
ABSTRACT 

JAMES, ROBERT A. Process Analysis and Setup of an MRAP (Mine Resistant Ambush 

Protected) Vehicle Production Plant. (Under the direction of Thom Hodgson). 

 

 BWW solicited the assistance of a team of North Carolina State University engineers 

to help them save time and money by analyzing their MRAP manufacturing operations and 

recommending a plan that would demonstrate their ability to meet a possible output of 4100 

vehicles per year for 5 years.  Unconstrained by money or resources and considering the 

availability of a nearby automobile production plant, the team was able to calculate the assets 

required for BWW to meet their intended production rate and submit, to the United States 

government, a legitimate bid for the MRAP contract.   

 As the team conducted the analysis, numerous procedures and standards changed.  

The research focused around an in-depth understanding of the individual processes required 

to produce the vehicle.  Simple mathematical calculations and the use of Just-In-Time 

Processing resulted in the conversion of the process from which 1 vehicle was produced in an 

approximate two week period, to a process designed to produce 16 vehicles in a day.   

 Using scaled drawing software, the team organized the resource requirements in a 

manner which applied a logical flow to the production line.  Material handling and flow 

presented issues which we attempted to address in the drawings.  Many of those obstacles 

remain areas for further research and improvement. 

 Throughout the project, the team implemented numerous adjustments to the 

calculations and facility layout.  However, at the time when the project seemed to stray from 

the implementation of the production line in the large facility, two primary research, 

calculation, and recommendation iterations had become evident.  This work documents the 

research, methods, and results of those two iterations.   
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1 BACKGROUND 

   BWW is a contracting agency which specializes in worldwide security and protection.  In 

order to better protect its personnel and clients, BWW must understand and guard against the 

threat capabilities and techniques of the enemy in their areas of operation.  On today’s 

battlefield, the enemy is employing the use of roadside bombs, mines, and IEDs (improvised 

explosive devices) to try to hinder Allied Forces.  According to the Department of Defense 

military casualty statistics compiled from October 2001 to Feb 2008, IEDs and such 

explosives have accounted for nearly 50% of the deaths and 67% of wounded United States 

military personnel.1  This tactic, and its effect on U.S. and friendly forces, has resulted in the 

need for a change in the basic design and armor of combat vehicles.  The HMMWV (High 

Mobility Multipurpose Wheeled Vehicle), or Humvee, was the basic vehicle that the U.S. 

most commonly used for road travel during the initial years of the War on Terrorism.  This 

vehicle was very susceptible to the IEDs.  Its flat bottom design did not deflect much, if any, 

of a blast from beneath.  As a result, the explosion was absorbed by the vehicle and its 

passengers resulting in the high casualty statistic noted above.  The idea of developing a 

vehicle to combat the most casualty producing threat to U.S. Forces resulted in the inception 

of the MRAP (Mine Resistant Ambush Protected) program.  The design philosophy behind 

the MRAP is a heavily armored, wheeled vehicle with, most commonly, a “V”-shaped hull to 

deflect the blast of an explosion from beneath.  Figure 1 illustrates the contrast between the 

blast impact on a MRAP and a HMMWV.  BWW began using the MRAP concept to design 

a vehicle to suit its needs.  BWW executives, understanding that their company had the 

capability and funding, decided to expand their production and marketing of their version on 
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the MRAP.  Along with fielding vehicles for company use, they now desired to provide the 

United States military and Allies with vehicles to increase the protection and survivability of 

the Warriors fighting in the War on Terrorism.                                                                        

  

 
 

Figure 1
2
: V-shaped hull deflects the force of the blast away from the crew (left). Flat underside of humvee 

crew compartment absorbs full force of the blast (right).  
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2 OVERVIEW 

   According to BWW, in July of 2007, the United States government informed them that it 

would be necessary to fill its ranks with, approximately, 20,500 of these new MRAP vehicles 

over the next 5 years; that is 4100 vehicles per year for 5 years.  In order to expeditiously fill 

the ranks with such a large number of vehicles, the U.S. Military is testing and fielding 

numerous designs from various companies, including BWW.   

   After conducting research, developing several prototype and improved models, and 

initiating the testing and submission of their MRAP vehicle, BWW determined it was ready 

to conduct the resource analysis.  This analysis was to be included in BWW’s initial bid 

proposal for the entire MRAP contract.  BWW realized that they might be awarded all, part, 

or none of the contract.  In order to be prepared to bid for and fill the entire contract, BWW 

set forth plans to lease an unused automobile production plant and employ North Carolina 

State University to assist in the resource and setup analysis. 

 

Figure 2: BWW MRAP vehicles out conducting promotion and testing. 

 
 



 

 4 

   On, or about, 15 August 2007, the project group from North Carolina State University 

submitted, to BWW, a capacity analysis and preliminary layout for the MRAP and its 

proposed production facility.  The first product we submitted is included as Appendix A.  

Approximately 3 weeks later, we adjusted our initial submission with several recalculations 

based on the new and more accurate data included in Appendix B.  This document uses the 

referenced sources above, along with other notes and research to detail the process and 

thought that led to the final product that BWW used while attempting to obtain the contract 

for the MRAP vehicles.  Additional information that has follow-on significance is also 

included in the document. 
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3 INITIAL PROCESS 

   At the time we initiated our study, BWW produced vehicles on an as-needed basis; no set 

schedule.  The 6 to 10 vehicles they had produced were used for demonstration, promotion, 

and testing.  These vehicles were manufactured in the onsite facility.  The facility’s capacity 

was adequate for the required output.  However, as a result of the space and man-power 

limitations, BWW was not able to gain or produce accurate time standards for the processes 

involved in the manufacturing of the vehicles.  The process did allow BWW to gain a more 

in-depth understanding of what small issues might become of greater significance on a larger 

scale.  Some of the issues included chassis set up, steel suppliers and quality, primer and 

paint application, and steel cutting and welding nuances.   

   The process, as initially analyzed, consisted of twelve primary stations.  The armored steel 

used came from a steel company in Sweden via ship and then it was trucked in to BWW’s 

facility.  The steel comes in sheets that must be cut at the initial station.  The cutting of the 

steel occurs at the Cutting Station.  The Cutting Station used plasma arc machines and laser 

machines to cut sheets of the appropriate dimensions.  The laser machine is used for those 

pieces that require greater accuracy of the cut due to lower fit tolerances.  The majority of the 

more precisely cut pieces are not very large sheets so the machine accepts 4 ft × 8 ft sheets of 

multi-sized steel for cutting.  The laser cuts 25% slower but much more precise than the 

plasma arc.  The plasma arc machine is used for all other steel cutting.  As a result of the 

large sheets it must process, at least one plasma arc machine must have a table size of 8 ft × 

24 ft.  The other machines are smaller, 8 ft × 20 ft.  After the sheets are cut down to the 

required sizes, they move on to the Welding Station.   
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   At the Welding Station, four groups of parts are assembled; the engine compartment, the 

cab, the body, and the sub-assemblies.  Prior to being welded, the cab and body parts are 

tacked together so that, when welded, the welder can just weld along the seams to assemble 

the vehicle part.  The engine compartment (front end) is composed of numerous, smaller 

parts that must be fabricated and assembled piece-by-piece.  

 

Figure 3: Outer steel being attached to the tacked frame of a cab section.  
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Figure 4: Tacked frame of a body section awaiting outer steel. 
 

  

   While the main parts are being assembled at welding, the chassis (which are purchased 

from an out-of-state fire engine company) are checked at the Quality Assurance (QA) 

Station.  Quality assurance includes a test driving of the vehicle in order to confirm its basic 

functions.  Initially, the chassis BWW received were bare.  This slowed the QA process 

because the chassis had to receive modifications prior to moving on to decking.  The 

modifications included, but were not limited to, the following: addition of custom brackets to 

change the location of fluid reservoirs, fitting of steel around the axle to give the vehicle its 

V-shaped bottom, addition of Fibertech (impact resistant material for protection and 

reinforcement) to the firewall between the cab and the engine compartment.  These 

modifications were very time consuming.  BWW was able to negotiate with the supplier so 

that the chassis would, eventually, arrive with the majority of modifications complete.     
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Figure 5: Bare chassis receiving check at the QA Station. Notice the red arrow pointing at the Fibertech panel  
attached to the firewall. 

 

   From the Welding Station, the engine compartment, cab, and body meet with the chassis at 

the Decking Station.  Here, the external parts from welding are bolted and welded onto the 

chassis.  Cranes are used to raise and lower the parts down onto the chassis.  The cab and 

body are then bolted together and reinforcement steel is welded to the joints to ensure the 

vehicle meets the required ballistic standards and can withstand the punishment it was 

designed to tolerate.   
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Figure 6: Body section of vehicle being attached to a chassis at the Decking Station.  Cab section has 
completed the decking operation. 

 
 
   Meanwhile, the sub-assemblies (at this time identified as 42 pieces including interior 

panels, window brackets, and other small parts) were forwarded from welding to a Paint Prep 

Station and on into the Paint Station.  The sub-assemblies are batched based on the 

production rate.  Sufficient parts for 4 vehicles worth of sub-assemblies will be prepared and 

painted at the same time.  Upon completion of the decking process, the assembled vehicle is 

checked for errors at the Quality Control (QC) Station after which, it is moved to the Paint 

Prep Station.  At the Paint Prep Station, the metal is washed with a concentrated cleaning 

solution, any bolt holes are plugged, and any windows are covered.   
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Figure 7: A portion of sub-assembly parts, after primer coat, awaiting paint.   

 
 
  The paint process at the Paint Station consisted of an initial primer coat and the external 

CARC (chemical agent resistant coating) painting of the vehicle.  The drying of the primer 

and final paint occurred at the Drying (or Curing) Station.  The booth that BWW used was a 

combination booth with two compartments.  The first compartment is a paint booth and the 

second is a baking oven to speed drying.  With this configuration, the primed vehicle would 

move forward to the Drying Station, for the primer to dry. It would then move back into the 

Paint Station to receive its CARC paint before returning to the Drying Station.  BWW 

discovered that the paint cures better when allowed to air dry but this process takes 
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approximately 8 hours.  Therefore, that method worked well with the slow production rate 

but would not be a viable option when production increased.   

  The assembled and painted MRAP then moved on to the series of four Trim Stations.  At 

these Trim Stations, interior panels and seats are installed, windows are installed, wiring is 

installed and connected and all other finishing assemblies are added to the vehicle before it is 

tested for completion.  The series of four Trim Stations was the focus of our initial analysis 

of the process.  A rough diagram of the process at this point can be viewed in Figure 8.  

 
Figure 8: Basic order of MRAP production operations. Diagram does not indicate the routing of parts. 

                

 

Sketch of Production Process

as understood 15 August 2007
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4 INITIAL ANALYSIS 

   BWW planned on producing 2 MRAP variations.  Category I (Cat I) was 22 feet long, 102 

inches wide, and 112 inches high.  Category II (Cat II) was longer, 27 feet long, and built on 

a dual chassis.  However, the Cat II maintained the same width and height dimensions as the 

Cat I.  The cab size was the same for each type of vehicle, 96 in × 80 in × 88 in.  The front 

end components also maintained common dimensions, 97 in × 81 in × 48 in.  However, the 

body dimensions varied between the two vehicle types.  The body dimensions of the Cat I 

vehicle was 97 in × 101 in × 88 in.  Keeping with its longer dimensions, the Cat II vehicle 

was 97 in ×163 in × 88 in.  BWW had no way of estimating the amount of Cat I and Cat II 

vehicles they would have to produce.  Therefore, we conducted the entire analysis 

considering the requirements of the Cat II vehicle, where possible.  Time considerations for 

production remained consistent and adequate to produce both vehicle variations. 

   Based on the data BWW provided us, the trim stations allowed for the most flexibility in 

our attempts to optimize the output of the system.  However, prior to analyzing the trim 

station processes, we had to first analyze all of the stations that preceded the Trim Stations.  

In response to our request for data, the Vice President of Manufacturing for BWW provided 

us with completion times for the processes involved at each station.  The times are listed in 

Table 1.  
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Table 1: Summary of data provided by BWW's Vice President of Manufacturing.  
Times represent man-hours required to complete the parts required to produce one vehicle. 

