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Executive Summary 

We were tasked with designing a micro-hydro installation with the goal of creating electricity. 

The location we selected is in the Nile Creek, near Qualicum Bay, and the expected power output 

to the generator will be 6.45 kW. The land will need to be acquired from the City of Nanaimo, 

and an Application for a License to Cut will need to be submitted through the Ministry of Forests 

for any tree-falling required for the construction of the project. The gearbox was designed with a 

focus on ease of assembly and there are as few unique parts as possible to reduce machining cost. 

The method of analysis was mostly trial and error with iteration to converge on acceptable final 

values. The system contains two helical gearsets, which employ identical input and output shafts, 

a unique intermediate shaft, and an even gear ratio across both gearsets. The lowest safety factor 

of the system is on the input shaft, at a value of 1.38. At least one more iteration on shaft size is 

advised to raise this value to be in the acceptable range of 1.5 to 2. After further iteration, it is 

expected that the bearings will be the part with the shortest time between service visits at 5.27 

years, but currently the lowest service interval is 26 hours, for the main gear. Tolerancing of 

components was outside the scope of this project, so will need to be completed before 

manufacturing the gear box. Overall, there is a need for further iteration on the shaft size and the 

gear service interval, and part tolerancing needs to be finished before the project is complete.  
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1.0 Location of Micro Hydro Setup 
 

  

 

 

 

 

 

The micro hydro facility will be located on Nile Creek at the coordinates 49º23’43.6”N 

124º43’08.7”W, as shown in Figure 1. This location is ideal as it has a steep slope, reducing the 

required length of water diversion to achieve the specified head. Its proximity to two gravel 

roads and highway 19 will make the site easily accessible and will reduce the maintenance and 

construction costs significantly, compared to similar projects. Nile Creek also maintains 

substantial flow rates through the year, ensuring a small to negligible impact of the overall health 

of the creek. In the low flow months, the water flow is approximately 1.01 m3/s, which is still far 

more than the 0.04 m3/s required to run the turbine. The turbine will generate 6.5kW of 

electricity with a head of 20 meters.  

 

 

 

 

 

 

 

Figure 1: Micro hydro location and relevant information 
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2.0 Design 
 

The gearbox was designed with one key principle maintained throughout design process: keep it 

simple. This means minimizing the number of parts required, reduce number of steps to 

manufacture, and keep the end assembly as easy as possible.  The gearbox required a 12.7:1 gear 

ratio with an input torque of 1633Nm, at 37.8 rpm. It was decided to pursue a two-helical gearset 

gearbox. Each shaft is located using two symmetric tapered roller bearings on each end. This 

enabled a simple design with one input and output with a single intermediate shaft connecting 

them, and by evenly distributing the gear ratio between the gear sets, aligned the input and output 

concentrically. The concentricity of the input and output shafts allows the housing to be 

machined with a single tool, which decreases machining steps and decreases the chance of the 

bearing races being misaligned, causing the shaft to bind.  To further simplify the assembly and 

machining process, the input and output shafts were made to be identical, reducing the cost of 

manufacturing by only requiring a single type of part. Since these two shafts are the same, the 

secondary shaft was defined to have the same bearing inner race, gear shaft diameter, and 

shoulder heights. To account for thermal expansion and slight variances in manufacturing we 

will use shims to preload the compression on the shafts, located between the outer bearing and 

end cap assemblies.  By aligning the gears so that the axial force is directed on to the bearing 

thrust face, the sustained load on the center section of the shaft was reduced which also 

minimized likelihood of fatigue failure of the shaft.  During the initial design of the gearbox, 

circlips were used to retain the gears axially on the shafts, but this was altered to be shoulders, 

when it became apparent that the sustained preload may cause fatigue failure of the circlips. This 

led to the addition of an endplate to allow for the installation of the smaller gear. It also had the 

side benefit of decreasing the number of parts, avoided the sharp stress concentration of a circlip 

groove, and would allow the assembly of the secondary shaft to be inserted as a unit, which 

simplifies the assembly process. The last feature of note is that the input and output shafts will be 

connected to the turbine and generator respectively with a jaw coupling. Each shaft will have a 

key to interface with the jaw, and then the jaws will torsionally connect through a piece of 

compliant rubber, which will allow for a small amount of shaft misalignment [1] A sample image 

can be viewed in Figure 2. For example, the CJ series of jaw couplers from the manufacturer 

