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Abstract 
 
 
Manufacturing analysis using computer flow simulation has been applied successfully in pilot projects to 
several Alberta value-added wood products companies in the sectors of re-manufacturing and furniture 
manufacturing.  This project continues these pilot projects examining the application and potential benefit 
in manufactured/prefab homes.  An Alberta manufactured/prefab home manufacturer was selected for this 
project. The wall-line was chosen for this study.  The study was accomplished through detailed 
observations and data collection, which identified several bottlenecks that included the framing table, 
squaring table and the linear configuration of the line.  From observations, the squaring table was labour 
intensive and the material handling equipment was quite slow.  At the framing table, the stud grade being 
used contained many twisted and bowed boards, which required additional time to align and fasten the 
studs.  Lastly, the single-line configuration created bottlenecks during the transition from sheathed and 
unsheathed products.   From observations and discussions with staff, potential improvement scenarios 
were developed.  Simulation models were developed for each of these scenarios to evaluate their 
effectiveness and return on investment.  The scenarios examined were: affect of panel sheathing ratio, 
improving efficiency at the squaring table, improving efficiency at the framing table, addition of a 
branch-line for unsheathed products and the addition of the branch-line in combination with increased 
efficiency at the framing table.  The implementation of pre-cut OSB panels was simulated reduce 
processing times at the squaring table by 30-percent, which increases throughput by 15%.  The addition of 
a branch-line for unsheathed products showed a potential production increase of 10.8-percent.  However, 
the simulation models also showed that the framing table could not maintain a consistent supply to the 
squaring table.  The use of a higher stud grade was modelled showing a potential production improvement 
of 17.5-percent.  As a result, the potential benefits in this particular wood products business demonstrates 
that computer flow simulations can be applied to Manufactured/Prefab Home manufacturers and may 
potentially have further implications in other similar Alberta value-added industries. 
 
 



 

 
 
 

 iii

Acknowledgements 
 
 
The authors of this report and the project proponents would like to acknowledge the financial support of 
the Alberta Science and Research Authority, which made this project possible.  They would also like to 
thank the building systems component manufacturer and their staff for their participation and cooperation. 
 



 

 
 
 

 iv

Table of Contents 

1 Objectives ...............................................................................................................................................................1 

2 Introduction .............................................................................................................................................................1 

3 Background.............................................................................................................................................................1 

4 Staff ........................................................................................................................................................................2 

5 Materials and Methods............................................................................................................................................2 
5.1. Production Analysis....................................................................................................................................2 
5.2. Process Simulation ....................................................................................................................................3 
5.3. Limitations and Assumptions .....................................................................................................................5 

6 Production Study — Wall Component Manufacturer ................................................................................................5 
6.1. Data Collection...........................................................................................................................................5 
6.2. Wall Line Description .................................................................................................................................5 
6.3. Observations and Results ..........................................................................................................................7 

6.3.1. Order File and Material Picking ................................................................................................10 
6.3.2. Optimized Chop-Saw ...............................................................................................................10 
6.3.3. Rough Assembly Station ..........................................................................................................10 
6.3.4. Pre-Assembly Station...............................................................................................................12 
6.3.5. Framing Table ..........................................................................................................................12 
6.3.6. Squaring Table .........................................................................................................................12 
6.3.7. Sheathing Nailer.......................................................................................................................13 
6.3.8. Finishing, Quality Control and Bundling ...................................................................................14 

7 Process Simulation ...............................................................................................................................................14 
7.1. Simulation Model .....................................................................................................................................15 
7.2. Sensitivity Analysis...................................................................................................................................18 

7.2.1. Effect of the percentage of sheathed panels on production .....................................................18 
7.2.2. Squaring Table Efficiency.........................................................................................................19 
7.2.3. Framing Table Efficiency..........................................................................................................21 

7.3. What-if Analysis .......................................................................................................................................23 
7.3.1. Branch Line for Unsheathed Panels.........................................................................................23 
7.3.2. Branch Line with Improved Framing Table Efficiency ..............................................................25 

7.4. Return on Investment...............................................................................................................................25 

8 Conclusions and Recommendations ....................................................................................................................26 

9 References ...........................................................................................................................................................27 

Appendix I  Production Study Results..........................................................................................................................28 
 
 
 
 
 



 

 
 
 

 v

List of Figures 
 
Figure 1 Simulation development process flowchart ............................................................................... 4 
Figure 2 Plant Layout (Wall Line Portion).............................................................................................. 6 
Figure 3 Wall Line Flowchart.................................................................................................................. 7 
Figure 4  Daily production as a function of staffing levels....................................................................... 9 
Figure 5 Daily production per man-hour at various staffing levels ........................................................ 9 
Figure 6 Typical wall assembly showing the various components ........................................................ 11 
Figure 7 Rough and pre-assembly stations............................................................................................ 11 
Figure 8 Detail of transfer area of accumulation line ........................................................................... 13 
Figure 9 Sheathing Nailer viewed from infeed ...................................................................................... 14 
Figure 10 Wall Line Simulation Model.................................................................................................... 16 
Figure 11 Daily production as a function of sheathed panels ................................................................. 18 
Figure 12 Effect of sheathing ratio on squaring table and framing table utilization .............................. 19 
Figure 13 Effect of squaring table work time on average daily production ............................................ 20 
Figure 14 Work centre utilization as a function of squaring table work time changes ........................... 20 
Figure 15 Daily production increase from reduced squaring table cycle-time ....................................... 22 
Figure 16 Effect of reduced squaring table cycle-time on work-centre waiting time .............................. 22 
Figure 17 Effect of squaring station cycle-time on work-centre blockages ............................................. 23 
Figure 18 Simulation model with unsheathed panel branch line............................................................. 24 
 