 

Cutting Station

Plasma 8.0 hrs

Laser 2.5 hrs

Welding Station

Front End

weld 24.0 hrs

bolt 3.0 hrs 

total 27.0 hrs

Cab 40.0 hrs

Body 80.0 hrs

Sub-assemblies 80.0 hrs

QA Station 2.5 hrs

Decking Station

Cab 1.0 hr

Body 1.5 hrs

Front End 1.5 hrs

QC Station 4.0 hrs

Paint Prep Station

Sub-assemblies 1.5 hrs*

MRAP 5.5 hrs

Paint Station

Sub-assemblies

primer 6.0 hrs

CARC 8.0 hrs

MRAP

primer 2.0 hrs

CARC 3.5 hrs

Drying Station

ALL 1.5 hrs**

* Represents information gained over the phone.

** Times are assumed base on discussion  

 

   The correspondence containing the data in Table 1 is available in Appendix C.  In order to 

meet the production rate of 16 MRAPs per day, 4100 per year, we used the times BWW 

provided, from Table 1, to calculate the assets required at each station.  In conducting our 
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analysis, BWW wanted us to consider unlimited resources.  We did not want to consider the 

allocation of sufficient resources and personnel an issue because our priority was the output 

of the system.  This was necessary so that, in the contract proposal, BWW could demonstrate 

the feasibility of filling the entire contract.  Using Just-In-Time processing to minimize the 

resources required to meet the production rate of the system, each station needed to also 

complete 16 MRAPs per day.  The following sections, cutting thru paint, are slightly altered 

excerpts from our initial submission that describe the by-station breakdown of the resources 

required to achieve our production goal.  The primary assumption that continues throughout 

the analysis is that the time it takes to complete a process decreases, linearly, as the number 

of personnel assigned to that process increases. 

 

4.1 CUTTING 
 

   It takes 8 hours for one plasma cutter to complete the steel required to build one vehicle.  

To meet output requirements, we need to use 16 (8 hrs required / 8 hrs per day × 16 vehicles 

required) plasma arc machines.   

   For more dimension critical pieces, a laser machine is necessary.  The laser machine takes 

2.5 hours to complete the steel for one vehicle.  Consequently, we will require the use of 5 

(2.5 hrs required / 8 hrs per day × 16 vehicles required) laser machines to meet our output 

rate.   

 

4.2 WELDING 
 

     As a reminder, the welding process is divided into the following 4 areas: engine, cab, 

body, and sub-assemblies.  It takes 24 man-hours to weld one engine compartment.  It then 
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takes 3 man-hours to bolt on the components.  Therefore, we require 48 (24 hrs required / 8 

hrs per day × 16 engine compartments required) front end welding stations and 6 (3 hrs 

required / 8 hrs per day × 16 engine compartments required) engine bolting stations to meet 

production.   

   The cab requires 40 man-hours to weld.  BWW has informed us that it is possible to use 2 

welders to work on each cab.  80 (40 hrs required / 8 hrs per day × 16 cabs required) welders 

occupying 40 (80 welders / 2 welders per station) stations will fulfill the cab output 

requirement.   

   Each body takes 80 man-hours to complete welding.  BWW told us to use up to 3 workers 

per body to decrease the time as needed.  Therefore, using 160 (80 hrs required / 8 hrs per 

day × 16 bodies required) welders, we can meet production needs with 54 (≈ 160 welders / 3 

welders per station) body welding stations.   

   Sub-assemblies require 80 man-hours to complete enough for one vehicle.  The number of 

sub-assembly welding stations and the exact welding time at each depends on the number of 

actual sub-assemblies.  However, assuming the same math we used for the other welding 

stations applies for sub-assemblies, welding of the sub-assemblies requires 160 (80 hrs 

required / 8 hrs per day × 16 sets of sub-assemblies required) welders to meet production.  

We can employ 3 welders on each sub-assembly station resulting in 54 (≈ 160 welders / 3 

welders per station) stations.   

 

4.3 QUALITY ASSURANCE (QA) 

   Each chassis used to create the vehicle goes through a QA process prior to decking.  A 

portion of the QA process will take place outside of the manufacturing facility.  As a result, it 
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is not clear whether QA needs its own specific station.  However, we know that, with a 2.5 

hour completion time, it will take 5 (2.5 hrs required / 8 hrs per day × 16 MRAPs required) 

QA workers to meet the required output rate. 

 

4.4 DECKING 

   The decking process is the first in the assembly line operation.  Decking combines the work 

of 3 assembly operations (front end, cab, and body) to produce one vehicle.  The entire 

decking process needs to produce 1 vehicle every 0.5 hours (8 hrs per day / 16 MRAPs 

required) to meet the output rate.  It takes 1.5, 1, and 1.5 man-hours to complete front end, 

cab, and body decking, respectively.  Therefore, using one decking line, we need 3 (1.5 hrs / 

.5 hour rate) workers on front end decking, 2 (1 hr / .5 hour rate) workers on cab decking, 

and 3 (1.5 hrs / .5 hour rate) workers on body decking for a total of 8 workers decking (this 

does not include material handling people).  We will need a minimum of 2, but we are 

recommending 4, decking stations to meet production. 

 

4.5 QUALITY CONTROL (QC) 
 

   We are unaware of what the QC process prior to paint prep entails.  However, we know 

that it takes 4 hours to QC one vehicle.  We recommend 8 (4 hrs required / 8 hrs per day × 16 

MRAPs required) QC stations with 1 worker at each to meet production. 

 

4.6 PAINT PREPARATION (PAINT PREP) 

   The paint preparation rate is dictated by the paint process.  It takes 5.5 man-hours to 

prepare a single vehicle for painting.  We will need 3 workers at each of 4 paint-prep stations 

(total 12 workers) to output an average of 1 vehicle every 0.5 hours.  4 separate stations are 
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required to enable the batching necessary to feed our two 2 vehicle paint booths described in 

the next section. 

   Assuming a time of 1.5 hours to prepare 1 vehicle worth of sub-assemblies, we determined 

the need for 3 workers at 1 prep station to feed the sub-assembly paint booth. 

 

4.7 PAINT 

   In order to adjust to the increased production rate for which we are planning, we had to 

conceptualize and plan on using new assets. The new concept of the paint operation is 

comprised of a four cell (prime, dry, paint, dry - in series) system taking place in one paint 

booth/oven housing.  We determined it necessary to construct 3 paint booths (2 for vehicle 

and 1 for sub-assemblies).  During the paint process, vehicles will be batched so that 2 

vehicles enter each stage simultaneously.  The first cell in the process is for priming the 

vehicle.  It takes 2 hours to complete this priming process on one vehicle.  We will need one 

worker priming each of 4 vehicles for a total of 4 workers priming.  The vehicles will then 

enter the next cell, drying, where no man power is necessary for approximately 2 hours 

(minimum 1.5).  Following the drying of the primer, the vehicles will move to be painted.  It 

takes 3.5 hours to paint a single vehicle.  In the paint booth, we will need to assign 2 painters 

per vehicle for a total of 8 (16 vehicles per day / 2 painters per vehicle) painters to maintain a 

cycle time of 2 hours or less.  Finally, the vehicles will move into the paint drying cell of the 

booth where they will remain for 1.5 to 2 hours before moving into the queue for the trim 

station.  The entire vehicle paint process produces, on average, 2 vehicles per hour. 

   It takes 6 and 8 hours to prime and paint, respectively, the sub-assemblies for one vehicle.  

To meet the required production rate, we will need to push 4 vehicles worth of sub-
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assemblies through the sub-assembly paint booth every 2 hours.  This requires 12 painters 

priming and 16 painting.  The parts will spend 2 hours in each of the four cells.  We planned 

on implementing an overhead conveyor system to suspend the parts and move them through 

the paint process.  Since the times required include material handling, we assumed that the 

paint times will decrease due to the increased efficiency of the material handling system.  

Consequently, we predicted that the number of painters required will also decrease. 

   The following is a summary breakdown, by station, of the resources required to achieve 

that output rate from the stations leading up to the trim stations: 

1. Cutting Stations: 16 plasma arc machines, 5 laser machines  
2. Welding Stations:   

a. Engine Compartment: 48 welding stations, 6 bolting stations  
b. Cab: 40 welding stations (2 welders at each => 80 welders) 
c. Body: 53.33 ≈ 54 welding stations (3 welders at each => 160 welders) 
d. Sub-assemblies: 53.33 ≈ 54 welding stations (3 welders at each => 160 welders) 

3. QA Stations: 5 workers (no specific station requirements identified) 
4. Decking Stations (1 assembly line):  
 a. Front End: 3 workers 
 b. Cab: 2 workers 
  c. Body: 3 workers  
5. QC Stations: 8 stations (1 worker at each) 
6. Paint Prep Stations:  

4 vehicle stations (3 workers at each) 
1 sub-assembly station (3 workers) 

7. Paint/Drying Stations:  
 2 vehicle booths (4 workers priming, 8 workers painting) 
 1 sub-assembly booth (12 workers priming, 16 workers painting) 

 

4.8 TRIM 

   Prior to considering the 16 MRAP per day production rate, we conducted a short analysis 

to maximize the output of the production line in BWW’s current manufacturing 

configuration; planning considerations were based on single shift operations.  In order to do 
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this, we had to maximize the number of workers completing the required tasks on a vehicle 

so that we could minimize the vehicle’s time at any station.  This analysis was difficult and 

not very accurate due to the rough data BWW had compiled for the trim stations (see 

Appendix D).  However, after making several assumptions, we were able to develop a 

revised breakdown of the trim stations that seemed more logical based on the knowledge we 

had of the system.  The assumptions we made are detailed in the next section. 

 

4.8.1 DETAILING TRIM CALCULATIONS 

   The TRIM portion of our initial submission, Appendix A, includes a summary of how we 

recommended setup of the Trim Stations.  This section will attempt to give an in-depth 

explanation of our reasoning.   

   Appendix D lists the tasks and associated times included in each of the Trim Stations; 

labeled Station 9 thru 12.  Having limited knowledge of the actual process, we assumed that 

the list of tasks had a logical order of precedence.  We later found out that the figures were 

fairly inaccurate and that the order was not set.  Once we discovered how inaccurate the data 

was, our intent was to eventually develop a precedence diagram for the process.  However, 

during our analysis, we assumed the sequence of operations was set so that we could proceed 

with our calculations.  Consistent with our assumption, we first assigned new numbers to all 

of the tasks.  We eliminated the use of stations to separate the tasks and made one flowing 

list of the tasks numbered 1 thru 51.  Using the associated times, we divided the 51 tasks 

among 4, 5, 6, and 7 stations while attempting minimize the variance in the total time at any 

station.  We did not use any specific method or algorithm to develop these lists.  Rather, we 
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used a simple trial and error method to estimate optimal grouping.  The following is a brief 

summary of the station breakdown, station numbers, and respective times: 

 4 stations, 9 - 12: 14, 13.2, 13.6, 12.5 (min 12.5, max 14) 

 5 stations, 9 - 13: 10.1, 10.8, 11.1, 11.1, 10.2 (min 10.1, max 11.1) 

 6 stations, 9 - 14: 8.6, 9.3, 9.3, 8.7, 8.1, 9.3 (min 8.1, max 9.3) 

 7 stations, 9 - 15: 7.3, 6.7, 6.9, 8.0, 7.0, 8.1, 9.3 (min 6.7, max 9.3) 

This station analysis and summary is available in Appendix E.   

   We assumed that the time listed was the total time required if one person were to work to 

complete that task.  Therefore, using 4 workers per station and no more than 2 people 

working on the inside at one time, we added personnel to the tasks so that we reduced the 

time required.  This idea goes along with the linear decrease in the completion time of a 

process based on an increase in personnel assigned to that process.  For example, assigning 

two people to a 2 hour task would decrease that task’s time to 1 hour.  That assumption is 

bold but logical when applied to many of the tasks.  Having made the previous assumptions, 

we compiled the list of tasks and divided them into jobs that seemed to take place on the 

outside of the vehicle and those on the inside.  The complete list of tasks separated into inside 

and outside jobs is included as Appendix F.  The numbers listed to identify the sequence of 

operations are based on our assumption of the original lists being in a logical order. 

   Having divided the trim station tasks into inside and outside jobs, we attempted to 

maximize the number of tasks completed at a single station without exceeding the 8 hour 

shift time.  Therefore, the production line would have the ability to move a minimum of one 

station per day.  Having been inside the MRAP, we determined that it would be best to 
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restrict inside jobs to a maximum of 2 people working at a time.  As for the tasks we 

designated as outside jobs, we logically assigned the remaining people to those tasks so that 

they would not likely interfere with each other’s work.  According to our calculations, 7 

stations would not sufficiently decrease the station time of each to below 8 hours.  It was also 

apparent that, based on the list of trim operation, the 9 hours allotted to fabricating harnesses 

would never meet our single-shift output. 

