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Abstract 
 The purpose for this design project was to develop an affordable kit to increase 

the displacement and ultimately the power of a ’69-’72 Harley Davidson Sprint 

motorcycle.  The scope of the project was the increase the displacement of the motor by a 

minimum of 20% and increase both the horsepower and the torque by a minimum of 

10%, all while maintaining most of the stock components as well as the original external 

appearance of the motor for a cost of no more than $3000. 

Through the use of SolidWorks cad software, the design was completed to 

exacting tolerances allowing the largest displacement possible while maintaining the 

criteria listed above.  Hand calculations as well as COSMOSworks Finite Element 

Analysis (FEA) program confirmed that the new components could withstand the violent 

conditions that they would be subjected to.  The use of FEA allowed the parts to not only 

be reduced in size, weight and cost but also allowed the components to be designed in the 

strongest profiles possible. 

Performance tests show a displacement increase of 27%, a horsepower increase of 

17% and an average increase in torque of 48%.  The prototype maintained all stock 

components except for the three components that were designed, maintained the original 

external appearance, and costs less than half of what was expected. 

The prototype design was a success and met or exceeded all of the performance 

requirements.  The reduced actual cost leaves room for better profit margins if the kit 

were to be mass produced, as well as a budget for improving the prototype design. 
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Introduction 
In the realm of vintage motorcycles, more power is always an advantage when 

riding.  The specific problem is the lack of displacement of a 1969 to 1972 Harley 

Davidson Sprint.  Currently, to increase the displacement the consumer must purchase 

components from Aermacchi Racing, The Netherlands to complete this process.  Since 

cost is in excess of $17,000, the common rider, whether a street rider or a vintage racer, 

cannot justify this cost for the gains.   

The reason for the enormous cost of Aermacchi Racing’s motor kit is that the 

consumer needs to buy all of the following components from the manufacturer in the 

Netherlands: new cast center cases, new flywheels, new piston, new jug casting, new 

head casting, new transmission, all external gearing plus all of the necessary gaskets, 

bearings and hardware, basically the entire engine’s components.  Gains in power can 

range from 5% to 40% brake horsepower [1]. 

 A more cost efficient kit is in need because consumers are still racing and riding 

these motorcycles, and more power would make these bikes more manageable on the 

street as well as on the track.  The ability to make the motor race compatible, higher 

compression and higher rev limit are a must for the kit.   

Although there are other ways of gaining power from an engine whether it be a 

performance cam, larger valves or higher compression, increasing the displacement is 

one of the most effective ways to gain power output.  Ron Lancaster of Lancaster Sprints 

builds race motors for these specific bikes using the stock components and he ahs 

expressed interest in a way to increase the displacement economically and maintain the 

reliability of the motor [2]. 

 Research and rough calculations suggest that the displacement can be increased 

by approximately 20% while retaining the stock cases, stock flywheels and other parts 

greatly reducing the cost of stroking this type of motor.  The limitations of stroking the 

stock motor are the internal components and their clearances as well as the spacing 

between the head studs on the stock cases.  The main concern in the design is the 

clearances between the transmission gears.  The kit that was designed takes into account 

all of these limitations and is designed to close tolerances generating maximum gains in 

displacement and ultimately in power. 

  



  

Project Objectives 

The goals of this prototype are listed below listed below. 

 Increase the displacement of the motor by 20%.   

 Use stock components (either from that exact motor or from another model and or 

year) except for piston, connecting rod and crank pin.   

 The motor will have a power increase in horsepower and torque of 10% or more.   

 The complete motor will have a stock appearance.   

The above listed goals will be carried out throughout the design creating the largest 
gains in power possible and the greatest displacement possible.



  

Design Solutions 
Surveys & House of Quality 
 A survey was conducted of 17 motorcyclists, some of whom have familiarity with 

the Harley Sprint.  From their responses, customer requirements for the House of Quality 

were determined.  Survey and survey results can be seen in Appendix 1 and Appendix 2 

respectively.  The House of Quality can be seen in Appendix 3. 

 From the customer requirements, the engineering characteristics were determined 

to achieve a reliable engine with the most power capabilities and an affordable cost.  

