are still necessary due 
to the variety of accessories available with the product. 

Processing Time Non-value added time is minimized or eliminated wherever possible. 
Defects Our line layout and resource allocation emphasizes one-piece flow 

production and standard work procedures, which decreases the 
likelihood of defective products. 

Inventory Manufacturing line layout ensures that ‘work-in-progress’ is 
minimized as much as possible. 
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Standard Work 

Standardized 
Operations 

Assignments of tasks focus on the process and are standardized. 

 

One-Piece Flow 

Pull Manufacturing Batching is eliminated as much as possible and only orders requested 
today will be produced today. 

 

Other Requirements 

Facility-Consistent 
Layout 

Our line layout is long and narrow, rather than short and wide. This 
allows the line to easily fit into our client’s manufacturing facility. As 
well, considerations are made for recycling bins and other production 
requirements. 

Sensitivity Analysis A sensitivity analysis is provided for our final recommendation.  
Realistic and 
Adaptable 

Overall, our final recommendations and deliverables are realistic and 
useful.  
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Conclusions 
 

Company XXX approached us to perform the initial analysis for the integration of a new 

product line into their Edmonton manufacturing facility. They are currently producing this 

product at their Mississauga facility and have witnessed several inefficiencies in that process 

that they are seeking to reduce as they make the transition out West, where the demand is 

expected to be 8 -10 times its current level. Company XXX operates in a Lean environment and 

therefore our analysis was required to remain within the principles associated to a Lean 

manufacturing facility. 

We set out to do our analysis in two major steps. The first was to evaluate the current state of 

operations as they are in the Mississauga region by performing a line balance based on the 

current demand figures and a waste analysis on the current line layout. The second section of 

our analysis was to perform some initial analysis on the future state of operations, as they 

would be at the Edmonton facility. In order to aid in our analysis we developed two Excel based 

tools that we will pass on to our clients that can be used on a day-to-day basis to perform their 

operational planning. The first tool is an employee task assignment tool and the second is an 

operational resource planning tool. Once we had these tools set up, our clients provided us with 

a scenario to analyze. We were to determine a recommended line layout and employee 

assignment based on the demand they expected. Finally we performed some sensitivity and risk 

analysis on our proposed implementation plan. 

We would also like to note that the tools we have provided our clients with are adaptable and 

can be applied to further analysis if the client so chooses. The “Employee Assignment Tool” will 

help managers assign employees to tasks and immediately verify that their manufacturing line 

is balanced correctly. The “Operational Planning Tool” will not only be useful in determining 

your machine requirements for one demand scenario at a time, but this tool can easily be 

translated into cost analysis for machinery and labor. It is also set up in a way that once our 

client has a firmer grasp on the expected demand in the Edmonton region, they can easily 

perform a simulation based on varying demand inputs to perform a tradeoff analysis between 

capital expenditure and lost sales. 
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In conclusion, as our clients move forward with the implementation of the window, we feel the 

analysis we have provided them will definitely aid in reducing the inefficiencies they are 

currently witnessing at the Mississauga facility and the tools we have provided them with will 

prove useful throughout the implementation and operations of the window line. 
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Appendix A – Input Data 
 

 

 