   The main purpose of this analysis was to see if we could recognize some of the logic 

behind the Trim Station setup at that time.  We determined that the 4 Trim Stations were 

setup as such due to the output rate of the previous stations and the space constraints in the 

facility.  The increased number of stations we developed seemed like they would each make 

the process run smoother.  However, because the welding of an MRAP required so much 

time, BWW did not have reason to make the Trim Stations more efficient.  We realized that 

the increase in production coupled with movement to a larger facility made the optimization 

of the trim process necessary. 

   With our understanding that the trim operations were conducted in a manner that merely 

worked and had no clear method, we used the information we had to make stations that 

suited our output requirements.  Having setup the previous stations to produce 16 MRAPS 

per day, we needed the Trim Stations to match that output so the system produced 16 

MRAPS per day.  The rate of 16 vehicles per day for an 8-hour shift translates to 2 vehicles 

per hour (or 1 vehicle every .5 hour).  In order to receive 2 vehicles per hour, the trim area 

would require at least 2 trim lines with each processing a vehicle in an hour.  That standard is 

not possible based on the data we have.  With our formula of assigning maximum personnel 
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to minimize processing time, we would still have 3 of the 51 tasks that could not be 

completed in an hour (the 9-hour harness fabrication task excluded).  That calculation led us 

to analyze the trim stations differently.   

   We now wanted to maximize the tasks completed at a single station, maximize the 

processing rate (minimize the time at each station), and keep the total number of stations 

within a reasonable limit, all while maintaining the ability to meet the 2 vehicle per hour 

output rate of the Paint Station (prior to Trim).  Other than the harness, the task requiring the 

most time was the final electric wiring which was allocated 3 hours.  Assigning 2 people to 

that job decreases the time to 1.5 hours.  Had we divided the trim tasks into stations using 

that 1.5 hour processing time as the constraint, we would need 4 trim lines to meet the 

production rate.  We then realized that if we would need 4 trim lines, we could loosen the 1.5 

hour processing constraint to 2 hours in order to maximize the tasks the completed at a single 

station and decrease the number of total stations.  The result of these calculations was a 

system of 4 trim lines, each composed of 8 stations, with a minimum of 1.8 hours and 

maximum of 2 hours processing time for a single vehicle.  However, the system did not yet 

account for the harness fabrication task.  We assumed a maximum of 3 people working to 

complete the 9-hour wiring harness task.  That decreased the time required to 3 hours per 

vehicle.  Therefore, we attached 2 harness fabrication stations to the end of each trim line for 

a total of 8 harness fabrication stations.  With 8 harness fabrication stations and 3 workers at 

each, we would require 24 harness workers.  Since each harness station will receive a vehicle 

on the average of 1 every 4 hours and they each have a processing time of 3 hours, the 

harness stations will be used at only 75% of capacity.  Therefore, each station will experience 
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idle time during the process.  Several workers can be used as flex workers moving to the 

stations that require man-power.  Using those flex workers, 18 (.75 x 24 workers) harness 

workers will suffice but, to ensure adequate coverage, we recommended 21 harness workers.  

We will require 4 workers at each of the other trim stations.  The addition of these stations 

will allow for the Trim Stations to meet the 16 MRAP per day production rate.  A database 

breakdown of the trim stations, times, and personnel required is included in the appendix to 

our initial submission, Appendix A.  Also, a flow diagram for the process at this point is 

illustrated in Figure 3. 
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Figure 9: Illustrates general routing of material through the production process based on the information 
available during initial analysis. 
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5 INITIAL LAYOUT 

   BWW provided us with pictures of the production plant they planned on leasing.  The 

following pictures are aerial views of the building’s exterior from several different directions.  

 

Figure 10: Proposed production from the West.   
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Figure 11: Proposed production from the North. 

 
 
 

 
 

Figure 12: Proposed production from the Northwest. 
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Figure 13: Proposed production from the Southeast. 

 
 
 

 
 

Figure 14: Proposed production from the Southwest. 
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BWW also provided us with computer drawing of the interior of the building (see Figure 15).   

 

Figure 15: Computer drawing of the interior of the proposed mass production facility. 

 

Using AutoCad, we constructed the layout we calculated, via mathematical analysis, inside 

of the production facility.  The product that we created is included in Appendix A.  In order 

to do this, we had to account for several production considerations, safeties, and building 

constraints.   

   There are a few material issues that we had to keep in mind while drawing the setup of the 

production plant.  We were certain to consider the factors that would have an effect on the 
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setup of the facility.  While some of the factors were only for us to consider, others created 

reasons for us to designate specific places for them in the facility.   

   The largest two resources we wanted to consider when setting up the production facility 

were the steel and the chassis.  Planning factors for these two resources included a 12 week 

lead time for the steel (travel and customs).  The steel is currently arriving from Europe 

through Cleveland and Baltimore harbors, depending on the time of year.  It is then 

transported to BWW via truck with 12 sheets of steel on each.  Current orders are normally 

composed of 96 sheets for a total of 6 trucks.  This amount will increase as the production 

rate increases but we are assuming the lead time will remain the same.  As a result of 

increasing steel requirements, we must also consider a change in the method of delivery from 

truck to rail.  The plant setup will be more compatible with rail delivery.  The chassis require 

10 to 12 weeks lead time.  BWW is working with the chassis supplier to get them to move 

some of their production assets into the facility so that the chassis are built on-site.  This will 

eliminate the lead time required for chassis delivery.  Space for chassis production is 

allocated in our proposed layout.  However, the space we allocated may not be sized properly 

because we do not have good data on the actual chassis assembly operations.  All other 

materials require 4 to 6 weeks lead time.  BWW has mandated up to 2 weeks of raw material 

on-hand at the start of major production on the vehicle.  Once production is initiated, 1 week 

of raw material should be enough according to BWW.  The chassis, if ordered, will be stored 

in the chassis production area.  The steel will be stored between the rail and the welding areas 

in stacks of 25 to 30 sheets.   
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   Many of the other factors we had to consider deal with quality checks of products and 

ensuring proper flow of the system.  Safety specifications require a check on 1 out of every 

25 cab and body sections.  This means that the cab and body section must exit the system and 

workers must tear the steel down in order to check the welds and overall quality.  We must 

also account for chassis check stations in the chassis manufacturing lines to test and repair.  

The chassis are assembled from parts ordered and not fabricated parts so the lines only 

require assembly space.  Material reception, storage, and rejection will play an important role 

in the efficiency of the setup.  Line storage and repair at the trim stations, buffer zones in the 

welding stations, accumulator prior to paint, space for queuing leading up to decking and 

trim, structural obstacles such as columns and stairwells, and overall flow of the system were 

all also key considerations for which we accounted in our design. 
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Figure 16: AutoCad drawing of plant layout based on initial analysis. 

 
 
   The drawing in Figure 16 accompanied our initial analysis to BWW.  There are several 

errors that appear in the drawing.  The drawing illustrates 1 extra laser cutting machine.  The 

extra machine does not match our analysis.  However, considering available funds, an extra 

laser machine could prove very useful in case of mechanical failure.  The drawing also shows 

2 extra body welding stations, 56 instead of 54, and the lack of 2 sub-assembly welding 

stations, 52 instead of 54.  The space is available to move the extra body welding stations 
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over onto the sub-assembly lines to even out the numbers.  Adjusting the labels would then 

result in the accurate number of body and sub-assembly welding stations depicted.  We 

calculated 2 and recommended 4 decking stations.  Figure 4 shows only 3 decking stations.  

The space is available to depict the forth decking station and it should be there.  We did not 

catch any of the previously mentioned errors prior to submitting our initial analysis to BWW.  

Nonetheless, the analysis and drawing served as a great start. 

      In the next section, we will discuss the changes that BWW made to the process soon after 

we submitted the initial analysis and how those changes altered our production analysis and 

plant setup. 
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6 POST PROPOSAL CHANGES TO PROCESS 

   As with most startup processes, there were several changes to the process as it progressed.  

These changes were the result of altered client guidelines, process improvement ideas, and 

other factors such as experience producing the vehicles.  The following section identifies 

several key changes and mentions the possible effects on the large production plan.  The 

majority of the new data came from visits and phone calls to BWW made during the last 

week of August, 2007.  Through working with BWW’s Production Supervisor of 

Manufacturing during a trip to BWW, we were able to gain more precise and more in-depth 

knowledge of their MRAP production process.  It is the information we received from this 

gentleman, and the workers on the floor, that we determined to be the most accurate.  We 

annotated the data we received in the document attached as Appendix G.  We also 

documented the resulting additions and changes to the process.  The note of changed and 

additional processes is attached as Appendix H.  We then applied the changes to our original 

analysis in order to update BWW on our adjustments.  A copy of the document in which the 

adjustments were applied is available as Appendix I.  Much of the following text and tables, 

welding thru window fitting, come directly from those documents. 

 

6.1 WELDING 

   Previously, we understood that 24 man-hours was the time required to weld one set of front 

end parts.  We had also grouped the parts together without full knowledge of what individual 

parts were included in the set.   

   Instead of 24, it takes 33.5 man-hours to weld one vehicle’s front end components.  There 

are 14 different parts included in the “front end” components.  For ease of production, rear 
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blast skirts have been combined with the front end pieces.  We have determined that, 

different from the 48 stations we previously calculated, it will take 42 stations manned by a 

total 79 personnel in order to meet production.  Below, Table 2 lists the parts, completion 

times, number of stations, and number of workers for each part.   

 

Table 2: Front End component quantity and resource requirements. (GOR is the Grill Opening Reinforcement; 
plate surrounding the grill) 
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Figure 17: Welding of separate front end components. Shown here are the grill (red arrow) and the GOR (blue 
arrow). 

 
 
   The cab requires 96 man-hours to weld, not the original 40 man-hours.  BWW informed us 

that we should allocate 3 workers to each cab so that it will take 32 hours to complete one 

cab.  Added on to the beginning of the process of fabricating a cab, there is a tacking station 

that assembles the cab frame.  The tacking stations require 2 people to finish a cab frame in 1 

hour.  Consequently, we require 64 (32 hrs required / 8 hrs per day × 16 cabs required) cab 

stations, instead of 40, with 190 people working those stations.     
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   Each body takes 128 man-hours to fabricate as opposed to our original 80 man-hours.  

However, BWW wanted us to use up to 4 workers per body to decrease the time so that, like 

the cab, it takes 32 hours to complete.  Just as with the cab, there are tacking stations that 

precede welding where the body frames are assembled.  The tacking stations will require 3 

workers to complete a frame in 2.5 hours.  Therefore, we will need 64 (same math as the cab) 

stations, instead of 54, with 251 workers tasked to meet production.  The impacts of the new 

sub-assembly data extend beyond welding, so the following section is dedicated to that new 

information and resulting changes. 

   We determined that a buffer station between each welding station was not necessary.  The 

buffer stations in the new layout are located after every third station in the cab and body 

welding lines.  

 

6.2 SUB-ASSEMBLIES 

   In our initial research and analysis, we understood sub-assemblies to be the set of small 

parts not included in the parts for the cab, body, or front end.  That set of parts included the 

interior panels.  We have since identified the exact parts that make up the sub-assemblies.  

Sub-assemblies are composed of the following three main components: outside window 

armor (6 per vehicle), window boxes (we assumed the amount to be equal to the 6 per vehicle 

of the outside window armor), and the top hat (a part that fixes to the top of the vehicle).  The 

interior panels are no longer included in the set of sub-assemblies.  They are now separate 

and fall under their own processing.  The following sub-sections indentify and describe the 

areas affected by the changes associated with our new designation of sub-assembly parts. 
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6.2.1 WELDING 

   As for the affect of the new sub-assembly set on the welding process and area, the outside 

window armor and window boxes must be welded then dressed and ground.  A set of 

window armor fittings take 1 person 8 hours to weld.  It then takes an additional 8 hours for 

one person to dress and grind those pieces.  Assigning 2 workers to each set of window 

armor fittings, the job requires 8 (8 hrs required / 8 hrs per day × 16 sets of window armor 

fittings / 2 welders per set) welding stations with 2 welders at each (16 welders) and 8 dress 

and grind stations with 2 workers at each (16 workers) in order to meet production.  The 

window boxes are fabricated in a similar process.  It takes 1 person 8 hours to weld a set of 

window boxes and 4 hours to dress and grind the boxes.  Consequently, we propose 8 (8 hrs 

required / 8 hrs per day × 16 sets of window boxes / 2 welders per set) window box welding 

stations with 2 welders at each (16 welders) and 4 (4 hrs required / 8 hrs per day × 16 sets of 

window armor fittings / 2 welders per set) window box dress and grind stations with 2 

workers at each (8 workers).  To fabricate a top hat, it takes 1 person 2 hours.  We will 

require 4 (2 hrs required / 8 hrs per day × 16 top hats) stations with 1 person at each (4 

welders) to meet the production goal.  