These requirements are reliability, ease of maintenance, Use of stock cases, use of stock 

internals, ability to make a race motor and a higher rev limit.  From the surveys and the 

house of quality, components must be able to withstand racing conditions, which was 

rated as one of the most needed requirements.  As a result of the race motor capability the 

components must be able to withstand a higher rev limit over the stock 7000 RPM. 

 
 



  

Displacement Increasing Concepts 
There are several options for increasing the displacement of this specific engine.  

These are listed below.  Sketches are shown in the appendices as noted. 

 Forced induction via turbocharger or supercharger (Appendix 5) 

 Increased bore (Appendix 6) 

 Increased stroke (Appendix 7) 

 Nitrous oxide induction system (Appendix 8) 

 Increasing both bore and stroke (Appendix 9) 

The concept of increasing both the bore and the stroke was picked through the 

weighted decision matrix shown in Appendix 4.  The forced induction concept and the 

nitrous oxide concept were disregarded due to cost and the fact that nitrous oxide is 

illegal not only on the street but also in the motorcycle racing world.  The weighted 

decision matrix reviews the currently produced kit, increased bore, increased stroke and 

the combination of increased bore and stroke. 

 

 



  

Solution  
The stroker kit increases the bore and the stroke of the motor while maintaining 

all stock components, except for the connecting rod, crank pin and piston while retaining 

a stock appearance.  The kit increases the piston diameter from 74 mm to 80 mm and the 

crank stroke form 80 mm to 86.6 mm.  These increases in the bore and stroke create a 

final displacement of 436 cubic centimeters compared to the 344 cubic centimeters of a 

stock motor. 

Through the use of an offset bearing race (Figure 1 & 2) on the crank pin an 

additional 6.6mm of stroke was gained.  The offset on the crank pin is 3.3 mm (.130 

inches).  A transmission gear limits any additional stroke beyond 3.3mm.  The clearance 

between the transmission gear and the end of the connecting rod is .060 inches with the 

designed 3.3 mm offset. 

Fully dimensioned parts can be seen in Appendices 10-12. 

 
Figure 1 Eccentric Crank Pin 

 
Figure 2 Eccentric Crank Pin Assembly 

Connecting Rod 

Eccentric Pin 

Stock Flywheel 

Eccentric Pin 
Oil Passages 

Bearing Race 



  

Calculations 
 The piston velocity and accelerations were determined for every degree of crank 

rotation to find the worst case loading on the rotating components of the engine.  The 

maximum engine RPM (redline) had to be established and remain within the Harley 

Davidson N-6 Racing cam specifications. An original Harley Davidson N-6 Racing grind 

cam was used.  The factory determined redline for the N-6 cam is 8000 RPM [2].  Once 

the redline of the motor was established, an Excel spreadsheet was written to calculate 

the piston velocity and acceleration assuming no friction from the piston rings.  Working 

Model Analytical Analysis software was also utilized to verify that the Excel calculations 

were correct.   The maximum piston velocity is 122.5 feet per second and the maximum 

acceleration is 128,669.6 inches per second squared.  To determine the dynamic loading 

conditions, the acceleration was multiplied by the mass of the piston which is .0233 slugs 

(.75 pounds/32.2 ft/sec2

 Shear Stresses (double shear) 

) producing a force of 2,996.96 pounds.   

Establishment of the factor of safety (FOS) was difficult due to the lack of 

knowledge in connecting rod manufacturing.  Eagle High Performance Connecting Rods 

technical support assumed that a FOS of 3 or 4 would be acceptable for calculation of the 

required strength [4].  With the lack of knowledge of what an actual FOS should be, 4 

was the assumed factor.  The higher FOS would create more insurance that the parts 

would be strong enough.  The final worst case loading condition force is 11,987.9 (FOS* 

Acceleration) pounds.  

Now that the force was determined, further component calculations could be 

completed.  Below is a list of necessary.  Complete analytical calculations can be seen in 

Appendix 13. 

o Crank journal 

o Wrist pin 

 Stress Concentrations 

o Crank journal 

o Wrist pin journal 

 Torsional shear stresses 

o Due to the forces acting on the eccentric pin 



  

FEA Verification 
FEA verification on the connecting rod was also conducted due to the high 

stresses in the member.  Loading and restrain conditions were treated as a bearing force 

acting on the outer half of each of the inner races of the crank journal as also the wrist pin 

journal.  Loading and restraint conditions can be seen below in Figure 3 and actual stress 

diagram in Figure 4.  Maximum FEA stress in rod is 222,237.0 psi which is below the 

materials yield strength of 242,000 psi.  