List of Tables 

 
Table 1 Production Numbers for January 29th to January 31st, 2008 .................................................... 8 
Table 2 Typical Staffing levels for the Wall Line ................................................................................... 8 
Table 3 Work item (wall panel) distributions....................................................................................... 17 
Table 4 Comparison of Actual and Predicted Wall Line Production................................................... 17 
Table 5 Results of unsheathed panel branch line ................................................................................. 25 
Table 6 Results of unsheathed panel branch line with increased framing table efficiency.................. 25 
Table 7 Potential ROI and payback (based on 50% annual yield) ...................................................... 26 
 
 
 
 



1 

 
 

1 Objectives 
 
The long-term goal of this research is to improve the competitiveness of the value-added wood industry in 
Alberta.  The specific objectives of this project are: 
 

• Examine the application of flow simulation to the Manufactured Home sector of the value-added 
wood industry 

• Demonstrate the potential benefits of flow simulation to this component of the industry 
• Develop additional manufacturing simulation modules adaptable to Alberta value-added 

businesses. 
 
 

2 Introduction 
 
Computer flow simulation has shown substantial utility and payback when applied to Alberta value-added 
wood industries such as remanufacturing, furniture and windows.  Process simulation has demonstrated 
that a return on investment of up to 7:1 or more can be achieved when the results of the simulation are 
implemented.   
 
Unfortunately, some sectors in the value-added wood industry remain unconvinced of the utility of 
simulation. Scepticism of flow simulation stems from the recognition that the remanufacturing, furniture 
and windows sectors have higher volumes and order sizes and shorter production times than that found in 
other segments of the industry.  In the Manufactured/Prefab Home industry, production times are longer 
and product volumes and order sizes are smaller.  This project examines and demonstrates the application 
of flow simulation in the Manufactured Homes sector of the industry.   
 
The company that agreed to participate in this project is a larger Manufactured/Prefab Home component 
manufacturer located near Calgary, Alberta.  Products produced in their large 100,000 square foot 
manufacturing facility includes trusses, pre-fabricated stair assemblies, panelized walls and manufactured 
wood floor systems.  For this project, the wall line was analysed and modeled. 
 
 

3 Background 
With construction practices trending towards prefabricated, modular and panelized systems, the 
opportunities for producing prefabricated building systems is growing rapidly. Unfortunately, it appears 
that the adoption of this technology, particularly in light of the industry’s conservative attitudes towards 
new technologies and products, will take time and will require a multi-faceted approach that involves new 
technical information coupled with demonstrational activities.  
 
A previous examination of prefabricated vs. stick framed construction completed through the Forintek-
Alberta Alliance (ASRD), showed that the time required to build the prefab unit was 39.5% less than the 
stick framed unit. The amount of site waste for prefab unit was lowered by 54.62% for lumber and by 
59.67% for sheathing.  For the Alberta home building construction industry, the benefit of this 
information can translate to an increase in the number of units constructed (since the time needed to 
construct a prefab unit is less) and lower waste disposal costs to name a few. 
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4 Staff 
John White, Dipl. Electronics Technology Project Leader 

Senior Engineering Technologist 

Darrell Wong, Ph.D. Group Leader, Manufacturing Department 

Brian Jung, M.Sc. Mfg Analyst and Simulation Programmer, 
Manufacturing Department 

Dalibor Houdek, Dipl. E.E.T. Industrial Advisor, Secondary Mfg Department 

Shayne Davis Industrial Advisor, Secondary Mfg Department 
 
 

5 Materials and Methods 
Examining the application of flow simulation and demonstrating the potential benefits to the 
Manufactured Home sector of the value-added wood industry will require three steps. 
 
The first step is to conduct a production analysis of a Manufactured/Prefab Home component 
manufacturer’s production line.  The objective of this step is to identify problem areas, such as 
bottlenecks, that negatively impact production efficiency and to collect timing and production data for 
analysis and simulation. 
 
The second step is to develop simulation modules that can be used to model the production line.  The 
objective here is to develop a tool whereby what-if and sensitivity analyses can be conducted.  A 
secondary wood product manufacturing line is complex system composed of many dependant processes 
and as such, a change in any one area generally has effects in many other parts of the line, enhancing or 
limiting the anticipated performance improvements.  Generally, a change in one area will shift the 
problem to another area.  A simulation model allows these interdependencies to be identified and for a 
global and more complete approach to be taken to resolving production inefficiencies.  It also allows 
improvements to be tested and verified without disturbing production. 
 
The third step is a value analysis to identify the cost, value and potential return on investment of proposed 
improvements.  The objective of this step is to identify the improvements that have the maximum return, 
determine the increase in production efficiency and output and finally, the increase in saleable products.  
 
5.1. Production Analysis 
The production analysis is conducted using established industrial engineering principles.  Historical and 
organizational information is collected from the company including: 

• Plant layout drawing and dimensions 
• Production process flow and breakout and recovery information 
• Product specifications and data 
• Machine specifications 
• Production output summaries by day, month and year where appropriate 
• Staff numbers, training and skill level 
• Typical production operational procedure 
• Recognized production problems, bottlenecks and causes of downtime 
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An in-plant production study is also conducted.  These use typical time and motion work sampling and 
analysis techniques.  The objective of a time study is to measure and analyze the amount of time required 
for a person or machine to complete a task.  The motion study, on the other hand, maps and analyzes the 
motion and steps required for a person or machine to complete a task.  Information is gathered using 
observation, work/process mapping and stopwatch time studies as well as video data collection, which 
can be analyzed in detail at a later time. 
 