 

6.2.2 PAINTING 

   Fitting the windows into the window boxes is a time intensive process.  In order to get the 

windows ready for installation in the trim section, it will be more time efficient to paint the 

window boxes immediately following the weld process.  Painting the window early in the 

process allows us to fit the glass into the boxes as a parallel process while the rest of the 

vehicle is being assembled.  With this in mind, we decided that to add a sub-assembly paint 
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booth after the sub-assembly welding section.  All sub-assemblies will be painted in this 

paint booth.  However, while the outside window armor and the top hats will be routed 

directly to the trim stations, the window boxes will move on to a separate window fitting 

station (detailed later).  4 (2 hrs lower bound required / 8 hrs per day × 16 sets of sub-

assemblies) vehicles worth of sub-assembly parts will be painted at a time.  The process 

requires the following times: 2 hours preparation, 2 hours prime, 1.5 hours dry, 2 hours paint, 

and 1.5 hours dry.  There are a total of 6 workers needed to man the sub-assembly paint 

station. 

   The paint booth that we designated for sub-assemblies in the previous proposals and 

layouts (the paint booth running parallel to the vehicle paint booths – incorrectly labeled 

“sub-assembly line” in the drawing) will now be used to paint the interior panels only.  There 

are 42 pieces included in one set of interior panels.  Currently, those 42 pieces fit on 10 to 12 

racks.  We used 10 racks as a planning size and assume that the space requirement will still 

decrease as a result of the material handling techniques we will implement.  The times and 

manpower requirements for that paint booth remain unchanged. 

 

6.3 INSULATION 

   The United States Military requires that the interior area of any vehicle meant to hold 

passengers receive a coating of KEFA insulation.  KEFA is a coating that, when applied to 

metal in a thin layer, has a noise dampening effect and helps control condensation.3  This 

coating process has a significant effect on the production line.  As dictated by the new 

requirement, the body and the cab will receive the KEFA insulation.  The front end parts do 

not require the insulation.  However, front end parts do require priming on both sides.  The 
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additional primer coat must be applied to the necessary parts prior to the decking process.  

The times associated with the insulation and priming are shown in Table 3 below. 

 

Table 3: BWW time allocations for operations associated with and affected by the KEFA insulation process 
(hours). 

 

Front End 1.0 0.5 1.5 0.5 2.0

Cab 1.0 0.75 1.5 1.0 2.0

Body 2.0 2.0 1.5

Primer Dry

KEFA 

Insulation Cure   Prep    Prime

 

 

Based on the figures in Table 3, and using paint booths of the same type as the paint process, 

we will need 2 paint booths placed after the Decking Station.  One of those paint booths will 

be the same size as those used at the Paint Station; wide enough to accommodate 2 vehicles.  

The other will be a little wider so that it can also fit a line for the front end parts.  The cab 

and body will have already been joined to the chassis so times for priming and KEFA coating 

of the body are the lower bounds and we will use those times as the rates at which to move 

the vehicle through the system.  The maximum time required in the insulation process is the 

2 hours needed for the KEFA to cure.  We determined the need for 2 booths (16 vehicles 

required per day / 4 cycles per booth per day / 2 vehicles per cycles).  Feeding 4 (2 hrs lower 

bound required / 8 hrs per day × 16 sets required) sets of front end parts through the one line 

for priming will also meet the production rate.   

   Prior to the actual primer and insulation processes, all parts require preparation.  It takes 2 

man-hours to prepare a single vehicle, cab and body, for interior insulation.  We will need 2 

workers at each of 2 insulation-prep stations (total 4 workers) to average an output of 1 
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vehicle every 0.5 hours.  2 separate stations are required to enable the batching necessary to 

feed our two 2 vehicle paint style booths previously described.  The front end parts take 2 

man-hours to prepare for priming.  We will need another 2 stations with 2 workers at each to 

match the rate at which the vehicles will come out of insulation.  We did not account for 

these preparation stations in our flow diagram or drawing.  However, we were confident we 

could make room for the preparation process in this area of the facility. 

 
 

Figure 18: Painting of blast skirt (included in the group of front end components). 

 
 

6.4 DECKING 

   Based on the priming and KEFA insulating process described in the previous section, it is 

evident that we have separated decking into two distinct operations.  As mentioned, the cab 
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and the body will be attached to the chassis prior to receiving the KEFA insulation.  This 

decking facilitates movement through the insulation booths.  We have allocated 2 decking 

stations prior to the insulation booths in order to meet the production rate of the system.  This 

is possible because it takes 2.5 man-hours to deck the cab and the body.  Allocating 3 

workers per decking station will decrease the decking time to less than 1 hour.  Therefore, the 

decking of the cab and body will not exceed the 2 vehicle per hour rate at which the vehicles 

move through the insulation process. 

   The front end components must be decked in a separate process because the inside and 

outside of all of those pieces must receive a primer coat.  It is not practical to attempt to 

prime the front end parts after they have been attached to the vehicle.  The front end 

components meet up with the rest of the vehicle at the decking stations on the other side of 

the insulation paint booths.  The time to complete decking of the front end components 

increased from 1.5 hours to 6 hours.  According to that new figure, we will need to plan for 

12 (6 hrs required / 8 hrs per day × 16 front ends required) front end decking stations to meet 

production.  Notice in the drawing, in Figure 5, that there are only 4 front end decking 

stations.  Although we believe process improvement will reduce the requirement for these 

decking stations, 4 stations is extremely low for planning purposes and seems to be an 

obvious error.   

 

6.5 WINDOW FITTING 

   Along with the addition of the sub-assembly paint booth that follows welding, we have also 

added a window fitting station that follows the new paint station.  The armored glass must be 

fitted into the fabricated window boxes prior to moving to the trim station.  Light-duty cranes 



 

 41 

will facilitate the completion of this operation due to the weight of the armored glass.  Each 

front windshield weighs approximately 400 pounds.  It takes 2 people 8 hours to fit a set of 

glass into the window boxes.  At this window fitting station, we will need 32 (2 people per 

set / 8 hrs per day × 8 hrs required ×16 sets of glass) to meet production.  Depending on the 

time needed to let the epoxy settle, we may be able to decrease this personnel requirement by 

using flex workers. 

 

Figure 19: Armored glass enclosed in its frame. 
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7 UPDATED LAYOUT 

   We adjusted our initial flow diagram and plant drawing so that they reflected the most 

recent calculations described in the previous sections.  The diagram and drawing can be 

viewed below as Figure 20 and 21, 

respectively.
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Figure 20: Illustrates general routing of material through the production process based on the information 
available during adjusted analysis. 
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Figure 21: AutoCad drawing of plant layout after based on adjusted analysis. 

 

Notice the addition of the sub-assembly paint booths and separation of the front end welding 

stations delineating the stations for the different parts.  At this point, further research was still 

necessary before making any further adjustments to the trim stations.   
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8 ADDITIONAL INFORMATION (NOT IMPLEMENTED) 

 

8.1 TEST STATION AND HARNESS FABRICATION 

   According to the notes from the August 24th, 2007 visit to BWW, Appendix G, we were to 

consider a final test station in our calculations and revised drawing.  We did not have any 

time figures or personnel requirement for the test stations. However, we assumed that the 

time required would be less than the 3 hours allocated for a single vehicle at each of the 

harness fabrication stations.    

   On a research trip to BWW, we also gained further knowledge about the harness 

fabrication process which required the two parallel stations at the end of the trim stations.  

Harness fabrication is not a process which takes place out on the factory floor.  The wiring 

harnesses are fabricated in a wiring room inside of the facility.  The fabricated wiring harness 

is then installed into the vehicle during the trim process.  The fabrication of wiring harnesses 

does not have to be a process included in overall production of the facility.   

   Future implementation of the findings discussed in the previous two paragraphs will result 

in the reassignment of the harness fabrication stations at the end of the trim lines.  Those 

stations will be replaced by test stations following each of the trim lines for a total of 8 final 

test stations.  Personnel requirements must be determined and further research is necessary to 

confirm our time requirement assumption.  Also, space must be allocated in the facility, or 

elsewhere, for BWW to produce the wiring harnesses and deliver them to the trim stations. 
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8.2 VEHICLE MODIFICATIONS 

   As the military does with many of its vehicles, the MRAP vehicles will have a standard 

package and modified versions.  The modifications will be fitted by the manufacturer.  As a 

result, BWW must consider plans for such modifications in their process.  Two of the 

modifications we have information about are the possible addition of a turret to the top of the 

vehicle and a fork mounted to the side of the vehicle and capable of extending well forward 

of the vehicle.  BWW has added turrets to the tops of several vehicles but the process by 

which BWW added the turrets was not well documented.  The modifications will occur as 

part of the trim process.  We must ensure the proper assets are available at the trim stations 

so that the modification parts can be lifted and added onto the vehicles somewhere during the 

trim process.  We do not have time estimates for the modifications so we cannot begin to 

assume where in the process the parts should be attached. 

 

Figure 22: View of small turret from the top. 

 
 



 

 46 

 
 
Figure 23: Interior view of installation of motorized turret. 

 
 

 

8.3 LAYOUT INPUT FROM BWW 

   Two major criticisms were noted as a result of input received from BWW employees.  The 

two comments both brought about material handling issues but one was mainly the result of 

the structural layout of the plant and the other related directly to the setup of the production 

line. 

   First, when we began drawing the production line inside of the plant, we placed strong 

emphasis on the receipt of steel via rail.  As previously mentioned, all steel is currently 

received via trucks.  We assumed that rail would be the preferred method of steel shipments 

based on the large quantity demanded by the increased production.  Ideally, we would have 

been able to begin the production line in a location near to the rail and the truck docks.  

However, based on the building structure, we were not able to design a layout that met that 

desire.  We, therefore, began the production line near the rail.   

   While we assumed the steel would likely arrive via rail, the majority of the raw materials 

would still arrive via truck shipments.  The building’s structure creates an issue with any 

truck shipments.  The trucks docks are setup so that, when docked, a truck is not backed up 
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to the building in a perpendicular manner.  The docks force trucks to maneuver in so that 

they are basically parallel to the outer wall of the building, see Figure 24. 

          

 
 

Figure 24: Arrow depicts approximate location of production line start.  Notice position of trucks in docks (in 
circle). 

 

   We could consider rearranging the layout so that the process begins near the current dock 

locations.  Another option is to design and implement material handling devices that would 

facilitate raw material delivery to an appropriate storage area.  However, movement of the 

steel sheets from the truck docks to the cutting stations at the start of the production line 

would still cause a major issue.  The steel handling problem coupled with the truck docking 

issue leads us to think that research and cost benefit analysis is necessary to determine if and 

where alternate docks should be built into the plant.  We should consider several dock 

locations so as to account for any possible changes in the layout of the production line within 

the building. 
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   Next, a BWW employee brought to our attention the fact that a good production line allows 

material to flow into the system from at least two directions.  The current setup of the facility 

only allows for material to flow in the direction the line moves.  All other material would 

have to be stored near the station at which it is required.  This lack of flexibility with the flow 

of material could definitely cause problems once production begins.  However, adjusting the 

layout to eliminate that problem would require the creation of an entirely new layout.   
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9 CONCLUSION  

   BWW challenged us with that task of developing a production facility that could meet or 

exceed the output rate necessary to fulfill the 4100 vehicle per year requirement of the 

MRAP contract.  Considering unlimited funds and resources, the remaining constraint was 

space.  Through our analysis of the process, calculations to determine the resources required, 

and use of AutoCad to produce scaled drawings of possible layouts, we determined that the 

facility BWW intended on leasing was adequate for production of the entire contract. 

   Leaders from BWW were very satisfied with the final analysis and layout we provided.  

