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ABSTRACT 
 
 There are no existing tools that fully satisfy a customer need for torque limiting in power tools.  
Thorough research was done into existing solutions.  Several solutions have been found for this 
problem.  Solutions feature the Ingersoll Rand 5020T series wrenches, similar products from RAD 
products, and the SK torque limiter from R+W.  These products are quite expensive; some have no 
adjustability, or a poor torque range.  The remaining need in industry is a low cost attachment to air 
tools to limit torque.  None of the existing products satisfy this requirement.  A customer survey was 
generated to determine user qualities and product specifications.  The customer surveys and resulting 
QFD stressed the importance of cost and precision in the device.  The low cost release mechanism is 
the key to the development of a successful product.  The product should be able to handle 50-150ft-
lbs of torque, the common range for car lug nuts.  The device should be within 10ft-lbs of the 
specified torque.  The cost objective for this is under $100 customer cost.    
 The schedule was generated noting college requirements and no outside funding.  Throughout 
the design segment of the project, the schedule and budget were monitored.  A final design concept 
using a spring loaded radial release by means of a cam was generated.  This was chosen over two 
other design concepts.  The custom design of a release mechanism allowed for more freedom in 
design and eliminated a rush to compensate for part lead times and commercial problems.  The layout 
of the design concept was established in week 3 and initial calculations were developed.  No cam 
software or development programs could be used because of the nature of the design.  The cam 
design took several weeks to match with the springs because of the complex nature and the high 
forces on the springs.  A cam profile was established as a three lobed cam and all forces were found.  
All basic machining was done manually.  CNC machining was done by PE Industries.  Springs were 
purchased from Schnorr.  The springs were set in a parallel set of four on each cam lobe for a total of 
twelve springs.  The spring preload was set through the use of set screws in the housing.  Preload 
yields a corresponding torque transfer by known rotations given in a decal on the device.  These 
screws wrapped around followers that allowed the springs to stay aligned.  The pins are hardened 
steel and ride directly on the cam.  The housing material is a tool steel to reduce deformation and 
minimize size.  These objects were designed in SolidWorks as an assembly and the motion was 
analyzed.  The cam bolts to a plate that is pressed into a small bearing in the housing.  This allows the 
cam to be reversible and easily assembled.  Thorough calculations on force, speed and deformation 
were used to create a complete design.  Accuracy was within 7ft-lb at the lowest setting and 2ft-lbs at 
the highest setting.  These figures stayed consistent throughout testing.   
 The device had a budget of $485.  The only incurred cost was that of the springs for $24.  All 
other costs were of materials and machining.  Materials were standard and already possessed, and 
machining was done by hand and CNC machining was done pro bono.  



 

iii 

TABLE OF CONTENTS 
ABSTRACT .........................................................................................................................................................II 
TABLE OF CONTENTS .................................................................................................................................. III 
LIST OF FIGURES ........................................................................................................................................... IV 
LIST OF TABLES ............................................................................................................................................. IV 
INTRODUCTION ................................................................................................................................................ 1 

PRODUCT AND CUSTOMER RESEARCH ................................................................................................................ 2 
PRODUCT DESIGN ......................................................................................................................................... ...3 

DESIGN ALTERNATIVES AND SELECTION……………...………...........……………………………………......3 
DETAIL DESIGN...................................................................................................................................................5 
SCHEDULE AND BUDGET......................................................................................................................................9 

PROOF OF DESIGN...........................................................................................................................................10 

MODIFICATIONS TO PRODUCTION SAMPLE.........................................................................................10 

REFERENCES.....................................................................................................................................................11 

APPENDIX A -  RESEARCH DOCUMENTATION...................................................................................... 12  

APPENDIX B – SURVEY RESULTS .............................................................................................................. 16 
APPENDIX C - QFD .......................................................................................................................................... 17 
APPENDIX D – PRODUCT OBJECTIVES ................................................................................................... .18 

APPENDIX E - CAM SYSTEM LAYOUT.......................................................................................................19 

APPENDIX F - EXCEL SHEET LAYOUT......................................................................................................20 

APPENDIX G - SAMPLE CALCULATIONS.................................................................................................24 

APPENDIX H - CAM DRAWING.....................................................................................................................26 

APPENDIX I - PLATE DRAWING..................................................................................................................27 

APPENDIX J - SPRING DRAWING................................................................................................................28 

APPENDIX K - HOUSING DRAWING...........................................................................................................29 

APPENDIX L - ALIGNMENT PIN DRAWING.............................................................................................30 

APPENDIX M - SET SCREW DRAWING......................................................................................................31 

APPENDIX N - TORQUE SETTING GUIDE.................................................................................................32 

APPENDIX O - ASSEMBLY DRAWING........................................................................................................34 

APPENDIX P - BILL OF MATERIALS...........................................................................................................35 

APPENDIX Q - BUDGET ................................................................................................................................. 36 

APPENDIX R – SCHEDULE COMPARISON ............................................................................................... 37 

APPENDIX S – TEST DATA ............................................................................................................................ 38 
 
 
 

 

 



 

iv 

LIST OF FIGURES 
Figure 1 –IR Torque Control Impact ................................................................................................. 1 
Figure 2 –SK Torque Control ............................................................................................................. 1 
Figure 3 - Friction Release Device…………………………………………………………………...3 
Figure 4 - Ball Detent Release Device………………………………………………………………..4 
Figure 5 - Axial Release Device………………………………………………………………………4 
Figure 6 - Cam Force Layout...............................................................................................................7 
  
 
 
LIST OF TABLES 
Table 1 - Cost Comparison...................................................................................................................2   
Table 2 – Torque Range Comparison..................................................................................................2 
Table 3 - Spring Preloads and Corresponding Torques....................................................................7 
Table 4 - Torque Testing Results.......................................................................................................10 
 
 
 



Power Tool Torque Controller                                     Joe O’Connor 

1 

INTRODUCTION 
 
The problem of torque control in assembly and other manufacturing is clear.  Products are 
constantly getting more rigorous assembly specifications and design criteria.  The theory 
behind torque control is that of precise assembly.  Every bolt or nut in any product has some 
torque specification.  Lug nuts on a vehicle range from 50ft-lbs to 150ft-lbs and small shops 
repeatedly have to change adjustments on their torque wrenches in order to precisely attach 
wheels.  The torque rating varies with the vehicle.  This is based on the amount of torque 
that the product can hold, and the amount of stretch and stress that the fastener can hold.  
Yet another aspect of manufacturing that drives business is speed.  The ability to rapidly 
produce parts is critical to success and continuous improvement in the manufacturing world.   
 