Figure 3 Connecting Rod Loading Conditions 

 
Figure 4 Connecting Rod Stress Diagram 

Maximum Stress Area 



  

 Budget 
 The budget for this project will be based on several factors: Cost of parts, cost of 

machining and cost of labor and assembly costs.  Budgeted costs are shown in Appendix 

14.  The graph shows the complete cost to build the entire motor.  The parts cost for the 

needed components was $1200 compared to the $3000 anticipated cost. 

 
 

 



  

Bill of Materials 
The bill of materials (BOM) shown in Appendix 15 does not include the parts 

necessary to refurbish the motor, ex. bearings, seals, gaskets ect.  Parts of that nature will 

need to be determined as needed per each instillation.  The BOM shows only the 

necessary parts to build one of these motors.  The parts that will be supplied in the kit 

will only be the piston, connecting rod, crank pin and crank bearings. 



  

Build and Test 
 All parts were machined by different machine shops due to the complexity of the 

parts.  The companies that were used are listed below: 

 Aries Forged Pistons:  Piston Machining 

 Carrillo High Performance Connecting Rods:  Connecting Rod Machining 

 Tektonic Performance: Eccentric Crank Pin Machining 

 Lancaster Sprints: Final fit and finish of cylinder 

Assembly was done by following the Harley Davidson Sprint service manual in 

every aspect once all parts were received [5].  A sample of a section of the Harley 

Davidson manual can be seen in Appendix 16.  Assembling the motor took 10.5 hours of 

continuous work.  Once the motor was completely assembled, the bike was then ridden 

250 miles to tune and debug all components of the motor.  Once the motor was 

completely tuned, dynamometer testing was done at Cincycycles in Amelia Ohio. 



  

Testing Results 
A design criteria comparison can be seen below: 

 Displacement: 
o Stock:   344 
o New Design:  436 
o Proposed Gain: 20% 
o Actual Gain:  27% 

 Horsepower: 
o Stock:   21.1 
o New Design:  24.7 
o Proposed Gain: 10% 
o Actual Gain:  17% 

 Torque: 
o Stock:   31.1 
o New Design:  56.9 
o Proposed Gain: 10% 
o Actual Gain:  48% (average) 

 
All testing was dynamometer testing was done on May 13, 2005 at Cincycycles.  

Dynamometer curves of the prototype motor can be seen in Appendix 18 and 19.  
Dynamometer curves of a stock motor can be found in Appendix 17. 

 



  

Conclusion and Recommendations 
The technical significance of this prototype was to increase the displacement and 

ultimately the power of a ’69-’72 Harley Davidson Sprint.  The achievements of the 

prototype include a 27% increase in displacement, a 17% increase in horsepower, an 

average of 48% increase in torque.  The bike maintained the stock exterior appearance 

and the kit will be priced at well under $3000.  The proof of design can be examined 

throughout the design and testing portions of this report. 

Time schedule was not necessarily an issue throughout the entire process.  The 

schedule had accommodated possible mishaps by pushing the design freeze up to the end 

of January rather than the end of February in anticipation that the needed deadlines could 

not be met by the utilized machine shops.  The machine shop that did delay assembly and 

testing produced the crank pin.  Since the pin was the core component and no assembly 

work could be done until the part was complete, assembly time was set back by 4 weeks.  

Once the pin was complete the motor was assembled and running 3 weeks ahead of the 

MET deadline. 

The budget for the project was also not an issue.  The proposed cost for the entire 

kit, not including the cost to refurbish the motor, was $3000.  The parts in the kit were 

acquired for $1300, which was drastically lower than expected.  With the possibility of 

marketing the kit, the reduced actual cost leaves room for better profit margins as well as 

a budget for improving the prototype design. 