They were able to use the products to present to the contracting officials.  As a result, 

BWW’s bid for the MRAP contract was accepted.  BWW now waited to find out what, if 

any, portion of the contract they were going to receive.   

   After weeks of waiting for a reply from the United States contracting agency in charge of 

MRAP acquisition, BWW came to the conclusion that they were not going to receive the 

entire contract.  In fact, the portion of the contract for which BBW considered itself eligible 

was small enough to now deem the plans for the large facility null.  As BWW awaited word 

on the awarding of the contract, the process was continually changing.  The lack of utility for 

the large facility layout coupled with the constant changes served as the reasons why we did 

not further analyze or implement the necessary adjustments to account for the additional 

information and the input from the BWW employees.   
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10 FUTURE WORK 

   Having scrapped the plan for MRAP production in the larger facility, we switched focus to 

maximizing the production capacity of the BWW manufacturing facility.  During the time we 

spent analyzing the system and creating the layout for the large facility, BWW continued 

producing test vehicles.  The demand for these vehicles had increased and remained fairly 

constant.  BWW was sending many of the vehicles to the frontlines of the War on Terrorism 

to receive real-world testing and obtain feedback from the troops.  As a result of this constant 

demand, many of the production process flaws were eliminated.  However, production was 

still not at an optimal level.  The setup of the facility required further analysis.  The process 

was still changing.  These changes were the result of the process improvements, continued 

testing, troop feedback, and many changes to the required vehicle safety specifications.  The 

analysis would likely require additions to the current facility.  In January 2008, we made a 

trip to BWW to gain further information pertaining to their manufacturing facility.  From 

there, we began work to devise a setup that would maximize BWW’s production output of 

MRAPs from their current facility. 
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  Time estimates for each of the process associated with the construction of the [MRAP] have 
been provided.  They are based on [BWW’s] experience in producing approximately 6-10 
[MRAP] armored vehicles.  We would expect that the actual time to perform the vast 
majority of the processes will decrease over time as personnel are trained and process 
improvements are implemented.  In terms of the trim line, we have performed line balancing 
using only a single feasible ordering of the jobs as a precedence network for the jobs has yet 
to be developed.  This is also true of each of the manufacturing processes.  Working off of 
the current scenario of producing 16 vehicles per day, we have developed a manufacturing 
process plan that will meet the desired output.  This process uses the manufacturing stations 
used in the current production of the vehicle with altered personnel and station numbers.  
Throughout this document, one assumption that continues is a decrease in the time it takes to 
complete a process with an increase in the number of personnel assigned to that process. 

CUTTING:  The 1st manufacturing process is the cutting of the steel used to build the 
vehicle.  There are two different cutting operations.  One cutting operation utilizes plasma 
cutters.  It takes 8 hours for one plasma cutter to complete the steel required to build one 

vehicle.  To meet output requirements, we need to use 16168/8 =⋅  plasma cutters. 

For more dimension critical pieces, a laser cutter is used.  It takes 2.5 hours for one laser 
cutter to complete the steel required to build one vehicle.  To meet output requirements, we 
need to use 5 laser cutters. 

WELDING:  The 2nd manufacturing process is the fabrication (welding) of the vehicle body 
parts.  Welding is divided into 4 areas: engine compartment, cab, body, and sub-assemblies. 

It takes 24 man-hours to weld one engine compartment.  It then takes 3 man-hours to bolt on 

the components.  Therefore, we require 48168/24 =⋅  engine compartment welding stations 

and 6168/3 =⋅  engine bolting stations to meet production. 

The cab requires 40 man-hours to weld.  It is possible to use two welders to work on each 

cab.  Using 80 welders at 40162/8/40 =⋅  stations, cab welding output can be met. 

Each body requires 80 man-hours to complete welding.  It is possible to use up to 3 workers 
per body to decrease the time as needed.  Therefore, using 160 welders, we can meet 

production needs with 5433.53163/8/80 ≅=⋅  body welding stations. 

Sub-assemblies require 80 man-hours to complete enough for one vehicle.  The number of 
sub-assembly welding stations and the exact welding time at each depends on the number of 

actual sub-assemblies.  Welding of the sub-assemblies requires 160168/80 =⋅  welders to 
meet production.  We have used 3 welders on each sub-assembly station resulting in 54 
stations. 

QA:  Each chassis used to create the vehicle goes through a QA process prior to decking.  A 
portion of the QA process will take place outside of the manufacturing facility.  As a result, it 
is not clear whether QA needs its own specific station.  However, we know that, with a 2.5 

hour completion time, it will take 5168/5.2 =⋅  QA workers to meet the required output rate. 

DECKING:  The decking process is the first in the assembly line operation.  Decking is 
divided into the following 3 assembly operations: front end, cab, and body.  The entire 
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decking process needs to produce 1 vehicle every 0.5 hours to meet the output rate.  It takes 
1.5, 1, and 1.5 man-hours to complete front end, cab, and body decking, respectively.  
Therefore, using one decking line, we need 3 workers on front end decking, 2 workers on cab 
decking, and 3 workers on body decking for a total of 8 workers decking (this does not 
include material handling people). 

QC:  We are unaware of what the QC process prior to paint prep entails.  However, we know 
that it takes 4 hours to QC one vehicle.  We recommend 8 QC stations with 1 worker at each 
to meet production. 

PAINT PREP:  The paint preparation rate is dictated by the paint process.  It takes 5.5 man-
hours to prepare a single vehicle for painting.  We will need 3 workers at each of 4 paint-prep 
stations (total 12 workers) to output an average of 1 vehicle every 0.5 hours.  4 separate 
stations are required to enable the batching necessary to feed our two 2 vehicle paint booths 
described in the next section. 

Assuming a time of 1.5 to prep 1 vehicle worth of sub-assemblies, we determined the need 
for 3 workers at 1 prep station to feed the sub-assembly paint booth. 

PAINT:  The concept of paint process is comprised of a four cell (prime, dry, paint, dry - in 
series) operation taking place in one paint booth/oven housing.  We determined it necessary 
to construct 3 paint booths (2 for vehicle and 1 for sub-assemblies).  During the paint 
process, vehicles will be batched so that 2 vehicles enter each stage simultaneously.  The first 
cell in the process is for priming the vehicle.  It takes 2 hours to complete this priming 
process on one vehicle.  We will need one worker priming each of 4 vehicles for a total of 4 
workers priming.  The vehicles will then enter the next cell, drying, where no man power is 
necessary for approximately 2 hours (minimum 1.5).  Following the drying of the primer, the 
vehicles will move to be painted.  It takes 3.5 hours to paint a single vehicle.  In the paint 
booth, we will need to assign 2 painters per vehicle for a total of 8 painters ( to maintain a 
cycle time of less than 2 hours).  Finally, the vehicles will move into the paint drying cell of 
the booth where they will remain for 1.5- 2.0 hours before moving into the queue for the trim 
station.  The entire vehicle paint process produces, on average, 2 vehicles per hour. 

It takes 6 and 8 hours to prime and paint, respectively, the sub-assemblies for one vehicle.  
To meet the required production rate, we will need to push 4 vehicles worth of sub-
assemblies through the sub-assembly paint booth every 2 hours.  This requires 12 painters 
priming and 16 painting.  The parts will spend 2 hours in each of the four cells.  Since the 
hours include material handling, and it is expected that the pieces will be suspended from an 
overhead conveyor, we assume that some of these people will not be in the paint booth.  In 
addition, it is expected that these numbers will decrease due to efficiencies accrued from the 
material handling system. 

 

TRIM 

Our original assumption, when working with the trim line processes provided by [BWW], 
was that each process had precedence over the next.  We then ordered each of the 51 trim 
operations sequentially and divided them into interior and exterior operations.  Once divided 
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into interior and exterior operations, we applied a logical approach to determining what 
operations had to remain sequential while trying not to disturb the given order.  Due to the 
space constraints on the inside of the vehicle, we assumed that, in most cases, a maximum of 
two workers could work on interior tasks simultaneously. 

The total time to complete the trim operation is 53.3 hours.  We determined it optimal to 
divide trim into 8 stations and run 4 trim lines.  Each station will take no longer than 2 hours 
to complete.  It takes 9 man-hours to complete the task of fabricating the harnesses alone and, 
as a result, it is necessary to add harness fabrication as its own separate at the end of the trim 
process.  We will need 2 harness stations, operating in parallel, for every 1 trim line for a 
total of 8 harness fabrication stations.  The breakdown of 1 trim line (stations 9 – 16 followed 
by 2 harness fabrication stations) is attached as Appendix A.  The total time, in hours, is 
documented next to each task and Station. 
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Operation 

Number Description

Allocated 

Time (hrs)

Interior/ 

Exterior

Operation 

Number Description

Allocated Time 

(hrs)

Interior/ 

Exterior

1 Run wires for Ext. lights 0.4 Int 6 Run Int. wires 0.4 Int

3 Install Fibertec in panels 1.5 Int 12 Inner panels, Fibertec 1.5 Int

2 Install Fibertec in lockers 0.5 Ext

4 Hook up gas tank hoses/Fillerpipe 0.5 Ext

7 Install Wiper motor (fitting) 0.4 Ext

9 Install Wall Panels 1.25 Int 9 Install Wall Panels 1.25 Int 

5 Install rear blowers 0.5 Int 8 Run Cab Harness (gps,go-light) 0.6 Int 

17 Install Blasts skirts 1 Ext 10 Install Front Bumper/Winch/Emblem 1 Ext

18 HVAC Engine 0.4 Ext 11 Blackout front lights 0.3 Ext

19 Washer pump 0.3 Ext

13 Ceiling and Side panels 1.5 Int 14 Interior wires (swivel) 0.3 Int 

15 Right Hand Harness 0.4 Int 16 Dress DOT wiring 1.7 Int 

22 Install Exhaust System 0.2 Ext 22 Install Exhaust System 0.2 Ext

25 Windshield and Fibertec 1 Ext 25 Windshield and Fibertec 1 Ext

30 Exterior DOT Wiring 0.75 Ext 30 Exterior DOT Wiring 0.75 Ext

21 Install Gun ports 1 Int 24 Install right and left IP 1 Int 

27 Install R/S AC Duct 0.8 Int 29 Install L/S AC Duct 0.8 Int 

31 Side Glass 0.5 Ext 31 Side Glass 0.5 Ext

32 Windshield Glass 0.35 Ext 32 Windshield Glass 0.35 Ext

33 Door Glass/Mirrors 0.4 Ext 33 Door Glass/Mirrors 0.4 Ext

36 Door Latches 0.5 Ext 23 Air intake Fender 0.5 Ext

26 Wall Panels/Raceway 1.25 Int 26 Wall Panels/Raceway 1.25 Int 

28 Front Blower/Left Console 0.7 Int 35 Interior Lighting 0.7 Int 

20 Air Horn 0.3 Ext 31 Side Glass 0.5 Ext

34 Install Battery Cables 0.3 Ext 32 Windshield Glass 0.35 Ext

37 Door Rubbers 0.8 Ext 33 Door Glass/Mirrors 0.4 Ext

38 Washer Bottle Wire 0.6 Ext 23 Air intake Fender 0.5 Ext

41 Install Flooring and Seats 0.75 Int 41 Install Flooring and Seats 0.75 Int 

43 Mount Dash Items 0.35 Int 43 Mount Dash Items 0.35 Int 

39 Exterior Utility Lighting 0.75 Ext 39 Exterior Utility Lighting 0.75 Ext

40 Install Wiper Arm and Hose 0.15 Ext 40 Install Wiper Arm and Hose 0.15 Ext

44 Final Electrical Wiring 1.5 Int 44 Final Electrical Wiring 1.5 Int 

45 Electrical Testing 0.5 Int 45 Electrical Testing 0.5 Int 

42 A/C Evac and Fill 1.2 Ext

47 Adjust Wiper Arm 0.3 Ext

48 Wind Wire On Winch 0.3 Ext

46 Button Up All Dash and Ducts 1.3 Int 

49 Headlight Cover Brush Bar (rear) 0.3 Ext

51 Install Inverter 0.3 Ext

50 Fabricate Harnesses 3 Int 50 Fabricate Harnesses 3 Int 

50 Fabricate Harnesses 3 Int 50 Fabricate Harnesses 3 Int 

50 Fabricate Harnesses 3 Int 50 Fabricate Harnesses 3 Int 

Station 10 (1.85 hrs)

Person 1 (1.75 hrs) Person 2 (1.85 hrs)

Person 1 (1.9 hrs) Person 2 (1.9 hrs)

Person 3 (1.4 hrs)

Station 9 (1.9 hrs)

Station 12 (1.8 hrs)

Person 1 (1.8 hrs) Person 2 (1.8 hrs)

Person 3 (1.4 hrs) Person 4 (1.6 hrs)

Station 11 (2 hrs)

Person 1 (1.9 hrs) Person 2 (2 hrs)

Person 3 (1.75 hrs) Person 4 (1.75 hrs)

Station 13 (2 hrs)

Person 1 (1.95 hrs) Person 2 (1.95 hrs)

Person 3 (2 hrs) Person 4 (1.75 hrs)

Station 14 (2 hrs)

Person 1 (2 hrs) Person 2 (2 hrs)

Person 1

Person 2

Person 3

Station 16 (1.9 hrs)

Harness Station 1 (3 hrs) Harness Station 2 (3 hrs)

Person 1

Person 1 (1.9 hrs)

Person 3 (1.95 hrs) Person 4 (1.95 hrs)

Person 3 (1.8 hrs)

Station 15 (2 hrs)

Person 1 (2 hrs) Person 2 (2 hrs)

Person 2

Person 3
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APPENDIX B: WEEK 3 ADDITIONS AND CHANGES TO INITIAL  

       SUBMISSION 

 
 
   Research into the operations involved in producing the [MRAP] has yielded more data that 
has enabled our team to provide further detail for the production proposal.  The majority of 
the data affects the welding and paint processes.  However, it has also allowed us to clarify 
some areas of the process that were a bit vague. 
 