The ability to improve and expand drives production.  For smaller manufacturers and 
relatively low quantity producers, the only option is to manually torque fasteners.  Some 
manufacturers, like Belkan [1] offer torque limiting adaptors that are not adjustable, but work 
well for permanent applications.  There are devices available that allow for precise torque 
delivery in a complete package, see the IR Torque Control wrench in Figure 1. [2] A similar 
device for higher torque applications is the RAD impact wrench which is adjustable from 
50ft-lbs to 350ft-lbs. [3] There are also products in use for lug nuts known as TorqStix [4].  
These are adaptors that absorb a known amount of torque and transfer the excess.  These 
require a very precise impact wrench for application, as well as the need for multiple sticks 
at only specified torques.  There is an existing product that is under patent number 4113080 
that is quite suitable.  However this is a very complex design and it is not available 
commercially. [5] There are also devices that allow for attachment to standard tools as well 
as having adjustability, see the SK limiter in Fig. 2. [6] This R+W limiter is not easily 
attached to tools but can be suited for the requirements.  This product is quite expensive 
and does not have a useful torque range for most consumers. 

 
 
 

                                           
Figure 1 - IR Torque Control Wrench                                   Figure 2 - R+W SK1 Torque Limiters 
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The devices available have two main options, tool or attachment.  These are the primary 
solutions to the existing problem.  There are many devices like these, see examples in 
Appendix A.  The products available are from many suppliers and have similar 
characteristics.  It is found that there is still a lack of these products used in industry and the 
need for a solution is developed from customer research.   
 
 
 
 
PRODUCT AND CUSTOMER RESEARCH 
  
Through customer research, the product development plan was established with a customer 
survey.  See survey and results in Appendix B.  The majority of customers who use 
fastening air tools would like a lower cost tool attachment to limit torque.  All 32 customers 
surveyed ranked the cost of the product as being a 3 of 5 or higher in importance.  26 of 
those ranked it as 4 of 5 or higher.  It is also noted that most customers were unaware of 
such devices from the product research.  The complete torque tools, such as the Ingersoll 
Rand 5020T [2] and RAD 350SL [3], are narrowly available.  The devices feature precise 
torque control for fastening.  These tools are, however, quite expensive and have ineffective 
torque ranges.  The torque ranges are ineffective because they are very specific and only 
good for unique assemblies and not lug nuts or wide ranges of assemblies.  See costs in 
Table 1.  See torque ranges for sample tools and attachments in Table 2.  
 
 
Tool 
IR 5020T 

Cost 
$1,268.00 

IR 5040T $1,290.00 
RAD 350SL $3,285.00 
  
Attachment 
Belknap 1/2" 

Cost 
$94.90 

Belknap 3/8" $74.00 
TorqStix Set $138.95 
R+W SK Limiter $746.00 

  
Table 1 - Cost Comparison   Table 2 – Torque Range Comparison  
   
  
These devices are targeted to mass production facilities and businesses.  The consumers 
typically use manual torquing devices to assemble automotive products.  The low ranges of 
the IR tools, less than 30ft-lb maximums, are not useful for most automotive uses.  The very 
high cost of the IR tools and the RAD tool, $1268-3285, also limits the available buyer.  Most 
of the attachments are reasonably priced, under $140, but these have poor ranges.  The 
Belknap [1] tool attachments have no real range.  The torque is preset from the factory and 
cannot be easily changed.  The factory setting is custom to the application, but the torque 
release cannot be changed readily.  The TorqStix[4] are individual attachments with a very 
high range.  These absorb torque from an impact and deliver torques usually found on tire 
lug nuts.  The range on these is very high and requires the use of several attachments to 
have any range.  The   R + W SK Limiter [6] has the most useful range, 30-150ft-lbs by 
means of several tools, each only having a range of approximately 30ft-lbs, but is expensive 

Tool 
IR 5020T 

Torque Range(Ft-lb) 
8-20 

IR 5040T 10-30 
RAD 350SL 50-350 
  
Attachment 
Belknap 1/2" 

Torque Range(Ft-lb) 
10-40 Preset 

Belknap 3/8" 2-15 Preset 
TorqStix Set 65-150 
R+W SK 
Limiter 30-50 
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at $746.  This is far more expensive than normal consumers would want to spend.  Patent 
number 4113080 [5] was found on a complete tool with a built in air release.  This is a 
complex design without an adjustable torque setting.  The customers had several 
complaints about the usefulness of normal fastening tools and standard torquing tools.  This 
survey was passed around to several engineers, engineering technicians, mechanics and 
general contractors throughout the Cincinnati area.  This was done to have a wide base of 
information to determine the uses of such products.  The customer requirements and 
statements were grouped together to form a QFD.  See QFD in Appendix C.   
  
This QFD was established using the customer requirements and the engineering 
characteristics used to meet those requirements.  This QFD was used to develop primary 
characteristics and requirements to be stressed in design.  The QFD showed the importance 
of the weight, housing material, clutch mechanism and cost.  The clutch mechanism 
precision was by far the most important feature, ranking .44 through the QFD analysis.  This 
compares to approximately .1 on the next highest ranked properties of overall size, weight, 
housing material, attachment method and cost.  These were then used to begin dictating the 
product design.  Clearly the precision of the clutch is the most important characteristic of the 
design.   
 
 
 
 
 
PRODUCT DESIGN 
  
As a result of the research and initial development of this project, a series of product 
features was developed, see feature objectives in Appendix D.  The device’s precision is 
keynote.  The product will be able to handle 150ft-lb of torque and be within 10ft-lb.  The 
adjustability will be continuous between 50ft-lb and 150ft-lb or have 10 settings through the 
same range.  These will be the maximum and minimum recommended torque settings.  At 
all uses the device will be accurate within 10ft-lb.  The overall size will be less than 3” long 
with a diameter of 6”.  The device will weigh less than 3lbs when completed.  The device will 
be capable of reverse torque, up to 100ft-lb.  The device will create a noise level of no more 
than 10dB greater than a comparable tool.  The cost of the product is of utmost importance.  
The cost objective is to have a product that would cost less than $100 to the consumer.  
These figures were all generated based upon the results of the customer survey and QFD 
analysis.   
 
Three primary design concepts were developed for analysis in the design of the air powered 
torque control device.  These designs were based around the initial customer needs 
established in autumn 2006.  These indicated primarily that torque precision and low cost 
were the primary needs.  The three design concepts used basic knowledge of control theory 
and torque control to base a detailed design. 
 