The biggest improvement that the kit could use is a possible mechanical locating 

system on the crank pin.  As it is today, the crank uses only friction from a press fit to 

hold the pin in place.  With the forces that act on the eccentric, the pin is subject to 

possible dislocation in the crank flywheels.  A locating system, whether it be a key way 

or a set screw, would also aid in the assembly by locating the pin at its extreme offset. 
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Appendix 1: Survey 
 
Increasing power in a Harley Davidson Sprint motorcycle 
 

1. Would you like to have increased power from your motorcycle? 

Yes No 

2. What percentage of power increase would you like to have? 

5%  7.5%  10%  12.5%  15%  17.5%  20%  20%+ 

3. How much extra would you be willing to pay for the above selected increases in 
power? 

$1000 $1000-1500 $1500-2000 $2000-2500 $2500-3000 $3000+ 

4. Are you familiar with the Harley David Sprint and its performance? 

Yes No 

5. What other types of modifications would you like to see? 
 
 
If you owned a bike that has a motor setup like this would you be willing to pay for 
premium gasoline for this setup? Yes No 
 
What other modifications would you like to see to increase performance of your bike? 
 
 
 
Any other comments or suggestions: 
 
 
 
Thank you so much for you time! 



  

Appendix 2: Survey Results 
Survey No. Question 1 Question 2 Question 3 Question 4 Question 5 & 7 Question 6 Question 8

1 Yes 20+ 1000-1500 No Suspension No This is a great project
2 Yes 20 1000 No Loud pipe No N/A
3 Yes 20+ 1500-2000 No Flaming Exhaust Yes N/A
4 Yes 15 1000 No N/A Yes N/A
5 Yes 20+ 2000-2500 Yes Turbocharger Yes N/A
6 Yes 12.5 1000 Yes Brake Modifications & suspension Yes Good Luck
7 Yes 15 1000-1500 No Lighter weight/ faster stopping Yes N/A
8 Yes 20+ 1000-1500 No Traction control, minimize power going to ground Yes Better Handeling
9 Yes 10 1500-2000 No N/A Yes Maintain cooling capacity
10 Yes 20+ 1000 No N/A Yes N/A
11 Yes 15 1000-1500 No Nitrous Oixide, turbo or supercharger No Top fuel drag bike conversion kit
12 Yes 20 1000-1500 No N/A Yes N/A
13 No 20 1000 No N/A No Free flowing exhaust
14 No N/A N/A No N/A N/A Not farmiliar with the HD Sprint
15 Yes 20 1000 Yes Just power, lighter weight of bike No N/A
16 Yes 20+ 1500-2000 No N/A Yes N/A
17 Yes 20+ 1000-1500 No Nitrous oxide, supercharging, stroker kit, suspension Yes N/A

 



  

Appendix 3: House of Quality 
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Appendix 4: Weighted Decision Matrix 

Design Criteria Weight Factors Units Magnitude Score Ratings Magnitude Score Ratings
Reliability 0.3 Exp. 8 8 2.4 8 8 2.4
Cost 0.1 $ 17,000 2 0.2 1110 8 0.8
Repariability 0.15 Exp. Fair 4 0.6 Good 6 0.9
Durability 0.15 Exp. Good 8 1.2 Good 8 1.2
Power Increase 0.3 HP 20 8 2.4 8 4 1.2

1 6.8 6.5

Design Criteria Weight Factors Units Magnitude Score Ratings Magnitude Score Ratings
Reliability 0.3 Exp. 8 8 2.4 8 8 2.4
Cost 0.1 $ 1110 8 0.8 2000 7 0.7
Repariability 0.15 Exp. Good 6 0.9 Good 7 1.05
Durability 0.15 Exp. Good 8 1.2 Good 9 1.35
Power Increase 0.3 HP 8 4 1.2 12 7 2.1

1 6.5 7.6

Weighted Decision Matrix for Different Means of Increasing Power
Kit from Europe Just Incresing Bore

Just Incresing Stroke Increase Bore and Stroke



  

Appendix 5: Forced Induction via Turbocharger or Supercharger 

 

 
 

 Insufficient room 
 Illegal for vintage racing classes 
 Expensive to maintain 
 Internal components not suitable for forced induction



  

Appendix 6: Increasing Bore 

 
 Bore can only be increased to a certain extreme with out head studs being 

relocated 
 Internal components are not suitable for the increased bore and stresses



  

Appendix 7: Increasing Stroke 

 

 
 Creates interference with the cylinder head when stock components are used 
 Current parts are not suitable for increased power and stresses



  

