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Team 
 

Joseph Stone – Mechanical Engineer: Aerospace Concentration – 2014 

Chirag Rathod – Mechanical Engineer – 2014 

Ari Morse – Mechanical Engineer – 2014 

Ryan Moody – Mechanical Engineer – 2014 

Description 
 

The objective of this project is to design a gearbox to house a motor system that will 

deliver an output torque that is 240 times greater than the input torque with no loss of 

efficiency. This will be done by using a system of three gears, one drive, and three 

shafts. Mr. Joseph Stone ran a “statics analysis” to verify the structural integrity of the 

system. Mr. Chirag Rathod selected the types of gears and number of teeth each gear 

required to produce the 1 to 240 input torque to output torque ratio. Mr. Ari Morse has 

found and selected the gears and drive that has the proper number of teeth and 

satisfies the statics analysis. Mr. Ryan Moody developed the specialized shafts that 

would hold the gears in place, so that the gearbox runs properly. All members of the 

team verified and agreed upon the dimensions of the box, the statics analysis, the gear 

types and teeth number, and the specialized shafts used in the gearbox.  
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Design Review 
 

The aluminum 6061 alloy housing is 12 inches x 12 inches x 12 inches with a wall 

thickness of 12inches. The input shaft is comprised of three parts: a worm drive from 

McMaster Carr, a “sleeve” 

that fits over and is pinned 

to the end of the worm drive, 

and a bar that is attached to the opposite end of the housing for the worm drive to rest 

on. See Figure 1 to the right. 

The sleeve, the part of the shaft that the input torque will be applied to, is partially 

hollow so that the non-threaded part of the worm drive will fit inside. A pin will hold the 

two parts together. The worm drive came with the pin hole in it, so we were able to 

leave that component unmodified At the opposite end, the worm drive has an axially 

placed bore. To prevent the drive from sagging and translating, a solid bar will be 

placed inside the worm drive’s bore and will attach to the opposite wall via a tapered 

roller bearing from McMaster Carr. While slipping is not a concern on the passive end of 

the worm drive, we did want to ensure a snug fit to keep the center distance of the 

gears tightly tolerance. Both the sleeve and the bar will be made of AISI 314 Stainless 

Steel. See page 6 for tolerance details and Appendix A on page 26 for the Bill of Materials. 

Figure 1: Exploded view of the input shaft assembly. The torque is applied 
to the left side and the right side is placed into the wall of the shell. 
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Below the input shaft is an intermediate 

shaft, perpendicular to the input shaft, which 

holds the worm gear and the first spur gear 

(SG1). This shaft is connected to walls of 

the box via roller bearings. The shaft is 

specialized to prevent the gears from translating, but allows for rotation. As depicted in 

Figure 2 on the next page, the shaft is split into a few parts. A splined key fits inside all 

parts of the shaft. This key allows the worm gear to apply a torque to the bar without 

any slipping. It also allows the stress to be spread over more “notches” than using a 

simple rectangular key, so that it can handle higher torques. In Figure 2, the bar to the 

left side is partially hollow, so that when the shaft is placed in the gearbox the key 

presses against the non-hollowed part of the bar. This prevents the key from translating 

along the shaft. The thicker portion of the bar also prevents the worm gear and SG1 

from translating. See the Drawings section on page 11 for information regarding the 

gears, shafts, and bearings.  

 

The output shaft is placed parallel to the 

intermediate shaft. This shaft has the final 

spur gear (SG2) which will be driven by SG1 

on the intermediate shaft. Like the previous 

shafts, the output shaft will be attached to 

the wall via a tapered roller bearing and will 

Figure 2: Part of the middle shaft is displayed above. This 
partial exploded view shows the splines that connects 
the shaft and gears. 

Figure 3: Image of the output shaft and middle shaft which 
are parallel to each other. 
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hold SG2 with the specialized spline shaft used in the intermediate shaft. The end of the 

shaft will exit the housing through roller bearing and extend 1.5 inches. In order to 

handle the shear stresses caused by the system, the output shaft will be made of AISI 

4340 Normalized Steel. 

To make maintenance and assembly of the gearbox 

simpler, small service doors will be placed where the 

shafts exit the gearbox, so that the shafts can slide in 

and out. Larger doors attach to the top and bottom, so 

that someone can get tools and their hands into the 

box for maintenance and assembly. For assembly, 

one half of the shaft will slide in with the spline, then 

the gear(s) will be inserted via the larger service door 

on top, then the remainder of the shaft will slide in and 

press slush against the gear. See Figure 4 to the right. 

The smaller service doors, which we call “Bearing Restrainers”, also serve the purpose 

of restraining the bearings. On the far end, the bearing slides into its housing until the 

outer rim is flush by an extruded ring, which allows clearance for a small amount of the 

shaft to stick out the other side of the bearing and not run into anything. On the end 

where the shafts are inserted, the bearing restrainer presses in until it hits the outside of 

the bearing. It is designed for the square part of the bearing restrainer to have a small 

amount of clearance with the outer wall when it hits the bearing, so that it may screw in 

to apply some pressure to the bearing and preload it. One bearing restrainer differs from 

Figure 4: Exploded view of the gearbox 
showing the position of the service doors. 
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the other two in that it does not have a hole all the way through it, as it does not need to 

extend out of the box to receive or put out torque. 