For individual processes in a production line or plant, the production analysis follows five basic steps.  
These are 1) analysis of present methods, 2) analysis of the process effectiveness on a batch or order, 3) 
identification of inefficiencies, 4) identification of improvements and 5) developing a new work and/or 
production method. A key focus of the production analysis is to identify potential problems such as 
downtime and problem areas, such as bottlenecks, underutilized resources, process inefficiencies and 
process flow conflicts. 
 
 
5.2. Process Simulation 
Simulation is an engineering and scientific methodology whereby the production line and processes are 
represented by mathematical relationships and statistical probabilities that, when functioning accurately, 
mimic the process behaviour.  It is useful for analyzing production flow, buffers and the interaction 
between processes in significant detail.  When the model has been verified to represent the manufacturing 
processes, small adjustments can be made to determine which factors have the most significant effect on 
the production output and efficiency.  This is referred to as “sensitivity” analysis.  Large adjustments can 
also be made to determine the effect of capital expenditures or line configuration/operational changes.  
This is referred to as “what-if” analysis.  This analysis does not suggest that one option is better than 
another.  Re-applying the model to examine many scenarios and relying on the experience and knowledge 
of the system user, to analyze the large array of outputs, allows this determination to be made.   A major 
benefit of simulation is that complex systems can be represented in a straightforward manner and major 
changes can be modelled and studied with relatively ease and at low cost.  
 
Computer simulation of the wall line manufacturing processes was carried out using SIMUL8 2007 
simulation software.  This software is designed mainly for industrial use and not for theoretical simulation 
research. 
  
For individual processes in a production line or plant, the simulation process follows seven basic steps.  
These are 1) analysis of the present methods, 2) generating simulation modules, 3) analysis of the 
production line or plant effectiveness over a day, week and year, 4) identification of inefficiencies, 5) 
identification of improvements, 6) developing models of the improvements and finally, 7) developing a 
improved work / production method.  A comparison of the production analysis and simulation steps 
shows that they are similar and as a result, complement each other.  The simulation model allows 
production inefficiencies and improvements to be tested, tried and proven, without any effect to the 
plant’s production.   
 
Step 2, the generation of the simulation model, was conducted using established engineering practices.  
Figure 1 shows a flowchart of the typical model development process.   There are three key model-
building phases that continually use this development process.  Phase one is the construction of the 
model, based on plant drawings and process flow information.  The information collected from the in-
plant production study is entered into the model at this time.  Once complete, the model is run and it is 
determined, solely from observation, whether the model reflects the operation of the plant.  Modifications 
are made until the model operation is appropriate.  Phase two is validation of the model.  The model is run 
using selected production scenarios to output daily, weekly, monthly and annual production summaries.  
These are then compared to the historical data collected from the company.  The model is modified until 
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it closely reflects the actual operation of the plant.  Phase three in the model development process is 
verification.  This is the process of changing the production scenarios to new and untried configurations 
and ensuring that the behaviour of the model is realistic and reflects that of the plant. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 Simulation development process flowchart 
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5.3. Limitations and Assumptions 
 
While the simulation model produced is a relatively accurate depiction of the manufactured homes 
facility’s production line, it is important to mention that there are some limitations to this study.  The 
model was developed from a limited amount of data and while it portrays the average case, it is difficult 
to simulate all of the unusual circumstances that do occur from time to time.  As well, it is based off a 
number of assumptions* that may or may not accurately depict the real situation.  These assumptions are: 
 

• Input and output data are as accurate as the information supplied; 
• The times and feed speeds for the base case model were based on the data gathered during the 

three days the plant was visited, along with information gathered from the manufacturer’s 
staff; 

• The one occurrence of excessive downtime observed at the rough assembly station was not 
included into the simulation model, as this would have severely affected the model; 

• Production benchmarks are representative of typical production output; 
• Key factors affecting production have been accurately modeled with appropriate variability; 
• Flow of raw materials and finished goods in-and-out of the plant does not constrain the 

operation; 
• Conveyor and machine speeds are constant 
• Operation of all machines was based on a full compliment of staff; 
• Raw materials are assumed to be in unlimited supply to production lines; 

 

*These limitations should be considered when evaluating the results. 
 
 

6 Production Study – Wall Component Manufacturer 
6.1. Data Collection 
Two separate visits were made to the manufacturing plant to collect information on the wall production 
line.  Initially, all the team members visited the site to become familiar with the process and to meet with 
key company personnel.  A second trip was then coordinated with the plant to collect production and 
timing data.  Three Forintek employees were onsite for three days for this portion of the data collection. 
During this time, seven hours of video was also recorded.   
 
6.2. Wall Line Description 
The wall line portion of the manufacturing plant is shown in Figure 2.  Wall assemblies are produced in 
various widths and heights depending on the customer’s requirements and include such items as sheathing 
and window and door openings.  Typical components include top and bottom plates, very top plate, 
common studs, corners, cripples, headers, sills, header and sill spacers and “ladder blocks”. The ranges of 
wall sizes for this line range from a minimum height of approximately 5ft to a maximum of 11ft-9in. and 
a length of up to 16 ft. 
 