The first design is a friction releasing clutch device.  The device is shown below in Fig. 3.  
The friction design has standard attachments to sockets and wrenches at each end.  The 
friction plates would need to be fairly precise and long lasting.  The plates could have a 
‘break in’ period to settle and establish a defined friction pattern.  A preloaded spring would 
apply force to the friction plates.  The preload would be dialed in through threading two 
housings together.  The preload would be calibrated through the length of the threads and 
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the known spring constant being used.  This design would be fairly simple to build.  Shorter 
build and manufacturing would yield lower cost and could satisfy all customer requirements.  
The disadvantage  to this design is that it would not be very precise for torque settings 
theoretically.  The torque may be fairly accurate and repeatable, but the spring and friction 
plates would wear and have varying properties.  The plates would be designed to be easily 
replaceable however.   

 
 

 
Figure 3 - Friction Release Device 

 
 
 
 
The second design concept utilized a different type of power transmission with a ball detent 
crown mechanism.  This device is shown in Fig. 4.  A ball detent clutch is known to be used 
in low cost power drills and other tools.  The crown shaped discs hold small balls and the 
plates are held in place with a preloaded spring.  The spring preload determines the level of 
torque that is required to have the balls slip around the points of the crown.  The benefits of 
this design are that it is very cheap and a proven design.  The disadvantages are that it is 
quite inaccurate, and it can be quite noisy.  Low noise is not a primary customer requirement 
however.  There are no noise requirements from standard agencies or customers.   
 
 

 
 

 
Figure 4 - Ball Detent Release Device 
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The third design concept utilizes radial spring loaded keys to release a torque driver.  This 
design can be seen in Fig. 5.  The torque driver is in the center and pushes on, in this case, 
three radial keys that are spring loaded.  The outer ring is driven and can be released when 
excessive torque is applied.  The adjustability would again be controlled by threaded 
housings.  The threads and complex mechanism may cause some assembly issues 
because of the awkward design.  The benefits of this design are that it may be more precise 
because of several keys and springs to help create a more trusted ‘average’ property for the 
system.  The disadvantage is more assembly, parts and cost.   
 

 
Figure 5 - Radial Key Release Device 

 
 
These three concepts were heavily analyzed.  It was determined that the ball detent 
mechanism and friction mechanism were too difficult to design thoroughly and had been 
utilized previously in industry by means of automotive and engine clutches.  The friction 
device would have required too much dependence on precision, customization, and wear.  
Material problems would have put a great deal of the usefulness of the product out of the 
designer’s hands.  The ball detent mechanism has been used in industry.  Because the 
design of a mechanism similar to this would not be innovative or unique, this method was 
not utilized either.  This was the primary decision making fact and was not able to be 
analyzed in a matrix.  Because the radial release had never been tried before, this concept 
was chosen to be used as the design.  Through detailed research, there are no examples in 
industry of moving followers or a cam that requires high ‘losses’ and force/torque transfer.  
The ability to have a custom and totally unique design was very appealing.  No decision 
matrix or analytical method of choosing a concept was used.   
 

 
DETAIL DESIGN 
  
 The detailed design of the torque control mechanism began with the assessment of the 
design.  A great deal of time was spent finding the best way to transfer the force and torque 
of a rotating tool.  It was decided that a small three lobed cam was to be the driver device 
that is directly connected to the tool and it presses against springs connected to a driven 
device.  A drawing of the setup is shown in Appendix E.  The cam was chosen because a 
solid device would help to eliminate the deformation and stresses created from the device. 
[7] Three lobes were chosen because they should help reduce binding conditions and 
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impact stresses in the device. Without direct counteractive forces, they system should 
operate more predictably.  It also allowed longer rise and compression regions of the cam 
profile and allow for smoother operation.  The layout reduces what is known as “angular 
clutter.”   It was clear that a great deal of force was going to be created from the tool and 
would need to be harnessed to adequately transfer the force.   
 
The first step in the design of the cam and spring combination was the development of force 
and torque calculations.  A detailed Microsoft Excel spreadsheet was generated to calculate 
necessary spring forces and torques.  The Excel sheet is found in Appendix F.  Sample 
calculations are shown in Appendix G.  Most equations for forces and torques had to be 
derived.  Because of the ‘rule-breaking’ nature and complexity of the device, no cam design 
software or programs could be used.  Using advanced physics and geometry, the locations 
of different forces and their locations throughout the device were found.  These were 
combined with standard equations for motion and sizing of a cam.  As seen in Figure 6, the 
cam force calculations could be manipulated to work towards the solution.  The cam profile 
was selected to be simple harmonic motion.  Simple harmonic motion was chosen to reduce 
acceleration and impacting of the cam mechanism to reduce wear and have more 
predictable motion and dynamics.  The ends of the cam are both machined to allow a ½“ 
standard ratchet or impact wrench to fit into it.  The ½” standard drive was chosen because 
this is the most commonly used fastening tool and is very quick at applying more than 
suitable torque for any setting of the device.  The cam has three holes through it that allow 
the passing of three ¼”-28 shoulder bolts.  These holes are to attach the cam in either 
orientation to a plate in the housing.  This plate has a diameter protruding that fits into a 
bearing in the housing.  This bearing allows free spinning of the cam along with adequate 
support should the spring system fail.  This bearing is able to stay very small because of the 
small thrust forces and low speeds of the device.  The bearing is a size 608Z ball bearing.  
The cam and plate drawings are shown in Appendix H and I respectively.  The cam was 
attempted to be made from hardened aluminum.  The aluminum could never reach and 
acceptable hardness and therefore steel was used.  This did, however, lead to higher overall 
product weight.  A maximum force from the reaction of the spring from the cam profile was 
found to be 1250lb.  With maximum preload of 1500lbs added, 2750lbs acts between the 
cam and housing.  This setup requires a preload between 0 and 1500lb to transfer between 
50 and 150ft-lbs of torque.  The ideal transfer torque at 0lb preload is 57ft-lbs.  This is 
slightly higher than that of the product objective.  With the maximum preload of 1500lbs, a 
torque transfer of 155ft-lbs is expected.  However, with the inertia and overall efficiency of 
the device being included in the calculations, the actual torque transferred is estimated to be 
less than 50ft-lbs.  The calculated amount of resistance torque is dependant on the cam 
profile, the preload, and the spring constant that which the system is based.  The system 
preload, spring constant had to be matched perfectly to the cam design in order to transfer 
torque precisely.   
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Figure 6 – Cam Force Profile 
 
 
 
 

The necessary spring constant after slight settling of the springs was established at 
5000lb/in.  The springs are made with a constant of 5231lb/in.  These large springs were the 
only way to be able to achieve the large amount of resistance force on the cam to transfer 
torque.  This large force was what made the design of the mechanism so complex.  Special 
Belleville disc springs were found from Schnorr Spring Industries and were aligned four per 
cam lobe in parallel to allow for the proper characteristics.  The spring had to be able to 
handle .25” of lift.  This lift was chosen arbitrarily, and while handling over 1200lb of spring 
force, not be over .9 times the maximum deflection when in normal use while staying small 
enough to fit within the size constraints of the product.  Initially, a material that was ductile 
enough was attempted, but no material could be found with the strength and flexibility needs 
of the system.  Suitable Belleville disc springs were therefore utilized.  The spring is shown 
in Appendix J.  Example spring preloads and their corresponding torque settings are shown 
in Table 3.   
 