Lovejoy would meet our torque and speed requirements. For maintenance, the gear oil can easily 
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be drained by the lower drain valve, and after the gearbox can be refilled by removing the top 

plug. Overall, this design keeps in line with the key design principle. It requires very few unique 

parts, has only simple shoulders on the shafts, includes a relatively simple assembly process, and 

is a relatively modular design that allows for the swapping of gears to change the overall gear 

ratio if necessary.  

 

Figure 2. Sample image of a jaw coupling, from [1] 

 

2.1 Assembly 

There were several design choices made to ease both maintenance, machinability, and 

assembly. 

• The use of identical gears for both meshes simplify assembly by halving the number of 

gear types used to prevent confusion, this also reduces cost due to better ability to bulk 

order and lower inventory costs for spares and replacement parts. This would also 

simplify maintenance as any technician in the field would have fewer parts to carry with 

them.  

• The use of mirrored input and output shafts have the same effect, despite the output shaft 

being overbuilt. Most of the cost of the shafts will be from machining, not raw material. 
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We decided that the cost savings of lowered complexity and higher inter-compatibility 

outweigh any increase in material cost.  

• The use of six identical thrust bearings, keyways, keys, etc. all contribute to the 

simplicity of the gearbox. 

• The output side intermediate shaft endcap is unnecessary for the purposes of assembly. It 

is there for ease of manufacturing. With a through hole along the whole shaft length, 

concentricity and alignment of the bearing bores becomes much easier to achieve by 

using a line hone, then a long rigid tool inserted from the other side of the gearbox. The 

same logic applies to the bearing housing; it is designed with a through hole make it 

easier to achieve concentricity and alignment of the bearing bores.  

• No welds are used in the production of this gearbox, and all fasteners will be machine 

screws. 

Due to these design choices the cost of this project will be significantly reduced when compared 

to alternatives, and future costs are minimized. 

 

 

Figure 3: Cross section of assembly 
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The gearbox is designed to be assembled with the large gears preinserted from the opening in the 

top of the gearbox, then the various shafts, bearings, and caps are installed via endcaps. A top 

view of the assembly can be seen in Figure 3. This assembly procedure is as follows: 

1. Install two tapered roller bearings in the middle of the gearbox for the input and output 

shafts, making sure to seat them correctly. 

2. Install the wiper seals and O-rings into the endcaps, ensuring proper orientation of the 

wiper seal.  

3. Starting from the input shaft, seat the tapered roller bearing onto the outside of the shaft 

until it rests against the outer shoulder of the shaft. Then place a key into the gear 

keyway.  

4. Insert the large gear with its teeth sloped away from the intermediate shaft and toward the 

center of the gearbox. It should be placed into the gearbox from the top, then the input 

shaft should be slid through its endcap to mate with the gear, then through the 

preinstalled bearing. Give the end of the shaft a few taps with a soft mallet to ensure 

proper seating of the gear and bearing before installing the washer shim then the endcap. 

The proper preload is controlled by the thickness of this shim. The endcap will be held in 

by 4 circumferential machine screws.   

5. Repeat step 3 and 4 with the output shaft and pinion.  

6. Install the O-ring into each of the three intermediate shaft endcaps. On the output side 

insert one of the tapered roller bearings into its bore, then fasten the output endcap to the 

gearbox. The fasteners should be torqued to 7 N*m for M5, and 12 N*m for M6. As 

stated above, this endcap exists solely for ease of manufacturing, and its opening does not 

need to directly contribute to the assembly process. 

7. Place the other large gear in line with the pinion on the output shaft with its keyway near 

the top for visibility. Place both keys into their keyways on the intermediate shaft, then 

mate the pinion to the shaft on the side that will mesh with the input shaft gear. Then add 

a bearing, sliding it until it touches the pinion.  