Orders are produced by bundle, consisting of typically 6 to 10 walls, with the bottom wall in the bundle 
being produced first.  To ensure that the correct walls are in each bundle, the production line follows a 
very linear path, with all wall configurations passing through each workstation. The product flow is 
shown in Figure 3.  
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Figure 2 Plant Layout (Wall Line Portion) 
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Figure 3 Wall Line Flowchart 

 
6.3. Observations and Results 
During the production study, the line was producing a moderately sized order for two-story six-plex 
housing units.  A summary of the study results is included in Appendix 1. Production over this three-day 
period was higher than the daily average over the previous year as shown in Table 1.  In fact, the 
production figure of 732 linear ft/day was the highest single day production achieved over the previous 
12-month period.  This indicates that the production study data is atypical.  Had the on-site data collection 
occurred over a longer period of time it is likely that the production would have come down to a more 
normal level as the workers became accustom to the study team. 
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Table 1 Production Numbers for January 29th to January 31st, 2008 

Date 
Shift 

Hours 

Available 
Shift 
hours 

Number 
of 

Workers 

Total 
Man 

Hours 
Total L/F 

Built 

L/F Per 
Shift 
hour 

L/F Per 
Man hour 

29-Jan-08 8-3:30 7.5 7 52.5 539 71.87 10.27 
30-Jan-08 6-2:30 8 8 64 607 75.88 9.48 
31-Jan-08 6-2:30 8 8 64 732 91.50 11.44 
Average     626.0 79.7 10.4 
Std. Dev.    97.9 10.4 1.0 
Year Prior        
Average     451.7 52.54 7.52 
Std. Dev.     97.8 11.82 1.69 
 
Staffing for the line typically consists of 8 workers which includes a shift supervisor however, the line can 
operate with as few as 4 workers and as many as 11.  Table 2 shows the manpower allocation for the 
various machine centres.   

Table 2 Typical Staffing levels for the Wall Line 

 

Workstation/Task Number of 
Workers 

Rough Component Fabrication 1 
Pre-Assembly 1 
Framing Table 2 
Squaring Table Sheathing Station 2 
Sheathing Nailer, QC Inspection, Bundling and Labelling 1 
Total 8 

 
Daily production expressed as linear feet of wall per day as a function of the number of line workers is 
shown in Figure 4.  Average production increases linearly with increased workers however, there is a very 
large standard deviation between day-to-day production levels.  This could be due to a variety of factors 
such as downtime, differing worker skill levels, and differences in the walls being produced.  Overall line 
production could be increased by a significant amount by identifying and mitigating inefficiencies on the 
line.  Some of these issues are identified in the following sections. 
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Figure 4  Daily production as a function of staffing levels 

When looking at production by man/hour as a function of staffing levels (Figure 5), adding workers 
increases production but there are diminishing returns, as it appears that production gains decrease as 
staffing levels increase.  This is not unexpected as production is limited in part by production equipment. 
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Figure 5 Daily production per man-hour at various staffing levels 

 
Specific observations and results for the different workstations and processes shown in Figure 3 are 
discussed in the following sections. 
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6.3.1. Order File and Material Picking 
 
Orders files are issued from the front office and the material is picked from inventory by a yard worker, 
who supplies material for all of the lines. Material for the wall line is placed on a transfer roller that feeds 
the optimized chop-saw.  The production study excluded this portion of the process and it is assumed not 
to be a limiting factor. 
 
 
6.3.2. Optimized Chop-Saw 

The Humdegger optimized chop-saw, located nearby, cuts all the main components for each wall in 
batches in addition to cutting components for the stair and truss lines.  This saw operated with sufficient 
speed to easily keep ahead of wall line production. As the saw is not dedicated to the wall line, it is 
considered a separate machine centre.  The batches of parts are then loaded onto carts for transport to the 
wall line.  Plates are moved to the framing table while the other custom length components are moved to 
the rough-framing table. 
 
Parts cut by the saw are inkjet labelled with stud locations and part numbers.  The line supervisor labels 
the top plate (or very top plate) with the wall number.  It would be worth investigating whether the 
Humdegger could be programmed to automatically label the top plates in large font when marking the 
stud locations, reducing the workload on the supervisor and reducing the possibility of labelling errors. 
 
6.3.3. Rough Assembly Station 

Once the parts for the order have been cut by the chop-saw, the custom pieces are transported by cart to 
the rough assembly station where parts such as corners, cripples, headers and ladders are assembled.  A 
typical wall is shown in Figure 6.  The workers at this station manually cut a few parts such as blocks, 
which are recovered from fall-down.  Typically, two workers man this station: the rough-assembler and 
his helper.  They appear not to be fully utilized and the helper will occasionally assist the pre-assembler. 
 
With the current station configuration, parts are pulled from the cart and are turned 90 degrees when 
being placed on the table.  The parts are assembled as per the attached drawings, and then the assembled 
pieces are pushed further onto the assembly table. 
 
During the production analysis, on one occasion, a two-piece component was assembled incorrectly with 
the mistake being detected after numerous nails had been driven in with a nailing gun.  Rather than go and 
cut new pieces, the workers spent more than 15 minutes trying to separate the two pieces with hammers 
and wedges.  While this was taking place, workers down the line were idled.  New pieces could have been 
cut, nailed and the stud locations remarked (if required) much more quickly. 
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Figure 6 Typical wall assembly showing the various components 

 

 
Figure 7 Rough and pre-assembly stations 
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6.3.4. Pre-Assembly Station 

The pre-assembler pulls the wall parts off the rough assembly station table and moves them onto skate 
rollers.  Due to the fact that the parts on the rough assembly table were turned with respect to the line 
flow, the Pre-assembler must rotate the pieces to place them on the rollers that feed the pre-assembly 
station.  The worker then adds all the common studs required for the wall assembly.  Common studs are 
visually graded before they are placed on the line.  Any openings in the wall are then assembled before 
transferring to the framing table. 
 
It should be noted that the worker at the pre-assembly station was consistently busy while the study was 
taking place although he did not appear to be a bottleneck.  Workflow between the rough assembly station 
and the pre-assembly station should be reviewed to determine whether each wall piece should be turned at 
each of the work stations or if keeping the pieces perpendicular to the line would be more efficient.   
 