 

SPRING 
PRELOAD 

(LB) 

TORQUE 
TRANSFER 

(FT-LBS) 

0 57.1 
100 63.2 
250 72.6 
500 88.6 
1000 121.6 
1500 155.3 

Table 3 - Spring Preloads and Corresponding Torques 
 
 
The driven housing portion of the design was also a very tricky part of the product design.  
The housing had to be very strong as to not deform greatly.  There are no direct equations 
for point loads within a cylinder.  Therefore, curved beam equations had to be adapted to 
suit the situation.[8]  The beam was treated as half of the cylinder and the load was 
increased by 50% to make calculations simpler and give a worst case scenario design.  
Ample safety factors were applied in calculating all strengths and forces.  It was clear that 
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nearly all loading on the device was cyclic, and safety factors of six were used wherever 
applicable.  The housing was made of tool steel.  Because of the very high forces and the 
need for rigidity in such a device, aluminum could not be used despite the weight 
advantage.  The thickness of an aluminum housing, even precipitation hardened, was too 
much.  Steel grade 4340 hardened was chosen.  The housing is required to be at least .474” 
with a safety factor of 6.  This safety factor is to allot for vibration and residual stresses 
created by the impact wrench.  The housing was machined to .713” thickness prior to testing 
to keep the mechanism very stiff.  Stiffness of the housing was critical because of the 
precision of the cam and spring combination.  This material and geometry allows the entire 
package to be less than 6” in total diameter, well under that of the product objective.  The 
housing was designed as a total length of 2.39” around the cam.  This size was based on 
the size of most wrench adaptors.  An extra .50” was allotted to allow a socket to be 
attached to the housing to transfer the torque.  The socket end was designed and built to fit 
tightly around ½” sockets.  The housing is shown in Appendix K.   
 
The mechanism used to control the preload on the springs consists of alignment pins and 
large screws.  The inner diameter of the springs, per the manufacturer, is .807”.  Pins were 
designed with shoulders to support the spring force and come in direct contact with the cam.  
The pins’ outer diameter matches up to the inner diameter of the springs so that they may 
slide without kinking or slipping out of place, while having little restriction to motion.  These 
pins will ride and move as the springs compress during operation.  The pins are shown in 
Appendix L.  The pins slide into 1”-14 set screws in the housing.  Diametral recesses, 
matching the diameter of the alignment pins, allow for the motion to be restricted to purely 
radial and smooth.  The set screws are always in contact with these alignment tools and are 
.75” long to fully extend through the housing and be able to supply all necessary preload 
conditions to the springs.  The screws act as a bushing for the alignment pins and a 
compressor for the springs.  The screws are shown in Appendix M.  These parts are all 
made of 4340 hardened steel.  The housing of the device will be labeled with a key giving 
guidance to the rotation of the set screws and the corresponding torque of the device.  The 
settings will be based on a zero setting where the set screws just come into contact with the 
springs.  The small label will show a series of settings and the rotations necessary from zero 
to achieve.  This information is shown in Appendix N.  These parts are all to be precisely 
machined for a tight fit.  This allows any extra stress factors or deformation points to be 
neglected.  The assembly of the mechanism is shown in Appendix O.   
 
The manufacturing and assembly of the device were very simple.  The only complication 
was the location of a suitable CNC mill that was able to machine the cam profile.  Once a 
small shop donated the time to machine the cam, the problem was solved.  All other parts, 
except the springs, were machined on manual lathes and mills, without complication.     
 
The materials used for the mechanism were nearly all free of charge.  The cam was made 
from 1080 steel stock and heat treated.  The cam was cut from a solid piece and 
continuously machined along the profile.  The housing, alignment pins and screws were all 
made of tool steel.  The housing was cut billet from a 6” round bar 4” long.  The pins and 
screws were cut from 1-½“ bar.  The pieces were rough machined, heat treated to 800F for 
two hours, and quenched in room temperature water to build high levels of martensite.  The 
materials were all treated to have very brittle characteristics.  The brittle surface will greatly 
reduce wear and deformation.  This is very beneficial because of the precise matching of the 
system parts.  The bearing used is a 608Z bearing that is used regularly in small air 
ratchets.  There is a detailed bill of materials found in Appendix P.   
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SCHEDULE AND BUDGET 
 
An overall cost of $485 was established.  The majority of this cost, $400, was allotted to the 
clutching and release mechanism.  The stresses were based on the design modifications 
and touch-up and clutch design.  This is based on the QFD results.  This is to be used as a 
guideline in the product design and implementation process.  Clearly the largest part of the 
costs incurred is that of the clutch mechanism.  Because of the large weight and importance 
of the mechanism, the most money should be devoted to it.  A budget was generated to help 
focus the project.  See budget in Appendix Q.  A schedule was developed based upon the 
necessary design steps and a QFD analysis.  This schedule stressed the design and 
detailed coordination of materials and planning.  The schedule was generated around 
school times and the predetermined deadlines for completion.  By regular meetings with the 
senior advisor, Dr. Janak Dave, this schedule was maintained.  The device was shown at 
the CAS Tech Expo on May 16, 2007.  GBI Cincinnati Inc. awarded the Power Tool Torque 
Controller with an award for technical difficulty and advancement.  
  