8. Take the intermediate shaft assembly, with the pinion on the input side of the shaft, and 

insert it through the larger opening on the input side. It should pass through the centre of 

the large gear and into the output side bearing. Then, install the large intermediate shaft 

endcap to support the output side bearing.  
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9. Using a tubular spacer to apply the force directly to the outer race of the bearing, and give 

the spacer a few taps with a soft mallet to ensure proper seating of the gears and bearing 

before installing the washer shim and the endcap on the input side. Preload of the 

intermediate shaft is adjusted by the thickness of this shim.  

10. With all gear train components in place fill the gearbox with gear oil until the bottom of 

both large gears are partially submerged, then install the gasket and top cap on the 

gearbox. This will provide direct lubrication all four gear faces and splash lubrication of 

all bearings and seals.  

3.0 Calculations 
 

The objective of these various calculations was to find the minimum safety factor of the system, 

then ensure that it is in a suitable range. In this context, with well-known material strengths, the 

range of 1.5-2 is suitable. In pursuit of favourable factors of safety, many intermediate values 

were calculated for each component of the assembly. The tables in the sections below enumerate 

the various stresses of each component in the gearbox.  

3.1 Speed and Torque 

Table 1. Input values for torque, speed, and power calculations 

𝑁𝑠 = 

60 

H = 20 

m 

𝜌

= 997 𝑘𝑔/𝑚3 

𝑄

= 33 × 10−3 𝑚3

/𝑠 

g = 9.81 𝑚/

𝑠2 

𝑞𝑡 = 0.7 𝑚𝑔 = 12.7 

 

Using the initial values located in Table 1, and with the use of the equations given by the project 

description [2], the results in Table 2 were found. 

𝑃𝑜𝑤𝑒𝑟 = 𝜌𝑔𝑄𝐻 

𝐴𝑛𝑔𝑢𝑙𝑎𝑟 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 =
𝑁𝑠𝐻

3
4⁄

√𝑞𝑡𝜌𝑔𝑄
 

𝐼𝑛𝑝𝑢𝑡 𝑡𝑜𝑟𝑞𝑢𝑒 =
𝑃𝑜𝑤𝑒𝑟

𝐴𝑛𝑔𝑢𝑙𝑎𝑟 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦
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𝑂𝑢𝑡𝑝𝑢𝑡 𝑡𝑜𝑟𝑞𝑢𝑒 =
𝐼𝑛𝑝𝑢𝑡 𝑡𝑜𝑟𝑞𝑢𝑒

𝐺𝑒𝑎𝑟 𝑟𝑎𝑡𝑖𝑜 𝑚𝑔
 

Table 2. Derived torque, speed, and power values 

 Torque Speed Power 

Input 1632.9 

N*m 

37.8 rpm 6.46 kW 

Output 128.6 N*m 479.4 rpm 6.46 kW 

 

3.2 Shaft Specifications 

Due to the symmetric design of the input and output shafts, only the input shaft was analyzed for 

fatigue strength. Given the same geometry but lower forces, the output shaft will have a longer 

expected lifetime compared to the input shaft, so is irrelevant in the search for the lowest factor 

of safety of the system. All shafts are made of 4140 Steel Q&T at 400°F with an ultimate tensile 

strength of 1.772 GPa, and a yield strength of 1.641 GPa. 

Each part in a gear box generally has a small amount of clearance radially and axially, to allow 

for thermal expansion and manufacturability, but not in this design. The amount of radial 

movement is negligible for all shafts since the bearings will be press-fitted into the housing and 

should closely fit on the shafts. For axial movement, all bearings are preloaded by the endcaps, 

and press against the shaft. This limits the axial movement to thermal expansion, which will only 

serve to increase the preload.  