6.3.5. Framing Table 

Walls are assembled at this workstation with the aid of an automatic nailing machine that clamps and 
nails the full height studs and components onto the plates.  The plates are placed on each side while the 
common studs and other components are manually located, with the aid of pop-up stops, to the marks 
printed on the plates by the chop-saw. Very Top Plates are manually nailed onto the wall before 
transferring the wall onto the accumulation line (conveyor). 
 
Considerable effort is required by the two workers to straighten the studs once the assembly has been 
clamped.  Shop-made levers are used to twist the studs straight before automatic nailing.  In cases where 
the twist is particularly bad, manual nailing is required to keep the stud straight. Some walls required a 
worker to manually straightened and nail more than half the studs slowing the process considerably.  It 
was also noted that the automatic nailer appears to be operating at a slower than ideal feed rate. 
 
 
6.3.6. Squaring Table 

Walls assemblies arrive at the squaring table on the accumulation line and are raised off the conveyor for 
sheathing or transferring to the next work centre.  If the arriving wall requires sheathing, full sheets are 
placed on the wall, positioned and “stitch” nailed into place.  Partial sheets are then cut and added to the 
wall.  Once the sheathing is in place, any openings in the panel are cut out with a handheld router. 
 
During the data collection visit, the station’s operation was observed with both one and two workers.  
Productivity increased slightly by having the second worker cut partial sheets to measurements made by 
the primary worker. Very few partial sheets were observed to be pre-cut prior to a walls arrival at the 
station. 
 
The skate rails used to raise the panels off the accumulation line are airbag actuated and are quite slow 
(Figure 8).  Speeding up this process should be considered, and may easily be accomplished by adjusting 
a pressure/flow regulator or increasing the air supply line diameters.  This would speed up processing of 
all walls, whether sheathed or not. 
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Figure 8 Detail of transfer area of accumulation line 

 
6.3.7. Sheathing Nailer 

An automatic sheathing nailer is used to fully nail the sheathing to the wall assembly (Figure 9).  The 
overhead gantry travels along the length of the panel nailing on 6-inch centres.  When studs are detected, 
the nailer stops and 3 moving nailing guns (stud tools) nail the sheathing to the stud.  Once the stud has 
been nailed along its length, the gantry continues to the next stud.  Openings are also automatically 
detected and nailed. The machine is operated by the worker at the finishing and quality control station 
however, it takes a minimal amount of time to start the nailing process. 
 
Visual inspection of the nailing machine found excessive wear on some of the stud-tool rails.  This wear 
allows excessive play on some of the stud tools, potentially causing nails to be driven off-square to the 
panel. 
 
It was observed that many nails were breaking out of the studs, particularly near the centre of the panels 
resulting in excessive rework at the finishing station.  Other than hitting an occasional knot, this problem 
could be caused by programming issues in the nailer or due to wear on moving gun rails, or a combination 
of the two.  Other potential sources of nailing problems can arise if the studs are bowed or the nailing 
machine does not detect the stud position accurately.  Also, there is no facility for detection of jammed 
nailing guns although no jams were observed during the study. 
 

AIR BAG

SKATE RAILS

AIR BAG

SKATE RAILS
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Figure 9 Sheathing Nailer viewed from infeed 

 
6.3.8. Finishing, Quality Control and Bundling 

Quality control checks performed at the finishing, quality control and bundling station are primarily for 
proper nailing of the sheathing. Nails that have missed studs or have been deflected by knots are removed 
and re-nailed by hand.  This requires the worker at this station to crawl under the panel, locate any 
deflected nails and hammer them out enough to allow removal from the top side of the panel.  Any 
missing nails from jams or misfires of the sheathing nailer are also added with a manual air nailer when 
the worker is on top of the panel. 
 
After completing the QC inspection, the wall panels are lifted from the inspection table using a power 
chain hoist.  The panels are stacked on dunnage according to the bundle specification.  Once all the panels 
in the bundle have been manufactured, the bundle is strapped, labelled and moved by forklift to yard 
storage.  This process took an average of 9.5 minutes to complete and although it does not appear to cause 
a bottleneck, the worker is unavailable for use elsewhere.  Other than moving the bundle, these steps are 
performed primarily by the finishing worker.   
 
 

7 Process Simulation 
In order to simulate the wall line at the Manufactured Home component manufacturer, a simulation 
module encompassing the workstations and processes shown in Figure 3 was developed.  To simplify the 
model, the order issuing and material picking steps are excluded.  The functioning and timing of this 
model is based on the data collected during the production study.  Model output was then validated 
against production records. 
  

Gantry 

Stud Tools 

Nailing Guns 

Stud Tool Rails 
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7.1. Simulation Model 
The simulation model, developed on Simul8, was built using standard components, such as resources, 
material handling equipment, work centres and storage bins used to represent an actual production 
processes.  Resources are objects that represent available labour such as machine operators and 
production staff that can be assigned to tasks.  Examples of these tasks include assembly, hand nailing 
and grading.  Material handling equipment includes conveyors, rollers, infeed and outfeed belts.   The 
work centre components represent production processes, such as pre-assembly nailing, sheathing, chop 
saws, as well as job functions including Quality Control inspection and bundling.   The storage bin 
components represent both machine and non-machine storage systems, such as surge areas, pallets and 
bins. 
 