GENERAL INFORMATION 
   Sub-Assemblies: 
   We have identified the specific parts we include in the subset referred to as “sub-
assemblies. The following may not be all inclusive and may not refer to the parts by their 
technical names.  However, below are the main items we will refer to as sub-assemblies: 
 
Outside Window Armor (set of 6 per vehicle) 
Window Boxes (assumed set of 6 per vehicle) 
Top Hat 
 
   [BWW] provided us with fabrication and preparation time estimated for the above listed 
items.  The resources required, as a result, are detailed below. 
 
WELDING 
   The outside window armor and window boxes must be welded then dressed and grinded.  
A set of window armor fittings takes 1 person 8 hours to weld.  It then takes an additional 8 
hours for one person to dress and grind those pieces.  Assigning 2 workers to each set of 
window armor fittings, the job requires 8 welding stations with 2 workers at each (16 
welders) and 8 dress and grind stations with 2 workers at each (16 workers) in order to meet 
production.  The window boxes are fabricated in a similar process.  It takes 1 person 8 hours 
to weld a set of window boxes and 4 hours to dress and grind the boxes.  Consequently, we 
propose 8 window box welding stations with 2 workers at each (16 welders) and 4 window 
box dress and grind stations with 2 workers at each (8 workers).  To fabricate a top hat, it 
takes 1 person 2 hours.  We will require 4 stations with 1 person at each (4 welders) to meet 
the production goal. 
 
PAINT 
   Sub-Assemblies 
   Fitting the windows into the window boxes is a time intensive process.  In order to get the 
windows ready for installation in the trim section, it will be more time efficient to paint the 
window boxes immediately following the weld process.  Painting the window early in the 
process allows us to fit the glass into the boxes as a parallel process while the rest of the 
vehicle is being assembled.  With this in mind, we decided that we should add a sub-
assembly paint booth after the sub-assembly welding section.  All sub-assemblies will be 
painted in this paint booth.  However, while the outside window armor and the top hats will 
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be routed directly to the trim stations, the window boxes will move on to a separate window 
fitting station (detailed below).  4 vehicles worth of sub-assembly parts will be painted at a 
time.  The process requires the following times: 2 hours preparation, 2 hours prime, 1.5 hours 
dry, 2 hours paint, 1.5 hours dry.  There are a total of 6 workers needed to man the sub-
assembly paint station. 
    
   Interior Panels: 
   The paint booth that we designated for sub-assemblies in the previous proposals and 
layouts (the paint booth running parallel to the vehicle paints booths) will now be used to 
paint the interior panels only.  There are 42 pieces included in one set of interior panels.  
Currently, those 42 pieces fit on 10 to 12 racks.  We used 10 racks as a planning size and 
assume that the space requirement will still decrease as a result of the material handling 
techniques we will implement.  The times and manpower requirements remain unchanged. 
 
WINDOW FITTING 
   Along with the addition of the sub-assembly paint booth that follows welding, we have also 
added a window fitting station that follows the new paint station.  The armored glass must be 
fitted into the fabricated window boxes prior to moving to the trim station.  It takes 2 people 
8 hours to fit a set of glass into the window boxes.  At this window fitting station, we will 
need 32 workers in this station to meet production.  Depending on the time needed to let the 
epoxy settle, we may be able to decrease this personnel requirement.   
 
   Further research is needed into the trim process in order to optimize and complete this 
production process. 
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APPENDIX C: CORRESPONDENCE FROM BWW VP OF 

MANUFACTURING (ANSWERS TO QUESTIONS    

RELATING TO PROCESS TIMES) 
 

 

Data Questions for [BWW] 

 
We need estimates of the time to do certain tasks.  We would like the time it actually takes 
now and an estimate (however you can do this) of the time it will take when you get into 
production.  These numbers are important for estimating line capacity.  It is important to get 
in the ballpark, but not critical to be +or- 2%. 
 

Cutting 

Plasma:  total time to cut the parts/vehicle 
   
The total time to cut a full vehicle parts on the plasma is 8.0 hours 
 
Laser:  total time to cut the parts/vehicle 
 
The time for the current parts cut on the laser is 2.5 hours. A laser cuts 25% slower but the 
cuts are much more precise 
  

Welding 

Engine compartment:  total time to position and weld the parts/engine compartment 
 
It takes 24 hours to weld the assemblies that are bolted on. It takes 3 hours to bolt on the 
components. 
 
Cab:  total time to position and weld the parts/cab 
 
It takes 40 hours to sub assemble and weld the cab 
 
Body:  total time to position and weld the parts/body 
 
It takes 80 hours to sub assemble and weld the body 
 
Sub-assemblies:  total time to position and weld the parts/vehicle 
 
It takes 80 hours to assemble and weld all of the sub components  
 

Decking 

Total time to deck the engine compartment, the cab, and the body 
 
It takes the following times to deck and secure the units: 
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Cab 1.0 hour 
Body 1.5 hour 
Front end 1.5 hour 
 

QA 

How much time to perform QA on the chassis prior to decking 
 
It takes 2.5 hours to check items  
 
How much time to perform QA on the assembly after decking 
 
It takes 4.0 hours to QC after decking 
 

Painting 

How much time for paint prep on vehicle 
 
It takes 5.5hours to prep 
 
How much time to paint primer on vehicle 
 
It takes 2.0 hour to prime 
 
How much time to paint final coat on vehicle 
 
It takes 3.5 hours to paint 
  
How much time to paint primer on subassemblies 
 
It takes 6 hours to prime the sub assemblies 
  
How much time to paint final coat on subassemblies 
 
It takes 8.0 hours to paint the sub assemblies 
 
How many vehicles worth of subassemblies will you put in the booth to paint?  
The small parts should be painted in a separate small parts boot. The quantities are driven by 
the order worst case 16 per day of each vehicle. Most likely 16 units a day 
 

General 

Are windows attached in decking or after painting? 
 
The window assemblies are put in after paint. 
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Layout Questions for [BWW]: 

Dimensions of each model: 

Length, Width, Height 
Small vehicle:  
 
 22 feet long, 102 inches wide 112 inches high 
 
Large vehicle: 
  
26 feet long, 102 inches wide 112 inches high 

Dimensions of modules for each model: 

 

 Cab dimensions (assume all cabs are the same size) 
 
All of the cabs are the same size  
 
96”x80”x88” 
 
 Engine/Front end weldment(s) dimensions (assume all front ends are the same size) 
 Assembled the unit is 97”x81” 48” 
 
 For each model - Body dimensions 
  Small vehicle 97”x 101”x 88” 
  Large vehicle 97”x  163”x 88” 

Other; 

I estimated the cranes to be 28’ long x 30’ wide.  Is this correct?  Is this a good working 
envelope for decking?  Will this work well for the larger models? 
What is the current paint booth size?  Is the paint booth adequate for all models? 
We discussed plasma arc and laser cutting CNC machines with several table sizes.  The 
largest is 8’x24’ on at least one plasma arc machine.  The other machines can be smaller. 
What other table sizes do you currently run?  What is the maximum required laser table size? 
 
Yes you are correct on the cranes. Yes it works well for decking. For decking the larger body 
you may need to increase by a couple of feet. We have the 8’x 24’ and 8’ x 20’. We could 
use a laser that takes 4’x8’ sheets of multi sized steel.    
 

General question: 

What version of AutoCAD do you use?  
 
We use Solidworks as the engineering system 
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APPENDIX D: ORIGINAL TRIM STATIONS FROM BWW 
 

 
Sequence of 

Operations Description

Allocated 

Time (hrs)

Sequence of 

Operations Description

Allocated 

Time (hrs)

Station 9 Station 11

1 Run wires for Ext. lights 0.4 1 Windshield and Fibertec 2

2 Install Fibertec in lockers 0.5 2 Wall Panels/Raceway 2.5

3 Install Fibertec in panels 1.5 3 Install R/S AC Duct 0.8

4 Hook up gas tank hoses/Fillerpipe 0.5 4 Front Blower/Left Console 0.7

5 Install rear blowers 0.5 5 Install L/S AC Duct 0.8

6 Run Int. wires 0.4 6 Exterior DOT Wiring 1.5

7 Install Wiper motor (fitting) 0.4 7 Side Glass 1

8 Run Cab Harness (gps,go-light) 0.6 8 Windshield Glass 0.7

9 Install Wall Panels 2.5 9 Door Glass/Mirrors 0.8

10 Install Front Bumper/Winch/Emblem 1 10 Install Battery Cables 0.3

11 Blackout front lights 0.3 11 Interior Lighting 0.7

Total Hours 8.6 12 Door Latches 0.5

13 Door Rubbers 0.8

Station 10 14 Washer Bottle Wire 0.6

1 Inner panels, Fibertec 1.5 15 Exterior Utility Lighting 1.5

2 Ceiling and Side panels 1.5 16 Install Wiper Arm and Hose 0.3

3 Interior wires (swivel) 0.3 17 Install Flooring and Seats 1.5

4 Right Hand Harness 0.4 Total Hours 17

5 Dress DOT wiring 1.7

6 Install Blasts skirts 1 Station 12

7 HVAC Engine 0.4 1 A/C Evac and Fill 1.2

8 Washer pump 0.3 2 Mount Dash Items 0.7

9 Air Horn 0.3 3 Final Electrical Wiring 3

10 Install Gun ports 1 4 Electrical Testing 1

11 Install Exhaust System 0.4 5 Button Up All Dash and Ducts 1.3

12 Air intake Fender 0.5 6 Adjust Wiper Arm 0.3

13 Install right and left IP 1 7 Wind Wire On Winch 0.3

Total Hours 10.3 8 Headlight Cover Brush Bar (rear) 0.3

9 Fabricate Harnesses 9

10 Install Inverter 0.3

Total Hours 17.4
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APPENDIX E: ATTEMPT TO REBALANCE TRIM STATIONS USING 

      4 THRU 7 STATIONS AND SUMMARY STATISTICS 

 

 
SUMMARY STATISTICS 

Hours Current 4 Stations 5 Stations 6 Stations 7 Stations

Minimum 8.6 12.5 10.1 8.1 6.7

Median 13.33 13.33 10.66 8.89 7.62

Maximum 17.4 14 11.1 9.3 9.3  
 

 
4 STATIONS 
Sequence of 

Operations Description

Allocated 

Time (hrs)

Sequence of 

Operations Description

Allocated 

Time (hrs)