The schedule of the design was stretched out significantly from the initial plan.  The 
problems with spring and cam matching and material strengths caused the design to be 
pushed back by several weeks.  Assembly of the mechanism was very simple and easily 
completed with only a press brake and hand tools.  The design allowed for easy machining 
and assembly to allow testing to take place over several weeks.  The original and final 
schedule comparison is shown in Appendix R. 
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PROOF OF DESIGN  
 
 The testing of the device took place over several weeks in May.  The accuracy of the 
device was very good.  The device was tested on a calibrated torque measuring device 
used by Campbell Hausfeld engineering development.  The device was set per the decal 
and design specifications and tested to see what the actual transfer torque was.  At the 
devices lowest setting, 50ft-lbs, the device transferred 57ft-lbs of torque.  The maximum 
torque setting, 150ft-lbs, transferred an actual torque of 148ft-lbs.  Overall, the testing of the 
device was very successful.  With all design and data problems, accuracy of this level is 
exceptional.  The operation of the device is the greatest success.  With calibration and 
corrections of the settings of the device, exact torque transfer can take place.  The device 
was very repeatable.  After several dozen cycles, the device remained stable in its transfer.  
After testing of well over 100 cycles, the device still transferred the same torque.  Very 
minimal wear or settling was experienced.  A table of the torque testing results is shown in 
Table 4.  Detailed test equipment information and results is shown in Appendix S.   
 
 
 
 
 
 
 
 
 
 
 

Table 4 – Torque Testing Results 
 
 
 
 
MODIFICATIONS TO PRODUCTION SAMPLE 
 

Should the Power Tool Torque Controller reach a production state, there are many 
changes that the device should undertake before becoming a final product.  The weight and 
size are the largest concerns for the product’s success in production.  The product weighs 
12lbs and is 5.6” in outside diameter.  If the reversible cam feature is eliminated, the cam will 
be able to be reduced in size dramatically.  This would allow the housing to be reduced in 
size also.  If the springs were to be custom designed, they would be able to be reduced in 
diameter.  The spring diameter is the limiting factor for the depth of the housing and cam.   
Should these changes be made the cam would be only 1” in base diameter, and the springs 
could be reduced to 1.5” in diameter approximately.  The device could be approximately 3.5” 
in diameter and approximately 5lb with these changes.  This device would be much more 
useful and easy to operate.  The operation and functionality of the device would not be 
changed.  The accuracy and simplicity of the device is very impressive and acceptable.   
 
 

Bolt 
Tension 
(PSI) 

Transfer 
Torque 
(ft-lbs) 

Design 
Torque 
(ft-lbs) 

9000 57.7 50 
10000 64.4 60 
13000 84.5 80 
15500 101.3 100 
18500 121.4 120 
21000 138.1 140 
22500 148.2 150 
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• REASONABLE COST ($74.00 FOR 3/8”, $94.90 FOR ½”) 
• PRESET TORQUE FROM FACTORY 
• SMALL AND CONVENIENT 
• TORQUE TESTER REQUIRED TO RESET TORQUE 
• NOT FOR USE WITH POWER TOOLS 
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[2] “INGERSOLL RAND ADJUSTABLE TORQUE CONTROL IMPACT WRENCH” 26 
September 2006.  http://www.irtools.com/IS/product.asp-en-2919 

 
• VERY EXPENSIVE($1290.60 FOR 5040, $1268.10 FOR 5020) 
• LIMITED TORQUE RANGE OF 10-30FT-LB 
• PRECISE TORQUE SETTINGS 
• DOES NOT REPLACE NORMAL IMPACT WRENCH 
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[3] “RAD PNEUMATIC TORQUE WRENCH” 26 September 2006.  
http://www.powerprod.com/PneumaticTorqueWrench350.htm 

 

 

 
 
. 
 
 
 
 

• LIMITED TO 
TORQUES ABOVE 
50FT-LBS 

• PRECISE TORQUE 
SETTINGS 

• VERY EXPENSIVE 
($3285) 

http://www.powerprod.com/PneumaticTorqueWrench350.htm�


 

Appendix A4 

[4] “TORQUE STICK ACCUTORQ EXTENTION BAR SET” 26 September 2006.  
http://www.torquestick.com/cart/catalog/10_PC_TIRE_SERVICEMASTER_KIT_1_2_DRIVE_TOR
QUE_EXTENSION_BARS-p-27.html 
 

 

 
 
 

• SPECIFIED TORQUES, 
UNADJUSTABLE 

• REASONABLY PRICED 
($138.95 FOR 10PC SET) 

• COLOR CODED 
• REQUIRES PRECISE IMPACT 
• HIGH TORQUES ONLY 
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[5] “Torque wrench air shut off”; 27 September 2006. 
http://www.freepatentsonline.com/4113080.html 

 
 
 

• LIMITED TO CHUCK 
TOOLS 

• NOT EASILY 
ADJUSTABLE 

• NOT COMMERCIALLY 
AVAILABLE 
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[6] “R + W Torque Limiters of America” 31 October 2006. http://www.rw-america.com/torque-
limiters/index.html 
 

 
 
 
 

• EXPENSIVE 
• INEFFICIENT RANGE 
• REQUIRES USE OF PRESS FIT 
• ACCURATE, ADJUSTABLE 
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APPENDIX B – SURVEY RESULTS 
 

Air Powered Torque Wrench 
Customer Survey – Results 

 
I am a senior doing my design project for Mechanical Engineering Technology.  I am interested in developing an air powered torque wrench 
for consumer use.  Please take a few moments to fill out this survey to help assist me in my design project.   
     
What is important to you for the use of a torque wrench air tool? Please circle the appropriate answer.  
 1 = low importance      5 = high importance        
RESPONSE FREQUENCY – 1 – 5 FROM DISTRIBUTED SURVEY                                        AVERAGE 
1 Precision  - - 8 7 15 N/A 4.2  
        
2 Accuracy  - - 4 6 18 N/A 4.5 
        
3 Durability  - - 6 10 10 N/A 4.2 
       
4 Low Torque Settings - 6 12 8 6 N/A 3.4  
        
5 High Torque Settings - 3 4 18 6 N/A 3.9 
        
6 Noise during operation 8 9 7 4 - N/A 2.3 
        
7 Ease of operation - 2 7 19 3 N/A 3.7 
        
8 Cost   - - 6 22 4 N/A 3.9 
        
9 Appearance  8 10 11 3 - N/A 2.3 
        
10 Reverse Torque  7 6 9 3 4 N/A 2.7 
 
Are you satisfied with the current fastening air tools?  Please circle the appropriate answer.       
1 = very unsatisfied      5 = very satisfied        
 
1 Precision  - 6 9 6 5 N/A 3.4 
        
2 Accuracy  - 6 10 8 3 N/A 3.3  
        
3 Durability  2 1 6 12 11 N/A 3.9  
        
4 Low Torque Settings 5 4 5 3 5 N/A 3.0  
        
5 High Torque Settings - 8 8 10 9 N/A 3.6  
        
6 Noise during operation - 6 9 8 7 N/A 3.5 
        
7 Ease of operation - - 7 11 10 N/A 4.1  
        
8 Cost   - 4 9 7 5 N/A 3.5  
        
9 Appearance  - - 14 11 4 N/A 3.7 
        
10 Reverse Torque  4 2 4 11 9 N/A 3.6  
 
Which would you be more interested in purchasing and using?        
 