The model created to simulate the wall line is shown in Figure 10.  Once the basic model was created, 
information on product attributes and processing time collected from the production study was used to 
tune the model so that it “produced” a similar number of walls as the real line.  This is made possible by 
the fact that simulation components in Simul8 are highly flexible in terms actions performed on a work 
item, efficiencies (break-downs), and processing (work) time. 
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Figure 10 Wall Line Simulation Model 

 



17 

 
 

The variety of wall types (length, height and number of openings) greatly affects the processing time at 
each work centre.  To simulate this variability, statistical distributions were created from the data 
collected during the visit (Table 3).  The descriptions of the distribution are as follows: 
 

• Sheathing – sets the ratio of sheath and unsheathed products, which sets the processing time 
at the squaring table and sheathing nailer.  It is important to note that this distribution also 
assigns the batch size of sheathed and unsheathed products. 

• Number of Openings – sets the number of openings such as doors and windows. 
• Wall Length – sets the length of the wall, which determines the number of panels that will fit 

on the accumulation conveyor and the linear footage of product produced. 
• Wall Height – sets the height of the wall, which determines the number of panels that will fit 

on the conveyor between the squaring table and sheathing nailer. 
• Number of Pieces – sets the number of components per wall (studs, cripples, trimmer, headers 

and plates). 
 

Table 3 Work item (wall panel) distributions 

 

Distribution Name Distribution Type Percentage Percentage 

Sheathing Fixed 61.0% Unsheathed 39.0% Sheathed 

Number of Openings Fixed 62.1% None 37.9% One 

 

Distribution Name Distribution Type Mean Deviation 

Wall Length Normal 6.1 ft. 3.9 ft. 

Wall Height Normal 8.5 ft. 1.5 ft. 

Number of Pieces Normal 12.8 pcs. 6.4 pcs. 

 
Table 4 compares the results of the simulation with historical production records for the previous 12 
months and on the days of the production study.  Due to the fact that the production during the study was 
higher than the average daily production for the previous year, and therefore not fully representative of 
typical operation, the model’s output was adjusted to more closely match the study production. 
 

Table 4 Comparison of Actual and Predicted Wall Line Production 

 
Production Average Standard Deviation 

Measure Actual 
(Linear Ft.)

Model 
(Linear Ft.)

Difference
(%) 

Actual 
(Linear Ft.) 

Model 
(Linear Ft.)

Difference
(%) 

Weekly 
(Full weeks only, prior 
Year) 

2227.4 2959.3 32.9 378.7 280.9 -25.8 

Daily (Over prior year) 446.8 593.0 32.7 95.8 56.5 -41.0 
Daily (Over study period) 626.0 593.0 -5.3 97.9 56.5 -41.4 
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A comparison of the standard deviation of the actual and simulated production line outputs shows a 
significant difference.  The variability of the model production is 41.4% lower than that of the simulation.  
This discrepancy is not unexpected as the simulation represents typical line operation with efficiency and 
working speeds gathered from the three-day production study and therefore may not capture problems 
that occur over a longer period of time.  For example, the line can operate with varying staffing levels as 
discussed in section 6, or there may be major equipment break-downs affecting production. 
Unfortunately, these unusual occurrences were not observed in the production study and as a result, their 
affects on the production variability cannot be accounted for in the simulation.  Based on this and the 
average production output results, it is believed that the model is a reasonably accurate representation of 
the production line, particularly when compared to the days of the production study. 
 
7.2. Sensitivity Analysis 
Using the verified model described in the previous section, a “sensitivity” analysis was conducted to 
identify processes/parts that significantly affect production.  A sensitivity analysis helps to focus 
improvement effects by separating the factors that the process is sensitive to versus those that the process 
is insensitive to.  The process’ sensitivity to various product mixes and a few key changes to the 
workstation operation was tested.  These changes are primarily centred on the framing and sheathing 
operations.   
 
7.2.1. Effect of the percentage of sheathed panels on production 

A number of simulations trials were conducted utilizing a range of sheathed/unsheathed ratios to quantify 
the effect on production.  The results of the trials are shown in Figure 11.  As the percentage of sheathed 
walls increases, the production decreases in a somewhat linear manner.  The circle indicates the ratio for 
the products being produced during the study which was 39% sheathed, 61% unsheathed.  The largest rate 
of change occurs when 70% of the walls are sheathed which correlates to the sheathing station working 
95% of the time (Figure 12).  At the observed sheathing ratio, the framing table is blocked by a full 
conveyor 19.6% of the time, limiting production. 
 
Were walls not batched by sheathed and unsheathed bundles; there may be a well-defined point where 
there is a marked change in production as the sheathed/unsheathed ratio changes.  
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Figure 11 Daily production as a function of sheathed panels 
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Figure 12 Effect of sheathing ratio on squaring table and framing table utilization 

 
7.2.2. Squaring Table Efficiency 

The plant personnel indicated that the squaring table (sheathing station) is the bottleneck and the 
simulation model confirmed this.  To gauge the effectiveness of any changes implemented to the process 
flow at this station, trials where run with varying sheathing work time.  The results, shown in Figure 13, 
indicate that production could be improved by approximately 5% for every 10% decrease in work time.  
Beyond a work time decrease of 30%, the framing station starts to limit production and any additional 
reductions don’t result in a production increase.  Reducing work time by 25% brings up the working time 
of the framing station to about 85% which is generally all that can be achieved in practice (Figure 14). It 
must be kept in mind that these benefits will depend on the sheathed and unsheathed panel distribution. 
 
During most of the production study, two employees worked at the squaring table. Partial sheets of 
sheathing were rarely pre-cut, necessitating the primary sheathing worker to measure the required partial 
sheet size for cutting by the second worker.  When the station only had one worker, the primary worker 
would have to cut these panels.  In both cases, the station’s through-put could be improved by having the 
sheathing pre-cut.  This also ensures that panel usage is optimized.  An additional small improvement 
could be realized by increasing the skate rail transfer airbag speed as mentioned in section 6.3.6. 
 