Appendix 8: Nitrous Oxide Induction System 

 
 Illegal in vintage racing circuit 
 Illegal on street 
 Very expensive to maintain 
 Internal components not suitable for pressures and stresses 



  

Appendix 9: Increasing Bore and Stroke (Selected Concept)  



  

Appendix 10: Eccentric Pin Detailed Drawing 

  
 
Material 
Crank Pin 
8620 alloy steel 

Heat Treating: Flame hardened to 57-60 Rockwell C to 0.125 inches of depth 

Material Spec: Original Harley Davidson material spec [2]  

Manufacture: Custom Machined by Tekonic Performance 

Material Properties: 

 Shear Stress:   11,600 ksi 



  



  

Appendix 11: Connecting Rod Detailed Drawing 

  
 
Material 
Connecting Rod 
Forged 4340 alloy steel 

Heat treating: Hardened to 57-60 Rockwell C to 0.125 inches of depth 

Specs: Carrillo Connecting Rod  

Manufacture: Custom Machined by Carrillo Connecting Rods Inc. 

Material Properties: 

 Ultimate Strength: 274,000 psi 

 Yield Strength: 242,000 psi 



  
 



  

 Appendix 12: Piston Detailed Drawing 

 
 

 
Material 
Piston 
Forged 6061-T6 Aircraft Quality Aluminum 

Heat Treating: None, T-6 spec 

Material Spec: Aries Performance Pistons 

Manufacture: Custom Machined by Aries Pistons 

Material Properties: 

 Ultimate Strength: 45,000 psi 

 Yield Strength: 40,000 psi 



  

 



  

Appendix 13: Analytical Calculations 
Shear Stress in crank pin 
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Stress in connecting rod at minimum cross sectional area 
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Stress concentration at crank journal 
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Stress concentration at wrist pin 
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Appendix 14: Budget 
Budget
Parts: Proposed Actual
Connecting Rod $250.00 $330.00
Piston & Rings $235.00 $235.00
Crank Bearing $50.00 $40.00
Piston Sleeve $85.00 $85.00
Eccentric Crank Pin $200.00 $250.00

Machining:
Cases $85.00 $85.00
Sleeve Fit and Finish $85.00 $165.00

Assembly Cost
Labor (10 hours @ $25) $250.00 $250.00
Extra Materials (Gaskets, Seals…) $150.00 $400.00

Engineereing Cost
Design (150 Hours @ $25) $3,750.00 $3,750.00
Testing and Tuning $100.00 $80.00

Additional costs $250.00 $500.00
Totals $5,490.00 $6,170.00  

 
The above budget shows the complete cost to build the entire motor.  The part cost for the 
kit is $1200.  The anticipated cost for the kit was $3000. 



  

Appendix 15: Bill of Materials 
No. Description Qty
1 '69-'72 complete sprint motor (or minus jug, head and piston) 1
2 '73-'74 Harley Davidson Sprint jug 1
3 '73-'74 Harley Davidson Sprint head assembly 1
4 '73-'74 Harley Davidson Sprint 5 speed transmission assembly 1
5 '73-'74 Harley Davidson Sprint pushrods (modified) 2
6 Custom machined high compression piston (80mm) 1
7 Custom machined connecting rod (135mm center to center) 1
8 Custom machined oversized piston sleeve 1
9 Custom jetted Mikuni 34mm carburator 1

10 Custom made intake manifold 1
11 Harley Davidson Sprint N-6 grind cam 1
12 '69-'74 crank bearing 1  

The BOM shows only the necessary parts to build one of these motors.  The parts that 
will be supplied in the kit will only be the piston, connecting rod, crank pin and crank 
bearings. 



  

Appendix 16: Harley Davidson Manual 

 



  

Appendix 16: Harley Davidson Manual (cont.) 

 



  

Appendix 16: Harley Davidson Manual (cont.) 

 
 
 
 



  

Appendix 16: Harley Davidson Manual (cont.) 

 
 



  

Appendix 16: Harley Davidson Manual (cont.) 

 
 



  

Appendix 16: Harley Davidson Manual (cont.) 

 



  

Appendix 17: Stock Dynamometer Curves 

 



  

Appendix 18: Peak Horsepower Dynamometer Curves 

 



  

Appendix 19: Peak Torque Dynamometer Curves 
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