 8 - Higher cost air torque wrench to replace other tools       
 28 - Lower cost air tool attachment to control torque       
 0 - Other       
 
Please list any other important features that you would like in a powered torque wrench.     
  Fits normal applications for traditional torque wrench, sliding dial mechanism 
What type of applications would you be using this torque controller for?      
  Automotive 
How much would you be willing to pay for this product? 18 $50 - $100 
       15 $100-$200 
       - $200-$500  
       - $500+ 
Thank you for your assistance     
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APPENDIX C - QFD 
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APPENDIX D – PRODUCT OBJECTIVES 
 
 

PRODUCT OBJECTIVES 
 
 
 
Customer Requirement Engineering                  Objective 
    Characteristic   
 
Precision Clutch Mechanism Device will be repeatable within 10ft-lb 
  
  Infinite Adjustability Device will have complete adjustability for torque or 

a minimum of 10 settings. 
  
Accuracy Clutch Mechanism Device will be within 10ft-lb of set torque. 
 
Durability Overall Size Overall size will be less than 3" long by 6" diameter. 
 
  Weight Device will weigh less than 3lb.   
 
Low Torque Settings Clutch Mechanism Device will have a minimum settable torque of 50 ft-

lb. 
 
High Torque Settings Clutch Mechanism Device will have a maximum settable torque of 150 

ft-lb. 
 
Reverse Torque Clutch Mechanism Device will be capable of reverse torque, to 100 ft-

lb. 
 
Noise Noise Production Device will have less than 10 dB increased noise 

from tool used on. 
 
Cost   Device will be less than $100 to consumer. 
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APPENDIX E – CAM SYSTEM LAYOUT  
 
 
 
 



 

Appendix F1 

APPENDIX F – EXCEL CALCULATION SHEET 
CAM DESIGN         Total Resistance Torque 1863.5301 155.29418 

POWER TOOL TORQUE CONTROL               

              DRIVER TORQUE 100 
< FT-LBS                        
IN-LBS > 1200 

JOE O'CONNOR   SYSTEM MASS (BL) 0.5 DRIVER SPEED 150 
< RPM   

RAD/S > 15.70795 
28-Jan-07 5231.71 DAMPING COEF. (c) 0.5 TOTAL RISE     0.25 

s f k SPRING CONST. (k) 5000 RISE INTERVAL 80 
< DEGREES   
RADIANS > 1.3962622 

0.041 858 20926.829 SPRING PRELOAD(LB) 1500 FALL INTERVAL 20 
< DEGREES   
RADIANS > 0.3490656 

    4.1853659 BASE CIRCLE DIA(IN) 2 DWELL INTERVAL 20 
< DEGREES   
RADIANS > 0.3490656 

                          

ANGLE 
(°) 

ANGLE 
(RAD) S V A J PRESSURE 

ANGLE (ΦRAD) 
FORCE 

TANGENT (LB) 

RESISTANCE 
TORQUE (IN-

LB) 

SPRING 
FORCE 
FROM 
SHAPE 

0 0 0.000 0.000 0.633 0.000 0.0000 0.00 0.00 0.00 

1 0.0175 0.000 0.011 0.632 -0.056 0.0110 16.57 16.57 0.49 

2 0.0349 0.000 0.022 0.631 -0.112 0.0221 33.13 33.14 1.94 

3 0.0524 0.001 0.033 0.628 -0.167 0.0330 49.69 49.73 4.35 

4 0.0698 0.002 0.044 0.625 -0.223 0.0439 66.23 66.34 7.72 

5 0.0873 0.002 0.055 0.621 -0.278 0.0547 82.77 82.96 12.04 

6 0.1047 0.003 0.066 0.615 -0.332 0.0653 99.28 99.62 17.30 

7 0.1222 0.005 0.076 0.609 -0.386 0.0758 115.76 116.31 23.50 

8 0.1396 0.006 0.087 0.602 -0.440 0.0862 132.22 133.03 30.63 

9 0.1571 0.008 0.097 0.594 -0.493 0.0963 148.63 149.78 38.68 

10 0.1745 0.010 0.108 0.585 -0.545 0.1062 165.00 166.57 47.63 

11 0.192 0.011 0.118 0.575 -0.596 0.1159 181.31 183.39 57.47 

12 0.2094 0.014 0.128 0.564 -0.646 0.1253 197.54 200.23 68.19 

13 0.2269 0.016 0.137 0.552 -0.696 0.1345 213.69 217.10 79.76 

14 0.2443 0.018 0.147 0.540 -0.744 0.1433 229.74 233.97 92.17 

15 0.2618 0.021 0.156 0.526 -0.791 0.1519 245.68 250.85 105.41 

16 0.2793 0.024 0.165 0.512 -0.837 0.1601 261.48 267.72 119.45 

17 0.2967 0.027 0.174 0.497 -0.881 0.1680 277.12 284.56 134.26 

18 0.3142 0.030 0.183 0.481 -0.925 0.1755 292.59 301.35 149.84 

19 0.3316 0.033 0.191 0.465 -0.966 0.1827 307.86 318.09 166.14 

20 0.3491 0.037 0.199 0.447 -1.007 0.1895 322.91 334.74 183.16 

21 0.3665 0.040 0.207 0.430 -1.046 0.1960 337.71 351.27 200.85 

22 0.384 0.044 0.214 0.411 -1.083 0.2021 352.24 367.68 219.20 
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23 0.4014 0.048 0.221 0.392 -1.118 0.2078 366.46 383.91 238.18 