 



20 

 
 

300

400

500

600

700

800

40% 60% 80% 100% 120% 140% 160%

Change in Work Time (%)

A
ve

ra
ge

 P
ro

du
ct

io
n 

(L
in

ea
r F

t/d
ay

)

Worse Better

 
Figure 13 Effect of squaring table work time on average daily production 

 
 

Figure 14 Work centre utilization as a function of squaring table work time changes 

0

10 

20 

30 

40 

50 

60 

70 

80 

90 

100

40% 60% 80% 100% 120% 140% 160%
Efficiency (%)

U
til

iz
at

io
n 

(%
) Automatic Nailer 

Finishing, Inspection & Stacking
Pre Assembly 
Rough Assembly
Squaring Table 
Framing Table 
Current State 



21 

 
 

 
7.2.3. Framing Table Efficiency 

Based on the time study data, the cycle-time for the framing table is 4.9 minutes/wall.  This time included 
rough placement of the studs, placement of the top and bottom plate, aligning and manually nailing 
twisted studs, automated stud fastening and the attachment of the very top plate.  This cycle-time yielded 
570 LFT/day. 
 
From the observations, the workers at the framing table spend a substantial amount of time aligning and 
manually nailing twisted studs prior to automated stud fastening.  After fastening the studs to the top and 
bottom plate, the workers would use a leverage tool to re-adjust some of the fastened studs. 
 
The studs are SPF grade 2 and better and although twist for SPF is usually better than that for other 
species of wood, it still may be the primary source of this problem.  Using a stud grade with less twist 
such as No.1 may potentially reduce the amount of time required to align and manually nail twisted studs.  
It may also improve the appearance of the end product and reduce the amount of material rejected for 
other defects such as wane.  Alternately, implementing some sort of pre-inspection for twist, whether by 
machine or by worker might be sufficient.  Also, procedures should also be reviewed to verify that the 
workers are not trying to correct minor twist that might be acceptable to the company or customer. 
 
The video data was used to extrapolate a cycle-time for the framing table without the additional time 
required to handle twisted studs.  The average cycle-time was reduced 3.9 minutes/wall.  The simulation 
model was used to examine the affects of this reduced cycle-time.  The model was also used to conduct a 
sensitivity analysis to determine the affects and limitations of reducing process times. 
 
The simulation results showed a rapid increase in daily production volume from 570 LFT/day at 4.9 
minutes/wall to 615 LFT/day at 3.9 minutes/wall (Figure 15) and an increased wait-time at the framing 
table of 3.2 percent (Figure 16).  As the processing time at the squaring table remained constant, wait-
times at the squaring table decreased by 5.8 percent (Figure 16) while blocked time at the framing table 
increased by 10.6 percent (Figure 17).   
 
The sensitivity analysis shows that decreasing processing times at the framing table beyond 3.9 
minutes/wall reduces the rate at which production increases.  Reducing processing times a further 92 
percent to 2.0 minutes/wall yielded an additional increase of 2 percent (twelve wall panels).  The machine 
centres up and downstream from the framing table became the bottlenecks that dictated the production 
volumes.  However, in addition to using straighter studs, procedures will need to be revised to reduce 
processing times at the framing table beyond 3.9 minutes/wall. 
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Figure 15 Daily production increase from reduced squaring table cycle-time 
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Figure 16 Effect of reduced squaring table cycle-time on work-centre waiting time 
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Figure 17 Effect of squaring station cycle-time on work-centre blockages 

 
7.3. What-if Analysis 
7.3.1. Branch Line for Unsheathed Panels 
 
Due to the linear layout of the line, all panels whether sheathed or not, must past through the sheathing 
and nailing stations before final inspection and bundling.  Potential improvement to the line configuration 
would be to divert the unsheathed panels to a second bundling station.  To investigate the effectiveness of 
such a change, a second model was developed to test this scenario (Figure 18). 
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Figure 18 Simulation model with unsheathed panel branch line 
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Changes to the line include a new small queue with the capacity of one wall, a new panel hoist and a 
second bundling station.  The model is configured to route all unsheathed panels to this second bundling 
line.  Production results for this configuration are shown in Table 5.  The primary effect is that the 
working time for the Framing table increases by 7.8% as the station is less frequently blocked by a full 
accumulation line (down from 14.1% to 7.3% of the time) resulting in an efficiency (working time) of 
82.7%.  The overall result is a modest daily production increase of 10.8%. 
 

Table 5 Results of unsheathed panel branch line 

Average 
Production Framing Table Time Squaring Table Time 

Weekly Daily Working Waiting Blocked Working Waiting Blocked  

(Lin. Ft.) (Lin. Ft.) (%) (%) (%) (%) (%) (%) 
Base Case 2959.3 593 76.7 3.7 14.1 74.4 22.2 3.4 
Branch 
Line 3225.7 657 82.7 4.5 7.3 74.1 25.8 0.2 

Change 9.0% 10.8% 7.8 21.6 -48.1 -0.5 16.2 -95.1 
 
7.3.2. Branch Line with Improved Framing Table Efficiency 
 
An additional scenario was tested combining improved efficiency at the framing table with the new 
branch line, discussed in the previous two sections.  Results of trials with this configuration (Table 6) 
achieved a significant combined daily production increase of 17.6 %.  Waiting time for the framing table 
increases by 435% indicating that the bottleneck in the production line has moved upstream. 