Station 9 Station 11

1 Run wires for Ext. lights 0.4 1 Side Glass 1

2 Install Fibertec in lockers 0.5 2 Windshield Glass 0.7

3 Install Fibertec in panels 1.5 3 Door Glass/Mirrors 0.8

4 Hook up gas tank hoses/Fillerpipe 0.5 4 Install Battery Cables 0.3

5 Install rear blowers 0.5 5 Interior Lighting 0.7

6 Run Int. wires 0.4 6 Door Latches 0.5

7 Install Wiper motor (fitting) 0.4 7 Door Rubbers 0.8

8 Run Cab Harness (gps,go-light) 0.6 8 Washer Bottle Wire 0.6

9 Install Wall Panels 2.5 9 Exterior Utility Lighting 1.5

10 Install Front Bumper/Winch/Emblem 1 10 Install Wiper Arm and Hose 0.3

11 Blackout front lights 0.3 11 Install Flooring and Seats 1.5

12 Inner panels, Fibertec 1.5 12 A/C Evac and Fill 1.2

13 Ceiling and Side panels 1.5 13 Mount Dash Items 0.7

14 Interior wires (swivel) 0.3 14 Final Electrical Wiring 3

15 Right Hand Harness 0.4 Total 13.6

16 Dress DOT wiring 1.7

Total 14 Station 12

1 Electrical Testing 1

Station 10 2 Button Up All Dash and Ducts 1.3

1 Install Blasts skirts 1 3 Adjust Wiper Arm 0.3

2 HVAC Engine 0.4 4 Wind Wire On Winch 0.3

3 Washer pump 0.3 5 Headlight Cover Brush Bar (rear) 0.3

4 Air Horn 0.3 6 Fabricate Harnesses 9

5 Install Gun ports 1 7 Install Inverter 0.3

6 Install Exhaust System 0.4 Total 12.5

7 Air intake Fender 0.5

8 Install right and left IP 1

9 Windshield and Fibertec 2

10 Wall Panels/Raceway 2.5

11 Install R/S AC Duct 0.8

12 Front Blower/Left Console 0.7

13 Install L/S AC Duct 0.8

14 Exterior DOT Wiring 1.5

Total 13.2 Max 14 Hours
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5 STATIONS 
Sequence of 

Operations Description

Allocated 

Time (hrs)

Sequence of 

Operations Description

Allocated 

Time (hrs)

Station 9 Station 11

1 Run wires for Ext. lights 0.4 1 Wall Panels/Raceway 2.5

2 Install Fibertec in lockers 0.5 2 Install R/S AC Duct 0.8

3 Install Fibertec in panels 1.5 3 Front Blower/Left Console 0.7

4 Hook up gas tank hoses/Fillerpipe 0.5 4 Install L/S AC Duct 0.8

5 Install rear blowers 0.5 5 Exterior DOT Wiring 1.5

6 Run Int. wires 0.4 6 Side Glass 1

7 Install Wiper motor (fitting) 0.4 7 Windshield Glass 0.7

8 Run Cab Harness (gps,go-light) 0.6 8 Door Glass/Mirrors 0.8

9 Install Wall Panels 2.5 9 Install Battery Cables 0.3

10 Install Front Bumper/Winch/Emblem 1 10 Interior Lighting 0.7

11 Blackout front lights 0.3 11 Door Latches 0.5

12 Inner panels, Fibertec 1.5 12 Door Rubbers 0.8

Total 10.1 Total 11.1

Station 10 Station 12

1 Ceiling and Side panels 1.5 1 Washer Bottle Wire 0.6

2 Interior wires (swivel) 0.3 2 Exterior Utility Lighting 1.5

3 Right Hand Harness 0.4 3 Install Wiper Arm and Hose 0.3

4 Dress DOT wiring 1.7 4 Install Flooring and Seats 1.5

5 Install Blasts skirts 1 5 A/C Evac and Fill 1.2

6 HVAC Engine 0.4 6 Mount Dash Items 0.7

7 Washer pump 0.3 7 Final Electrical Wiring 3

8 Air Horn 0.3 8 Electrical Testing 1

9 Install Gun ports 1 9 Button Up All Dash and Ducts 1.3

10 Install Exhaust System 0.4 Total 11.1

11 Air intake Fender 0.5

12 Install right and left IP 1 Station 13

13 Windshield and Fibertec 2 1 Adjust Wiper Arm 0.3

Total 10.8 2 Wind Wire On Winch 0.3

3 Headlight Cover Brush Bar (rear) 0.3

4 Fabricate Harnesses 9

5 Install Inverter 0.3

Total 10.2

Max 11.1 Hours
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6 STATIONS 
Sequence of 

Operations Description

Allocated 

Time (hrs)

Sequence of 

Operations Description

Allocated 

Time (hrs)

Station 9 Station 12

1 Run wires for Ext. lights 0.4 1 Side Glass 1

2 Install Fibertec in lockers 0.5 2 Windshield Glass 0.7

3 Install Fibertec in panels 1.5 3 Door Glass/Mirrors 0.8

4 Hook up gas tank hoses/Fillerpipe 0.5 4 Install Battery Cables 0.3

5 Install rear blowers 0.5 5 Interior Lighting 0.7

6 Run Int. wires 0.4 6 Door Latches 0.5

7 Install Wiper motor (fitting) 0.4 7 Door Rubbers 0.8

8 Run Cab Harness (gps,go-light) 0.6 8 Washer Bottle Wire 0.6

9 Install Wall Panels 2.5 9 Exterior Utility Lighting 1.5

10 Install Front Bumper/Winch/Emblem 1 10 Install Wiper Arm and Hose 0.3

11 Blackout front lights 0.3 11 Install Flooring and Seats 1.5

Total 8.6 Total 8.7

Station 10 Station 13

1 Inner panels, Fibertec 1.5 1 A/C Evac and Fill 1.2

2 Ceiling and Side panels 1.5 2 Mount Dash Items 0.7

3 Interior wires (swivel) 0.3 3 Final Electrical Wiring 3

4 Right Hand Harness 0.4 4 Electrical Testing 1

5 Dress DOT wiring 1.7 5 Button Up All Dash and Ducts 1.3

6 Install Blasts skirts 1 6 Adjust Wiper Arm 0.3

7 HVAC Engine 0.4 7 Wind Wire On Winch 0.3

8 Washer pump 0.3 8 Headlight Cover Brush Bar (rear) 0.3

9 Air Horn 0.3 Total 8.1

10 Install Gun ports 1

11 Install Exhaust System 0.4 Station 14

12 Air intake Fender 0.5 1 Fabricate Harnesses 9

Total 9.3 2 Install Inverter 0.3

Total 9.3

Station 11

1 Install right and left IP 1

2 Windshield and Fibertec 2

3 Wall Panels/Raceway 2.5

4 Install R/S AC Duct 0.8

5 Front Blower/Left Console 0.7

6 Install L/S AC Duct 0.8

7 Exterior DOT Wiring 1.5

Total 9.3 Max 9.3 hours
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7 STATIONS 
Sequence of 

Operations Description

Allocated 

Time (hrs)

Sequence of 

Operations Description

Allocated 

Time (hrs)

Station 9 Station 13

1 Run wires for Ext. lights 0.4 1 Door Glass/Mirrors 0.8

2 Install Fibertec in lockers 0.5 2 Install Battery Cables 0.3

3 Install Fibertec in panels 1.5 3 Interior Lighting 0.7

4 Hook up gas tank hoses/Fillerpipe 0.5 4 Door Latches 0.5

5 Install rear blowers 0.5 5 Door Rubbers 0.8

6 Run Int. wires 0.4 6 Washer Bottle Wire 0.6

7 Install Wiper motor (fitting) 0.4 7 Exterior Utility Lighting 1.5

8 Run Cab Harness (gps,go-light) 0.6 8 Install Wiper Arm and Hose 0.3

9 Install Wall Panels 2.5 9 Install Flooring and Seats 1.5

Total 7.3 Total 7

Station 10 Station 14

1 Install Front Bumper/Winch/Emblem 1 1 A/C Evac and Fill 1.2

2 Blackout front lights 0.3 2 Mount Dash Items 0.7

3 Inner panels, Fibertec 1.5 3 Final Electrical Wiring 3

4 Ceiling and Side panels 1.5 4 Electrical Testing 1

5 Interior wires (swivel) 0.3 5 Button Up All Dash and Ducts 1.3

6 Right Hand Harness 0.4 6 Adjust Wiper Arm 0.3

7 Dress DOT wiring 1.7 7 Wind Wire On Winch 0.3

Total 6.7 8 Headlight Cover Brush Bar (rear) 0.3

Total 8.1

Station 11

1 Install Blasts skirts 1 Station 15

2 HVAC Engine 0.4 1 Fabricate Harnesses 9

3 Washer pump 0.3 2 Install Inverter 0.3

4 Air Horn 0.3 Total 9.3

5 Install Gun ports 1

6 Install Exhaust System 0.4

7 Air intake Fender 0.5

8 Install right and left IP 1

9 Windshield and Fibertec 2

Total 6.9

Station 12

1 Wall Panels/Raceway 2.5

2 Install R/S AC Duct 0.8

3 Front Blower/Left Console 0.7

4 Install L/S AC Duct 0.8

5 Exterior DOT Wiring 1.5

6 Side Glass 1

7 Windshield Glass 0.7 Max 9.3 hours (LB)

Total 8   Otherwise Max 8.1
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APPENDIX F: FULL LIST OF TRIM OPERATIONS IN ORDER AND  

        INCLUDING INSIDE/OUTSIDE ASSUMPTION 

 
Sequence of 

Operations Description

Allocated 

Time (hrs)

Inside / 

Outside

1 Run wires for Ext. lights 0.4 Inside

2 Install Fibertec in lockers 0.5 Outside

3 Install Fibertec in panels 1.5 Inside

4 Hook up gas tank hoses/Fillerpipe 0.5 Outside

5 Install rear blowers 0.5 Inside

6 Run Int. wires 0.4 Inside

7 Install Wiper motor (fitting) 0.4 Outside

8 Run Cab Harness (gps,go-light) 0.6 Inside

9 Install Wall Panels 2.5 Inside

10 Install Front Bumper/Winch/Emblem 1 Outside

11 Blackout front lights 0.3 Outside

12 Inner panels, Fibertec 1.5 Inside

13 Ceiling and Side panels 1.5 Inside

14 Interior wires (swivel) 0.3 Inside

15 Right Hand Harness 0.4 Inside

16 Dress DOT wiring 1.7 Inside

17 Install Blasts skirts 1 Outside

18 HVAC Engine 0.4 Outside

19 Washer pump 0.3 Outside

20 Air Horn 0.3 Outside

21 Install Gun ports 1 Inside

22 Install Exhaust System 0.4 Outside

23 Air intake Fender 0.5 Outside

24 Install right and left IP 1 Inside

25 Windshield and Fibertec 2 Outside

26 Wall Panels/Raceway 2.5 Inside

27 Install R/S AC Duct 0.8 Inside

28 Front Blower/Left Console 0.7 Inside

29 Install L/S AC Duct 0.8 Inside

30 Exterior DOT Wiring 1.5 Outside

31 Side Glass 1 Outside

32 Windshield Glass 0.7 Outside

33 Door Glass/Mirrors 0.8 Outside

34 Install Battery Cables 0.3 Outside

35 Interior Lighting 0.7 Inside

36 Door Latches 0.5 Outside

37 Door Rubbers 0.8 Outside

38 Washer Bottle Wire 0.6 Outside

39 Exterior Utility Lighting 1.5 Outside

40 Install Wiper Arm and Hose 0.3 Outside

41 Install Flooring and Seats 1.5 Inside

42 A/C Evac and Fill 1.2 Outside

43 Mount Dash Items 0.7 Inside

44 Final Electrical Wiring 3 Inside

45 Electrical Testing 1 Inside

46 Button Up All Dash and Ducts 1.3 Inside

47 Adjust Wiper Arm 0.3 Outside

48 Wind Wire On Winch 0.3 Outside

49 Headlight Cover Brush Bar (rear) 0.3 Outside

50 Fabricate Harnesses 9 Inside

51 Install Inverter 0.3 Outside  
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APPENDIX G: NOTES FROM 24 AUGUST 2008 TRIP TO BWW 
 

 

24 August 2007 [BWW] Visit (Shawn & Rob Notes) 
 
From [VP]: 

- Steel arrives on trucks from either Cleveland or Baltimore harbors (subject to 
transit time and customs) [90 days] 

- Additional warehouse doors cost $50K each 
- 1 of every 25 cabs and bodies are torn apart for weld checks 
- Chassis manufacturing lines need check stations (test and repair) 
- Consider material handling system to transfer chassis from assembly to decking 

operations 
- Consider material reception, storage, and rejection 
- Joint WELDING takes place at decking 
- [VP] guesses 400 total hours per vehicle is a conceivable figure 
- Chassis is assembled from parts ordered and not fabricated from scratch 
- Cutter cost: plasma ($.25 mil), laser ($1.5 mil), water-jet ($.5 mil – I think) 
- Consider for paint operations: roof, repair station at end, accumulator prior to 

painting 
- Consider for trim operations: line storage, repair stations, final test station (inc. 