PROCESS AREA
STEP 

NO.
STEP DETAIL

AVERAGE NON-VALUE 

ADDED TIME

AVERAGE VALUE-ADDED 

TIME
TASK TIME

1.01 1 SAW - SD8000 1 Load Material 0.00 1.00 1.00

1.02 1 SAW - SD8000 2 Saw Setup 0.08 3.00 3.08

1.03 1 SAW - SD8000 3 Cut 1 Jamb Pair 0.00 0.75 0.75

1.04 1 SAW - SD8000 4 Cut 1 Sill/Header Pair 0.00 2.00 2.00

1.05 1 SAW - SD8000 5 Measure Finish Length - Jambs 0.08 0.17 0.25

1.06 1 SAW - SD8000 6 Measure Finish Length - Sill/Header 0.00 0.17 0.17

2.01 2. SAW - BRICKMOULD 1 Get material 0.00 0.25 0.25

2.02 2. SAW - BRICKMOULD 2 Change size 0.00 0.25 0.25

2.03 2. SAW - BRICKMOULD 3 Cut material 0.00 0.50 0.50

3.01 3. WELDING 1 Tool Change 0.00 4.00 4.00

3.02 3. WELDING 2 Machine Setup 0.00 0.75 0.75

3.03 3. WELDING 3 Load Components 0.00 0.50 0.50

3.04 3. WELDING 4 Weld Components 0.00 0.75 0.75

3.05 3. WELDING 5 Cure Time 0.00 0.58 0.58

4.01 4. SAW - SD7000 1 Load Material 0.08 1.00 1.08

4.02 4. SAW - SD7000 2 Saw Setup 0.00 3.00 3.00

4.03 4. SAW - SD7000 3 Cut Sash Components for 1 Sash 0.08 0.75 0.83

4.04 4. SAW - SD7000 4 Measure Finished Length 0.00 0.33 0.33

4.05 4. SAW - SD7000 5 Place Labels 0.00 0.17 0.17

5.01 5. WELDING - Sash 1 Tool Change 0.00 4.00 4.00

5.02 5. WELDING - Sash 2 Machine Setup 0.00 0.75 0.75

5.03 5. WELDING - Sash 3 Load Components 0.00 0.50 0.50

5.04 5. WELDING - Sash 4 Weld Components 0.00 0.75 0.75

5.05 5. WELDING - Sash 5 Cure Time 0.00 0.58 0.58

6.01 6. CORNER CLEANING Sash 1 Grab Frame 0.50 0.00 0.50

6.02 6. CORNER CLEANING Sash 2 Machine Setup 0.00 0.75 0.75

6.03 6. CORNER CLEANING Sash 3 Load Frame 0.00 0.50 0.50

6.04 6. CORNER CLEANING Sash 4 Corner Clean 2 Corners 0.00 0.67 0.67

6.05 6. CORNER CLEANING Sash 5 Rotate and Load Frame 0.00 0.25 0.25

6.06 6. CORNER CLEANING Sash 6 Corner Clean 2 Corners 0.00 0.67 0.67

6.07 6. CORNER CLEANING Sash 7 Pass Off Frame 0.50 0.00 0.50

7.01 7. CORNER CLEANING Frame 1 Grab Frame 0.50 0.00 0.50

7.02 7. CORNER CLEANING Frame 2 Machine Setup 0.00 0.75 0.75

7.03 7. CORNER CLEANING Frame 3 Load Frame 0.00 0.50 0.50

7.04 7. CORNER CLEANING Frame 4 Corner Clean 2 Corners 0.00 0.67 0.67

7.05 7. CORNER CLEANING Frame 5 Rotate and Load Frame 0.00 0.25 0.25

7.06 7. CORNER CLEANING Frame 6 Corner Clean 2 Corners 0.00 0.67 0.67

7.07 7. CORNER CLEANING Frame 7 Pass Off Frame 0.50 0.00 0.50

8.01 8. FINAL ASSEMBLY 1 Manual Corner Clean with Chisel 0.00 2.00 2.00

8.02 8. FINAL ASSEMBLY 2 Touch up Corners with Paint 0.00 1.50 1.50

8.03 8. FINAL ASSEMBLY 3 Apply Gasket and Tape to Mullion 0.00 1.50 1.50

8.04 8. FINAL ASSEMBLY 4 Measure and Centre Mullion 0.00 2.00 2.00

8.05 8. FINAL ASSEMBLY 5 Drill Hole for Mullion Screw 0.00 2.00 2.00