24 0.4189 0.052 0.228 0.372 -1.152 0.2131 380.35 399.95 257.75 

25 0.4363 0.056 0.234 0.352 -1.184 0.2180 393.88 415.76 277.89 

26 0.4538 0.060 0.240 0.331 -1.214 0.2225 407.01 431.30 298.56 

27 0.4712 0.064 0.245 0.309 -1.242 0.2267 419.71 446.54 319.73 

28 0.4887 0.068 0.251 0.287 -1.269 0.2304 431.96 461.44 341.38 

29 0.5061 0.073 0.255 0.265 -1.293 0.2338 443.71 475.96 363.47 

30 0.5236 0.077 0.260 0.242 -1.315 0.2367 454.94 490.05 385.95 

31 0.5411 0.082 0.264 0.219 -1.336 0.2393 465.61 503.67 408.81 

32 0.5585 0.086 0.267 0.196 -1.354 0.2414 475.69 516.78 432.00 

33 0.576 0.091 0.271 0.172 -1.370 0.2432 485.15 529.33 455.48 

34 0.5934 0.096 0.273 0.148 -1.384 0.2446 493.95 541.28 479.23 

35 0.6109 0.101 0.276 0.123 -1.396 0.2456 502.06 552.58 503.21 

36 0.6283 0.105 0.278 0.099 -1.406 0.2462 509.46 563.18 527.37 

37 0.6458 0.110 0.279 0.074 -1.414 0.2464 516.10 573.03 551.68 

38 0.6632 0.115 0.280 0.050 -1.419 0.2463 521.98 582.10 576.10 

39 0.6807 0.120 0.281 0.025 -1.423 0.2458 527.04 590.34 600.60 

40 0.6981 0.125 0.281 0.000 -1.424 0.2450 531.29 597.70 625.14 

41 0.7156 0.130 0.281 -0.025 -1.423 0.2438 534.67 604.13 649.68 

42 0.733 0.135 0.280 -0.050 -1.419 0.2422 537.19 609.60 674.18 

43 0.7505 0.140 0.279 -0.074 -1.414 0.2403 538.80 614.07 698.60 

44 0.7679 0.145 0.278 -0.099 -1.406 0.2381 539.51 617.50 722.91 

45 0.7854 0.149 0.276 -0.123 -1.396 0.2355 539.28 619.84 747.07 

46 0.8029 0.154 0.273 -0.148 -1.384 0.2327 538.11 621.08 771.04 

47 0.8203 0.159 0.271 -0.172 -1.370 0.2295 535.99 621.18 794.78 

48 0.8378 0.164 0.267 -0.196 -1.354 0.2259 532.90 620.10 818.27 

49 0.8552 0.168 0.264 -0.219 -1.336 0.2221 528.85 617.83 841.45 

50 0.8727 0.173 0.260 -0.242 -1.315 0.2180 523.81 614.34 864.31 

51 0.8901 0.177 0.255 -0.265 -1.293 0.2136 517.80 609.62 886.79 

52 0.9076 0.182 0.251 -0.287 -1.269 0.2090 510.81 603.65 908.87 

53 0.925 0.186 0.245 -0.309 -1.242 0.2040 502.85 596.42 930.51 

54 0.9425 0.190 0.240 -0.331 -1.214 0.1988 493.93 587.93 951.68 

55 0.9599 0.194 0.234 -0.352 -1.184 0.1933 484.04 578.16 972.35 

56 0.9774 0.198 0.228 -0.372 -1.152 0.1876 473.21 567.13 992.48 

57 0.9948 0.202 0.221 -0.392 -1.118 0.1817 461.45 554.84 1012.04 

58 1.0123 0.206 0.214 -0.411 -1.083 0.1755 448.77 541.29 1031.01 

59 1.0297 0.210 0.207 -0.430 -1.046 0.1691 435.19 526.51 1049.35 

60 1.0472 0.213 0.199 -0.447 -1.007 0.1625 420.74 510.52 1067.04 
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61 1.0646 0.217 0.191 -0.465 -0.966 0.1556 405.43 493.33 1084.05 