exhaust evacuation system) 
 
 
From floor ([Floor Manager] and crew) 

- Weld Times and Resources: 
o CAB total – 96 man-hours with max 3 people 

� Cab frame – takes 2 people 1 hour  
o BODY total – 128 man-hours with max 4 people 

� Body frame – takes 3 people 2.5 hours 
o FRONT END (including rear blast skirts) total – 72 man-hours 

� BELOW is a breakdown of the “Front End” pieces and the times 
for each. They obviously do no mesh with the above figure but we 
take the figures on the chart below to be most accurate. (The grill 
is most time intensive) 
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Part Name Quantity 
Hours to 

Complete Each 
Number of 
Stations 

People at Each 
Station 

Gas Tank Cover 2 2 2 2 

Hood 1 2 4 1 

Grill 1 8 16 2 

GOR 1 0.5 1 1 

Head Light Box 2 1 2 2 

Rear Blast Skirt 2 1.5 3 2 

Front Blast Skirt 2 5 3 2 

Fender 2 1.5 10 2 

Airbox 1 1 1 2 

Total 14 33.5 42 79 

 
- For an external seem, we were given an approx. 50/50 ratio for weld to cool time 
- Paint: The body, cab, and front end parts need painting and insulating prior to 

completion of decking. This process will probably require an additional paint 
booth. The time for the priming and insulation of the parts are detailed in the chart 
below (we assumed the times were with 2 people): 

  
Insulation 
Prep Primer 

Primer 
Dry 

KEFA 
Insulation 

KEFA 
Dry 

CAB 1 0.5 1.5 0.5 2 

BODY 1 0.75 1.5 1 2 

"FRONT END" 2 2 1.5     

 
- Trim: Trim parts (what we must verify are “sub-assemblies”) are 42 pieces on 8 
racks / vehicle 
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APPENDIX H: NOTES INDICATING CHANGES TO INITIAL  

       LAYOUT 
 

 

Changes to Initial Layout 
 

• Decreased the number of Front End welding stations from 48 to 42 with a total of 79 
workers distributed through (see write-up for detailed break down). 

 

• Decreased the number of Cab welding stations from 80 to 64 with a total of 190 
workers distributed through (see write-up for detailed break down). 

 

• Decreased the number of Body welding stations from 160 to 64 with a total of 251 
workers distributed through (see write-up for detailed break down). 

 

• Decreased the number and location of buffer zones for all welding lines. 
 

• Decking has been broken up into 2 separate operations:   
o Cab and Body 
o Front End 

 

• Front End decking time increased to 6 hours thus increasing the number of stations 
from 1 to 12. (Although we believe there is room for process improvement) 

 

• Added Paint/Insulation process after Cab and Body decking to allow for insulation of 
interior (see write-up for detailed break down). 

 

• TRIM CHANGES (still gathering data) 
 

• “SUB-ASSEMBLIES” (still gathering data) 
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APPENDIX I: DOCUMENT SUBMITTED TO BWW DETAILING  

RECALCULATED RESOURCE REQUIREMENTS        

CAUSED BY UPDATED DATA 
 

 

  Blackwater has provided us with estimates for each necessary process associated with the 
construction of the Grizzly.  We also have an idea of the ordering of each of those 
manufacturing processes.  Working off of the current ideal scenario of producing 16 vehicles 
per shift, we have developed a manufacturing process that will meet the desired output.  This 
process uses the current manufacturing stations used in the production of the vehicle with 
altered personnel and station numbers.  Throughout this document, one assumption that 
continues is a linear decrease in the time it takes to complete a process with an increase in the 
number of personnel assigned to that process.   
 
CUTTING 
  The first manufacturing process is the cutting of the steel used to build the vehicle.  There 
are two different cutting operations.  One cutting operation utilizes plasma cutters.  It takes 8 
hours for one plasma cutter to complete the steel required to build one vehicle.  To meet 
output requirements, we need to use 16 plasma cutters.  For more dimension critical pieces, a 
laser cutter is used.  The laser cutter takes 2.5 hours to complete the steel for one vehicle.  
Consequently, we will require the use of 5 laser cutters to meet our output rate. 
 
WELDING   
  The next process is the welding of the vehicle parts.  This welding is divided into the 
following 4 areas: front end, cab, body, and sub-assemblies.  It takes 35 man-hours to weld 
one vehicle’s front end components.  There are 14 different parts included in the “front end 
components.” We have determined that it will take 42 stations manned by a total 79 
personnel in order to meet production.  Below is a list of the parts, completion time, number 
of stations, and number of workers for each part.   
   

Part Name Quantity 
Hours to 

Complete Each 
Number of 
Stations 

People at Each 
Station 

Gas Tank Cover 2 2 2 2 

Hood 1 2 4 1 

Grill 1 8 16 2 

GOR 1 0.5 1 1 

Head Light Box 2 1 2 2 

Rear Blast Skirt 2 1.5 3 2 

Front Blast Skirt 2 5 3 2 

Fender 2 1.5 10 2 

Airbox 1 1 1 2 

Total 14 33.5 42 79 
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  The cab requires 96 man-hours to weld.  Blackwater has informed us that we should 
allocate 3 workers to each cab so that it will take 32 hours to complete one cab.  Added on to 
the beginning of the fabrication of the cab, there is a tacking station that assembles the cab 
frame.  The tacking stations require 2 people to finish a cab frame in 1 hour. 
Consequently, we require 64 cab stations with 190 people working those stations.     
   Each body takes 128 man-hours to fabricate.  However, Blackwater has told us to use up to 
4 workers per body to decrease the time so that, like the cab, it takes 32 hours to complete.  
Just as with the cab, there are tacking stations where the body frame is assembled that 
precede welding.  The tacking stations will require 3 workers to complete a frame in 2.5 
hours.  Therefore, we will need 64 stations with 251 workers tasked to meet production.  We 
are in the process of acquiring a list of “sub-assemblies.”   The set was not clearly defined 

and, as a result, we are still working to get a definite list of items included.  

 
QA 
  Each chassis used to create the vehicle goes through a QA process prior to decking.  
According to the information we have, a portion of this QA process will likely take place 
outside of the manufacturing facility.  As a result, we are uncertain of whether or not QA 
needs its own specific station.  However, we know that, with a 2.5 hour completion time, it 
will take 5 QA workers to meet our output rate. 
 
*CAB & BODY DECKING 
  This decking process is the first in the assembly line operation.  Decking is divided into the 
following 2 assembly operations: cab and body.  The entire decking process needs to produce 
1 vehicle every 0.5 hours to meet the output rate.  It takes 1 and 1.5 man-hours to complete 
cab and body decking, respectively.  Therefore, using one decking line, we need 2 workers 
on cab decking and 3 workers on body decking for a total of 5 workers decking.   
 
KEFA INSULATION PREP 
  It takes 4 man-hours to prepare a single vehicle for interior insulation.  We will need 2 
workers at each of 4 insulation-prep stations (total 8 workers) to output an average of 1 
vehicle every 0.5 hours.  4 separate stations are required to enable the batching necessary to 
feed our two 2 vehicle paint style booths described in the next section.    
  The front end parts take 4 man-hours to prepare for priming.  We will need another 4 
stations with 2 workers at each to match the rate at which the vehicles will come out of 
insulation. 
 
KEFA INSULATION 
  Our concept of an optimal insulation process is comprised of a four cell (prime, dry, 
insulate, dry - in series) operation taking place in one paint booth/oven housing.  We 
determined it necessary to construct 3 paint style booths (2 for vehicle and 1 for front end 
parts).  During the insulation process, vehicles will be batched so that 2 vehicles enter each 
stage simultaneously.  The process of insulating the vehicle, as required by the military, with 
KEFA insulation is sprayed in the interior of the vehicle after the cab and body have been 
decked on the chassis. Before this process can start, the interior of the vehicle is primed, 



 

 76 

which takes 1.25 hours to complete with 2 workers. The vehicle then goes into an oven to dry 
for 1.5 hours. The KEFA insulation process takes 1.5 hours to complete with 2 workers. The 
vehicle then goes into an oven to dry for 2 hours. Front end parts only go through the first 
two stages of this process.  However, it takes 2 hours to prime one set of front end parts with 
2 workers.  They will be complete with this phase after the primer dries.  At that point, they 
will move to be attached to the vehicle at front end decking.  
 
FRONT END DECKING 
  Front end decking consists of bolting on the 14 parts that previously went through the 
insulation process. Completion time for this process is 6 hours. To meet desired output rates, 
12 Front end decking stations will be needed with 2 workers at each station. 
 
QC 
  We are unaware of what the QC process prior to paint prep entails.  However, we know that 
it takes 4 hours to QC one vehicle.  We recommend 8 QC stations with 1 worker at each to 
meet production. 
 
PAINT PREP 
  The paint preparation rate is dictated by the paint process.  It takes 5.5 man-hours to prepare 
a single vehicle for painting.  We will need 3 painters at each of 4 paint-prep stations (total 
12 workers) to output an average of 1 vehicle every 0.5 hours.  4 separate stations are 
required to enable the batching necessary to feed our two 2 vehicle paint booths described in 
the next section.    
  Blackwater did not provide time figures for the paint preparation of sub-assemblies.  We do 
not assume that to be a very skill or detail intensive operation.  Therefore, assuming a time of 
1.5 to prep 1 vehicle worth of sub-assemblies, we determined the need for 3 workers at 1 
prep station to feed the sub-assembly paint booth. 
 
PAINT 
  Our concept of an optimal paint process is comprised of a four cell (prime, dry, paint, dry - 
in series) operation taking place in one paint booth/oven housing.  We determined it 
necessary to construct 3 paint booths (2 for vehicle and 1 for sub-assemblies).  During the 
paint process, vehicles will be batched so that 2 vehicles enter each stage simultaneously.  
The first cell in the process is priming the vehicle. It takes 2 hours to complete this priming 
process on one vehicle.  We will need one worker priming each of 4 vehicles for a total of 4 
workers priming.  The vehicles will then enter the next cell, drying, where no man power is 
necessary for approximately 2 hours (minimum 1.5).  Following the drying of the primer, the 
vehicles will move to be painted.  It takes 3.5 hours to paint a single vehicle.  In the paint 
booth, we will need to assign 2 painters per vehicle for a total of 8 painters.  Finally, the 
vehicles will move into the paint drying cell of the booth where they will remain for 1.5 
hours before moving into the queue for the trim station.  The entire vehicle paint process 
produces, on average, 2 vehicles per hour. 
  Based off of the information we received from Blackwater, it takes 6 and 8 hours to prime 
and paint, respectively, the sub-assemblies for one vehicle.  To meet the required production 
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rate, we will need to push 4 vehicles worth of sub-assemblies through the designated paint 
booth every 2 hours.  This requires 12 painters priming and 16 painting.  The parts will spend 
2 hours in each of the four cells.  We are assuming that up to 16 painters and 4 vehicles 
worth of sub-assemblies will actually fit inside each cell of the booth. 
 
 
TRIM 
    Our original assumption, when working with the trim line processes provided by 
Blackwater, was that each process had precedence over the next.  We then ordered each of 
the 51 trim operations sequentially and divided them into interior and exterior operations.  
Once divided into interior and exterior operations, we applied a logical approach to 
determining what operations had to remain sequential while trying not to disturb the given 
order.  Due to the space constraints on the inside of the vehicle, we assumed that, in most 
cases, a maximum of two workers could work on interior tasks simultaneously.   
  The total time to complete the trim operation is 53.3 hours.  We determined it optimal to 
divide trim into 8 stations and run 4 trim lines.  Each station will take no longer than 2 hours 
to complete.  It takes 9 man-hours to complete the task of fabricating the harnesses alone and, 
as a result, it is necessary to add harness fabrication as its own separate at the end of the trim 
process.  We will need 2 harness stations, operating in parallel, for every 1 trim line for a 
total of 8 harness fabrication stations.  The breakdown of 1 trim line (stations 9 – 16 followed 
by 2 harness fabrication stations) is attached as Appendix A.  The total time, in hours, is 
documented next to each task and Station. 
 
 
                  

 