Our gears were chosen to give an output torque 240 times greater than our input torque, 

or equivalently an output rotational speed that is 1/240 the speed of the input. Using a 

worm gear, we have the equivalent of a one tooth gear, so that one revolution advances 

its mated gear by a tooth. It mates with a worm gear with 60 teeth, so that the 

intermediate shaft rotates at 1/60 the rotational speed of the input shaft. On the same 

shaft as the worm gear is a spur gear with 36 teeth. It mates with a spur gear on the 

output shaft that has 144 teeth. Thus, for every rotation of the intermediate shaft, the 

output shaft goes through 36/144 rotations. Thus, output speed relative to the input 

speed is: 

��=�1�3�2�4�� 

where �� is the output rotational velocity, �� is the input rotational velocity, and �1 is 

the number of teeth of the worm drive (1), �2 is the number of teeth of the worm gear 

(60), �3 is the number of teeth of spur gear 1 (36), and �4 is the number of teeth of spur 

gear 2 (144). We thus get that the input rotational velocity is 240 times that of the output, 

giving us the desired gear ratio. 

Tolerance Analysis 
 

All parts of the gearbox (including gears, shafts, bearings, and spline key) were given 

tolerances to ensure that they will work within a certain range of dimensions. Each 
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member in the group has completed an analysis individually; adhering to a given 

naming convention. These analyses were then compared and, if they agreed, were 

compiled into an Excel spreadsheet to make calculations quicker. The Excel sheet 

allowed us to ensure that when a feature was relevant in multiple tolerance analyses, 

we were consistent in the tolerance we gave it. Also, this way we could dynamically 

modify tolerances of features until all constraints were satisfied. A snippet of the 

spreadsheet is shown on the next page. 

 

 

 

	   Variable	   Feature	   Nominal	   Plus	   Minus	   Max	   Min	  
1	   A	   Height	  of	  Faces	  on	  Shell	   12	   0.005	   0.005	   12.005	   11.995	  

2	   B	   Width	  of	  Faces	  on	  Shell	   13	   0.005	   0.005	   13.005	   12.995	  
3	   C	   Height	  of	  Input	  Shaft	  Hole	   5	   0.001	   0.001	   5.001	   4.999	  

4	   D	   Height	  of	  Output	  and	  Intermediate	  
Shaft	  Holes	  

8	   0.001	   0.001	   8.001	   7.999	  

Table 1: Sample information from the spreadsheet containing all tolerance numbers. This shows the naming 
convention for the analysis. 

 

Constraint	  #	   Constraints	   Description	   Relevant	  
Drawings	  

Allowable	  
Deviation	  

Min	  
Clearance	  

Max	  
Clearance	  

1	   M=E+N+P+(Q-‐AI-‐
O)+(AE-‐AD)/2	  

Center	  worm	  gear	  
across	  worm	  drive	  

2,3	   0.04	   	   	  

2	   L=E+N+P+(Z-‐
O)+U/2	  

Center	  worm	  gear	  
over	  input	  axis	  

1,4	   0.03	   	   	  

3	   F=(J+K)/2	   Center	  Distance	  
Between	  Spur	  
Gears	  

2	   0.002	   	   	  

4	   E+N+P+(Z-‐
O)+U+T+V+W/2=E
+N+P+(AB-‐

Spur	  gears	  same	  
distance	  from	  wall	  

4,5	   0.1	   	   	  
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O)+X+Y/2	  
Table 2: Final sample information from the spreadsheet. This table is in line with the above table in the 
spreadsheet for convenience. Relevant drawings are also available in Appendix C to show how the tolerance 
was calculated. 

As displayed in Tables 1 and 2 above, each dimension on the gearbox was labeled with 

a variable and a description. The variables were then used in tolerance equations. This 

allowed for cleaner and more readable equations. The complete spreadsheet and hand-

written calculations are in Appendices C and D. 

Component Life Analysis 
 

Bearings are an essential part to this design. As such, the life of the bearings has been 

calculated. The life of a bearing can be calculated using the following formula 

Life	  ��=��� 

where ��is the life of the bearing in millions of revolutions, � is the equivalent dynamic 

load, � is the rated life from the manufacture, and � is the life-equation exponent. Since 

all of the bearings are roller bearings, �=103≈3.3, and �=710��. The equivalent 

dynamic load � is calculated using the following equation for roller bearings, 

�=����+���� 

where �� and �� are the radial and axial forces acting on the bearing respectively. �� 

and �� are coefficients, based on the angle of the pins in the bearing with respect to the 

horizontal, that determines the magnitude of each force that the bearing receives. Since 

the pins in the roller are not angled, the bearings are only affected by the radial reaction 

forces. The life in hours of a bearing is calculated using the following equation: 
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Life	  ��=16,667×��� 

where � is the rotational speed of the bearing in rotations per minute. Tables showing 

the life of each bearing are displayed below. 