62 1.0821 0.220 0.183 -0.481 -0.925 0.1486 389.31 474.97 1100.34 

63 1.0996 0.223 0.174 -0.497 -0.881 0.1414 372.38 455.48 1115.91 

64 1.117 0.226 0.165 -0.512 -0.837 0.1340 354.69 434.90 1130.72 

65 1.1345 0.229 0.156 -0.526 -0.791 0.1265 336.27 413.25 1144.75 

66 1.1519 0.232 0.147 -0.540 -0.744 0.1188 317.15 390.60 1157.97 

67 1.1694 0.234 0.137 -0.552 -0.696 0.1109 297.37 366.98 1170.38 

68 1.1868 0.236 0.128 -0.564 -0.646 0.1029 276.97 342.44 1181.94 

69 1.2043 0.239 0.118 -0.575 -0.596 0.0948 256.00 317.06 1192.65 

70 1.2217 0.240 0.108 -0.585 -0.545 0.0865 234.48 290.87 1202.48 

71 1.2392 0.242 0.097 -0.594 -0.493 0.0782 212.47 263.95 1211.42 

72 1.2566 0.244 0.087 -0.602 -0.440 0.0698 190.01 236.35 1219.45 

73 1.2741 0.245 0.076 -0.609 -0.386 0.0612 167.15 208.16 1226.57 

74 1.2915 0.247 0.066 -0.615 -0.332 0.0526 143.94 179.43 1232.76 

75 1.309 0.248 0.055 -0.621 -0.278 0.0440 120.42 150.23 1238.02 

76 1.3264 0.248 0.044 -0.625 -0.223 0.0352 96.64 120.66 1242.33 

77 1.3439 0.249 0.033 -0.628 -0.167 0.0265 72.66 90.77 1245.68 

78 1.3614 0.250 0.022 -0.631 -0.112 0.0177 48.53 60.64 1248.08 

79 1.3788 0.250 0.011 -0.632 -0.056 0.0088 24.29 30.36 1249.52 

80 1.3963 0.238 -0.019 0.000 0.000 -0.0084 -22.52 -50.38 1187.0 

81 1.4137 0.225 -0.019 0.000 0.000 -0.0084 -22.12 -49.21 1124.6 

82 1.4312 0.213 -0.019 0.000 0.000 -0.0085 -21.71 -48.04 1062.1 

83 1.4486 0.200 -0.019 0.000 0.000 -0.0085 -21.30 -46.87 999.6 

84 1.4661 0.188 -0.019 0.000 0.000 -0.0086 -20.89 -45.70 937.1 

85 1.4835 0.175 -0.019 0.000 0.000 -0.0086 -20.47 -44.52 874.7 

86 1.501 0.163 -0.019 0.000 0.000 -0.0087 -20.05 -43.35 812.2 

87 1.5184 0.150 -0.019 0.000 0.000 -0.0087 -19.62 -42.18 749.7 

88 1.5359 0.138 -0.019 0.000 0.000 -0.0088 -19.19 -41.01 687.2 

89 1.5533 0.125 -0.019 0.000 0.000 -0.0088 -18.75 -39.84 624.8 

90 1.5708 0.113 -0.019 0.000 0.000 -0.0089 -18.30 -38.67 562.3 

91 1.5882 0.100 -0.019 0.000 0.000 -0.0089 -17.86 -37.50 499.8 

92 1.6057 0.088 -0.019 0.000 0.000 -0.0090 -17.40 -36.32 437.3 

93 1.6232 0.075 -0.019 0.000 0.000 -0.0090 -16.94 -35.15 374.9 

94 1.6406 0.063 -0.019 0.000 0.000 -0.0091 -16.48 -33.98 312.4 

95 1.6581 0.050 -0.019 0.000 0.000 -0.0091 -16.01 -32.81 249.9 

96 1.6755 0.038 -0.019 0.000 0.000 -0.0092 -15.53 -31.64 187.4 

97 1.693 0.025 -0.019 0.000 0.000 -0.0093 -15.05 -30.47 125.0 

98 1.7104 0.013 -0.019 0.000 0.000 -0.0093 -14.56 -29.30 62.5 

99 1.7279 0.000 -0.019 0.000 0.000 -0.0094 -14.06 -28.13 0.0 

100 1.7453 0.000 0.000 0.000 0.000 0 0 0 0 
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101 1.7628 0.000 0.000 0.000 0.000 0 0 0 0 

102 1.7802 0.000 0.000 0.000 0.000 0 0 0 0 

103 1.7977 0.000 0.000 0.000 0.000 0 0 0 0 

104 1.8151 0.000 0.000 0.000 0.000 0 0 0 0 

105 1.8326 0.000 0.000 0.000 0.000 0 0 0 0 

106 1.85 0.000 0.000 0.000 0.000 0 0 0 0 

107 1.8675 0.000 0.000 0.000 0.000 0 0 0 0 

108 1.885 0.000 0.000 0.000 0.000 0 0 0 0 

109 1.9024 0.000 0.000 0.000 0.000 0 0 0 0 

110 1.9199 0.000 0.000 0.000 0.000 0 0 0 0 

111 1.9373 0.000 0.000 0.000 0.000 0 0 0 0 

112 1.9548 0.000 0.000 0.000 0.000 0 0 0 0 

113 1.9722 0.000 0.000 0.000 0.000 0 0 0 0 

114 1.9897 0.000 0.000 0.000 0.000 0 0 0 0 

115 2.0071 0.000 0.000 0.000 0.000 0 0 0 0 

116 2.0246 0.000 0.000 0.000 0.000 0 0 0 0 

117 2.042 0.000 0.000 0.000 0.000 0 0 0 0 

118 2.0595 0.000 0.000 0.000 0.000 0 0 0 0 

119 2.0769 0.000 0.000 0.000 0.000 0 0 0 0 

120 2.0944 0.000 0.000 0.000 0.000 0 0 0 0 
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APPENDIX G – SAMPLE CALCULATIONS 
 
 
CAM CALCULATIONS:  
 
S = RISE OF CAM FOLLOWER AT PARTICULAR THETA (IN) 
V = VELOCITY OF CAM FOLLOWER AT PARTICULAR THETA (IN/S) 
A = ACCELERATION OF CAM FOLLOWER AT PARTICULAR THETA (IN/S^2) 
J = JERK OF CAM FOLLOWER AT PARTICULAR THETA(IN/S^3) 
Rp = PRIME RADIUS OF CAM (IN) 
M = EFFECTIVE SYSTEM MASS (Bl) 
K = SPRING CONSTANT (LB/IN) 
H = TOTAL RISE (IN) 
Φ =  PRESSURE ANGLE OF CAM (RAD) 
β = TOTAL ANGLE OF CAM RANGE (RAD) 
θ = ANGLE WITHIN β TO BE ANALYZED (RAD) 
 
S = (H/2)*(1-COS(π* θ / β)) 
 
V = = π / β *(H/2)*SIN(π *( θ / β)) 
 
A= (π ^2)/(( β)^2)*(H/2)*COS(π * θ /( β)) 
 
J =-(( π ^3)/( β ^3))*(H/2)*SIN(π * θ / β) 
 
Φ = ATAN((V)/(S+Rp)) 
 
SPRING FORCE FROM CAM SHAPE = =M/386*A+C*V+K*S 
 
FORCE TANGENT = (PRELOAD+SPRING FORCE FROM SHAPE)*TAN(Φ) 
 
RESISTANCE TORQUE FOR EACH LOBE = FORCE TANGENT * (Rp + S) 
 
 
RESISTANCE TORQUE WAS MULTIPLIED BY THREE TO GET FULL RESISTANCE. 
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Housing thickness –  
 

 σ/n = 2

2

*5.1
)5.1*2750(6*

))1)2)((2(3(

8.)2(3)2(3

h
lb

h
R

h
R

h
R

h
R

−

−−
 

 
 
R = 2.5 from 5” estimated housing diameter 
h = thickness 
 
h = .474 using 212,000psi and n=6 for stress 
 
 
 
 
Alignment pins – 
 
 Base shoulder thickness 
 
 
σ/n = F/A 
 
212,000/6 = 2750/(.807*π*t) 
 
t=.030” minimum.  This seems very low, however, because of pure shear and such high Sy for 
material,  the value is reasonable. 
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APPENDIX H – CAM DRAWING 
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APPENDIX I – PLATE DRAWING 
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APPENDIX J – SPRING DRAWING 
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APPENDIX K – HOUSING DRAWING 
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APPENDIX L – ALIGNMENT PIN DRAWING 
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APPENDIX M – SET SCREW DRAWING 
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APPENDIX N – TORQUE SETTING GUIDE 
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APPENDIX N – TORQUE SETTING GUIDE 
 
 

 
 
   Proposed Layout         Decal Format
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APPENDIX O – ASSEMBLY DRAWING 
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APPENDIX P – BILL OF MATERIALS 
 
 
 

PART MATERIAL COST 

CAM 
Stock carbon 
Steel STOCK 

HOUSING 
4340 STEEL + 
HEAT TREAT STOCK 

ALIGNMENT 
PINS 

4340 STEEL + 
HEAT TREAT STOCK 

SET SCREWS 
4340 STEEL + 
HEAT TREAT STOCK 

SPRINGS 
HARDENED 
STEEL $24.08  
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APPENDIX Q - BUDGET 
 
 

Air Powered Torque Control Budget 
     

Materials, Components or Labor Forecasted Amount Actual Amount 

     
     
Clutch Plates $400.00  Springs-$24 
Clutch control  Cam - Stock 
Housing $35.00  Stock 

Misc. services/parts $50.00  Stock 

Total $485.00  $24 
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APPENDIX R – SCHEDULE COMPARISON 
Planned – Top; Actual – Bottom  
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APPENDIX S – TEST DATA 
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