Table 6 Results of unsheathed panel branch line with increased framing table efficiency 

Average Production Framing Table Time Squaring Table Time 
Weekly Daily Working Waiting Blocked Working Waiting Blocked  
(Lin. Ft.) (Lin. Ft.) (%) (%) (%) (%) (%) (%) 

Base Case 2959.3 593 76.7 3.7 14.1 74.4 22.2 3.4 
Branch Line 
+ Faster  
Framing 

3460 697.4 61.0 19.6 13.8 78.7 21.0 0.3 

Change 16.9% 17.6% -20.5 435.3 -1.7 5.7 -5.2 -90.8 
 
 
7.4. Return on Investment 
 
A return on investment (ROI) and payback analysis was conducted for the following scenarios:  
 

• Increase efficiency at the squaring table 
• Addition of a branch line for unsheathed wall panels. 
• A combination of increased efficiency at the framing table and the addition of the branch line. 

 
In this project, the return on investment and the payback periods are based on the simulated production 
improvements.  Since there are unforeseen problems in any project and to be conservative, only half of 
the projected increase will be used in the cost benefit calculation. 
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The calculation of the ROI, or the potential value of the simulated production changes, focuses on the 
output from the plant as a whole.  An assumed 10-percent marginal net revenue for lineal feet of finished 
product was used and, assuming that all of the produced volume is saleable at this price, the value of the 
increased product output is calculated.  This is then compared to the cost of the production improvements 
including parts, labour and lost production for the installation to determine the ROI. 
 
Table 7 shows the estimated cost of the production improvements and the value of the simulated increase 
in production. 
 

Table 7 Potential ROI and payback (based on 50% annual yield) 

Improvement 
Scenario Description Improvement 

Cost Improvement/yr Return on 
Investment 

Payback 
Period 

1 Squaring Table 
Efficiency $10,000 $14,454 1.4:1 8.0 Months 

2 Branch Line $20,000 $9,828 0.5:1 24 Months 

3 
Branch Line + 
Framing Table 

Efficiency 
$20,000 $15,421 0.8:1 15.6 

Months 

 
Scenario #1 is based on an overall production increase of 15.3-percent through using pre-cut OSB panels 
and reducing the transition time between the accumulation conveyor and the squaring table.  This scenario 
has the highest ROI and shortest payback period due to the minimal capital required to implement a pre-
cut OSB system and to improve material handling equipment.  Scenario #2 investigates the addition of a 
branch line for unsheathed products.  This scenario requires a new panel hoist and minor conveyor 
modifications.  Scenario #2 yields an overall production increase of 10.8-percent.  However, without 
increasing the product volumes from the upstream processes, the potential benefits from this scenario are 
not fully realized.  Scenario #3 looks at the addition of the branch line in conjunction with the increased 
efficiency at the framing table by using a stud grade with less twist.  To reflect the cost of a higher stud 
grade, the cost per stud was increased by $1/stud.  This combination yielded an overall production 
increase of 17.5-percent and an acceptable ROI and payback period. 
 
 

8 Conclusions and Recommendations 
The production study and computer simulation of a wall line of an Alberta Manufactured/Prefab Home 
component manufacturer shows that there are opportunities for production improvements. Observation of 
the line identified some inefficiencies and equipment problems that reduce production from the line.   
 
Sensitivity analysis conducted with the Simul8 simulation model indicated where production bottlenecks 
were occurring and what the results of any improvements might be.   Most of these improvements do not 
require significant capital related but rather focus on increasing the efficiency of the existing system that 
relies heavily on manual labour.  For example, according to the ROI analysis, implementation of OSB 
pre-cutting at the sheathing table could result in a production increase of 15.3 percent with an 8 month 
payback period. 
 
Recommendations: 

• The plant should consider implementing a system of guidelines to help line workers determine 
what level of product quality is considered acceptable.  This would allow for potential improved 
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decision making when mistakes happen on the production line, when parts should be discarded 
and new pieces cut. These measures are particularly important with a constantly changing 
workforce in the current job market. These guidelines should include: 

o Well defined tolerances for acceptable twist, bow and wane. Go/No-Go gauges for twist 
could be used for worker training 

o Acceptable and not-acceptable samples located by station 
o Repair and replace procedures or guidelines to reduce worker uncertainty and production 

delay 
• Reduce the processing time at the squaring table to address the bottleneck as identified in the 

sensitivity analysis. 
• Reduce the cycle-time of the framing table from the current time from 4.9 minutes to 3.9 minutes 

through use of higher grade studs and improved procedures.  Additional benefits from higher 
graded studs should be investigated further for improved product appearance, reduced waste, and 
the potential for improved sheathing nailer performance. 

• Further investigate the feasibility of removing unsheathed wall panels from the line after the 
framing table and bundling them separately. 
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Production Study Results 
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Work Time 
Work Centre Operation Distribution 

Mean 
(min) 

Std 
Dev 
(min) 

Efficiency
(%) 

Breakdown 
Type 

Time 
Between 

Breakdowns 
(min) 

Time To Repair 
(min) 

Humdegger Chop Saw Batch Cutting Normal 30.5 15.5     
Rough Assembly Assembly Normal 1.56 1.77 66    
Pre Assembly No Assembly Normal 2.18 1.02 85    
Pre Assembly Assembly Normal 6.06 2.88 85    

Framing Table Nailing Normal 4.39 1.64  Reloading 
23.15 

(Average) 1.39 (Average) 
Transfer to Accumulation 
Line Moving Normal 0.61 0.26     
Squaring Table Sheathing and Routing Normal 14.05 3.08 71.2    

Automatic Nailer Automated Nailing Normal 2.56 0.38  Breakdown 
200 

(Exponential)
10, k=3 
(Erlang) 

Finishing/Inspection 
Move panel to Q/C Repair 
station Normal 0.23 0.07     

Finishing/Inspection 
Combined 
Move/Repair/Inspect Normal 4.65 2.24     

Bundling Bundling Process Normal 9.44 2.09     
 