Reaction	  Force	  Calculation	  for	  Bearing	  Life	  
	   Material	   Shaft	  

Weight	  
(lbf)	  

Bearing	  to	  
Bearing	  
Length	  (in)	  

Reaction	  at	  
Bearing	  1	  
(lbf)	  

Reaction	  at	  
Bearing	  2	  
(lbf)	  

Stress	  In	  
Shaft	  
(psi)	  

Yield	  Stress	  
(psi)	  

Input	  
Shaft	  

AISI	  316	  SS	   4.186	   11.06	   0.0076	   4.18	   407.44	   60200	  

Middle	  
Shaft	  

AISI	  316	  SS	   44.758	   11.06	   16.78	   32.16	   24,446.1	   60200	  

Output	  
Shaft	  

AISI	  4340	  
Steel,	  
normalized	  

127.19	   11.06	   129.97	   96.16	   97,784.7	   102,976.79	  

Bearing	  Life	  Calculation	  
Life	  
Bearing	  	  

Dynamic	  
Load	  
Rating,	  C	  
(lb)	  

Radial	  
Applied	  
Load	  (lb)	  

M	   Bearing	  Life	  
(rev	  x10^6)	  

Life	  (hours)	   P/C	  
(%)	  

Shaft	  Fit	  

Bearing	  1	   710	   0.0075	   3.3	   2.56E+16	   1.02E+23	   0.0011	   j6	  
Bearing	  2	   710	   4.18	   3.3	   2.29E+7	   9.16E+13	   0.589	   j6	  
Bearing	  3	   710	   16.78	   3.3	   2.33E+5	   9.31E+11	   2.36	   j6	  
Bearing	  4	   710	   32.16	   3.3	   2.72E+4	   1.09E+11	   4.53	   j6	  
Bearing	  5	   710	   129.97	   3.3	   271.31	   1.09E+9	   18.31	   m5	  
Bearing	  6	   710	   96.16	   3.3	   733.19	   2.93E+9	   13.54	   k5	  
Table 3: This table displays the values used in calculating the life of each bearing. The bearing numbers were 
selected based upon the notation used in the static analysis of the gearbox found in Appendix B. 

See Appendix B for the statics analysis that was used to determine the reaction forces 
at the bearings. 
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Work Estimate and Actual 
 

Group Number 3 

Group Members Joseph Stone, Chirag Rathod, Ari Morse, Ryan Moody 

 

Estimate  
Part/Assembly 

Description 

 

Material 

Responsible 

Engineer 

Model Time 

to Complete [min] 

Drawing Time 

to Complete [min] 

Box     

Input Wall 
Aluminum 

Alloy 6061 

Ryan Moody 30 15 

Output Wall 
Aluminum 

Alloy 6061 

Ari Morse 30 15 

Top/Bottom 
Aluminum 

Alloy 6061 

Ryan Moody 30 15 

Input Door 
Aluminum 

Alloy 6061 

Ryan Moody 30 15 

Output Door 
Aluminum 

Alloy 6061 

Ari Morse 30 15 

Spur Gear/Shaft     

Spur Gears Steel Chirag Rathod 45 15 

Output Shaft AISI 4340 Joseph Stone 30 15 
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Steel, 

normalized 

Worm Gear/Shaft     

Worm Gear Cast Iron Chirag Rathod 45 15 

Input Shaft 
AISI 314 

SS 

Joseph Stone 30 15 

 

Actual  
Part/Assembly 

Description 

 

Material 

Responsible 

Engineer 

Model Time 

to Complete [min] 

Drawing Time 

to Complete [min] 

Box     

Shell 
Aluminum 

Alloy 6061 

Ryan Moody 30 15 

Bearing Restrainer 
Aluminum 

Alloy 6061 

Chirag Rathod  30 15 

Closed Bearing 

Restrainer 

Aluminum 

Alloy 6061 

Ryan Moody 30 15 

Shell Door 
Aluminum 

Alloy 6061 

Ari Morse  30 15 

Input Shaft 

Assembly 

    

Shaft 1 
AISI 314 

SS 

Joseph Stone 45 15 

Worm Shaft 2 AISI 314 Ari Morse  30 15 
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SS 

Spline Shaft 

Assembly 

    

Shaft for Spline 
AISI 314 

SS 

Chirag Rathod  30 15 

Spline  
AISI 314 

SS 

Ryan Moody 45 15 

Spur Gear 1 Steel  Joseph Stone 30 15 

Worm Gear with 

Spline Cut 

Steel  Ryan Moody 30 15 

Shaft for Spline 2 
AISI 314 

SS 

Ryan Moody 30 15 

Output Shaft 

Assembly 

    

Output Shaft 1 

AISI 4340 

Steel, 

normalized 

Ryan Moody 30 20 

Output Shaft 2 

AISI 4340 

Steel, 

normalized 

Ryan Moody 30 20 

Spur Gear 2 Steel  Ryan Moody 20 15 

Spline for Output 

AISI 4340 

Steel, 

normalized 

Ryan Moody 30 20 
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Drawings 