8.06 8. FINAL ASSEMBLY 6 Install Mullion Clip Screws 0.00 0.17 0.17

8.07 8. FINAL ASSEMBLY 7 Intall Mullion Screw 0.00 0.17 0.17

8.08 8. FINAL ASSEMBLY 8 Drill Holes for Mullion Clip Rivets 0.00 0.50 0.50

8.09 8. FINAL ASSEMBLY 9 Rivet Mullion to Frame 0.00 0.50 0.50

8.1 8. FINAL ASSEMBLY 10 Cut Weather Strip Gasket 0.25 1.00 1.25

8.11 8. FINAL ASSEMBLY 11 Install Weather Strip Gasket 0.00 4.00 4.00

8.12 8. FINAL ASSEMBLY 12 Drill Reinforcing for Sash Clips 0.00 1.00 1.00

8.13 8. FINAL ASSEMBLY 13 Install Sash Clip 0.00 1.00 1.00

8.14 8. FINAL ASSEMBLY 14 Rivet Sash Track to Frame 0.00 0.50 0.50

8.15 8. FINAL ASSEMBLY 15 Install Rotogear Operator 0.00 0.50 0.50

8.16 8. FINAL ASSEMBLY 16 Install Sash Clips 0.00 0.50 0.50

8.17 8. FINAL ASSEMBLY 17 Drill Closure Ramp Location 0.00 0.25 0.25

8.18 8. FINAL ASSEMBLY 18 Rivet Closure Ramp 0.00 0.08 0.08

8.19 8. FINAL ASSEMBLY 19 Rivet Snubber 0.00 0.50 0.50

8.2 8. FINAL ASSEMBLY 20 Install Handle Tie and Bar Connector 0.50 0.75 1.25
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PROCESS AREA
STEP 

NO.
STEP DETAIL

AVERAGE NON-VALUE 

ADDED TIME

AVERAGE VALUE-ADDED 

TIME
TASK TIME

8.21 8. FINAL ASSEMBLY 21 Install Tie Bar Assembly 0.00 0.33 0.33

8.22 8. FINAL ASSEMBLY 22 Drill Tie Bar Assembly on Mullion 0.00 0.50 0.50

8.23 8. FINAL ASSEMBLY 23 Rivet Tie Bar Assembly to Mullion 0.00 0.50 0.50

8.24 8. FINAL ASSEMBLY 24 Install Active Sash 0.00 0.50 0.50

8.25 8. FINAL ASSEMBLY 25 Measure Fixed Sash Screw Location 0.00 1.00 1.00

8.26 8. FINAL ASSEMBLY 26 Install Fixed Sash 0.00 0.25 0.25

8.27 8. FINAL ASSEMBLY 27 Clamp and Screw Fixed Sash 0.00 5.00 5.00

9.01 9. GLAZING 1 Get window 0.00 0.00 0.00

9.02 9. GLAZING 2 Set block 0.00 0.00 0.00

9.03 9. GLAZING 3 Get glass, put it in 0.00 0.00 0.00

9.04 9. GLAZING 4 Silicon on the bottom 0.00 0.00 0.00

9.05 9. GLAZING 5 Get glazing stop 0.00 0.00 0.00

9.06 9. GLAZING 6 Install glazing stop 0.00 0.00 0.00

9.07 9. GLAZING 7 Label AWW and Low-E 0.00 0.00 0.00

9.08 9. GLAZING 8 Intall screen adaptor 0.00 0.00 0.00

9.09 9. GLAZING 9 Get screen 0.00 0.00 0.00

9.1 9. GLAZING 10 Install screen 0.00 0.00 0.00

AVG NON-VALUE ADDED TIME AVG VALUE-ADDED TIME TASK TIME

1 SAW - SD8000 0.17 7.08 7.25

2. SAW - BRICKMOULD 0 1 1

3. WELDING 0 6.583333333 6.583333333

4. SAW - SD7000 0.166666667 5.25 5.416666667

5. WELDING - SASH 0 6.583333333 6.583333333

6. CORNER CLEANING Sash 1 2.833333333 3.833333333

7. CORNER CLEANING Frame 1 2.833333333 3.833333333

8. FINAL ASSEMBLY 0.75 28.5 29.25

9. GLAZING 0 0 0

0 0 0
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