3.2.1 Input Shaft Fatigue Analysis  

The stresses in each of the shafts is calculated using the input torque to find steady state forces in 

locations of the shaft deemed most likely to fail. The points were chosen as they have a stress 

concentration or is known to have higher mean and alternating stresses. The lowest factor of 

safety for the gear box was found to be the input coupling keyway on the input shaft, where the 

keyway removes enough of the cross section to increase the bending stress. The safety factor on 

this portion was found to be 1.38, which was lowered from its initial 1.55 after realizing that the 

keyway was the wrong size for the shaft diameter. This point is used in the following calculation. 
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The first step to calculating to calculate the safety factor was to examine the material and 

operating conditions to get the corrected endurance strength of the material (Se) using Norton 

Equation (6.6) [1].  

(6.6)      𝑆𝑒 = 𝐶𝑙𝑜𝑎𝑑𝐶𝑠𝑖𝑧𝑒𝐶𝑠𝑢𝑟𝑓𝐶𝑡𝑒𝑚𝑝𝐶𝑟𝑒𝑙𝑖𝑎𝑏𝑆𝑒′ 

𝐴𝑥𝑖𝑎𝑙: 𝑆𝑒 = (0.7)(0.82)(0.62)(1.0)(0.81)(886 𝑀𝑃𝑎) =  258 𝑀𝑃𝑎 

𝐵𝑒𝑛𝑑𝑖𝑛𝑔: 𝑆𝑒 = (1.0)(0.82)(0.62)(1.0)(0.81)(886 𝑀𝑃𝑎) =  368 𝑀𝑃𝑎 

The coefficients 𝐶𝑙𝑜𝑎𝑑, 𝐶𝑠𝑖𝑧𝑒 , 𝐶𝑠𝑢𝑟𝑓 , 𝐶𝑡𝑒𝑚𝑝, 𝑎𝑛𝑑 𝐶𝑟𝑒𝑙𝑖𝑎𝑏 were calculated as per the outlines in 

chapter 6 of Norton [1].   

Then by examining the forces applied to the shaft and then calculating for all reactions, this 

process starts with a detailed free body diagram as seen by Figure 4. Then with the following 

simplifying assumptions the initial force-reaction forces can be calculated, the results for the 

input shaft are outlined in Table 3.   

1) The reactions in the bearing happen at the 

middle point of the bearing. 

2) The torque of the gear is transmitted from 

the center of the gear 

3) The axial and radial force from the gear 

teeth are modeled as directional forces acting 

from the intersection of the center width of the 

gear and the pitch circle. 

4) The axial force of the gear is transmitted 

through the bearing directly, but the moment 

generated by the axial force is still considered  

Table 3: Forces from input shaft free body diagram 

Force x-axis y-axis z-axis 

Fg1 (N) 0.00 0.00 10886.00 

Fg1a (N) 2916.89 0.00 0.00 

Figure 4: Detailed free body diagram of input shaft 
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Fg1r (N) 0.00 2916.89 0.00 

Fws (N) 0.00 0.00 0.00 

Frb2 (N) 0.00 5293.62 7565.41 

Frb1 (N) 0.00 -2376.73 3185.44 

 

Following the force-reaction calculations, a solid mechanics analysis can be used to calculate the 

internal stresses for each of the key locations. This involved sectioning each of the members at 

the key locations and evaluating the shaft reactions at the cut face, then finding the max value for 

nominal mean and alternating stresses. The fatigue stress concentration factor (Kf) is then 

applied to the nominal stresses, with the Kf for alternating stresses defined using Equation 

(6.11b) and Appendix C of Norton [1]. This process is outlined symbolically for key points a), 

b), c), and d) in Appendix B-2: Input Shaft Calculations, which determined that the point of 

failure is at a). Point a) is highlighted with a red line in Figure 5. The numerical results of the 

stress calculations at this point are presented in Table 4. Note that where the stress on the shaft is 

constant, such as the axial and torsional loading, 𝐾𝑓 =  𝐾𝑡 , so 𝑞 = 1 in those cases. 

(6.11𝑏)      𝐾𝑓 = 1 + 𝑞(𝐾𝑡 − 1) 

Table 4: Input shaft fatigue data at input keyway 

 Nominal 

Stress 

𝐾𝑡 q 𝐾𝑓 Cor. Stress 

Bending 6.21E+03 1.62 0.92 1.87 1.16E+04 

Axial 0.00E+00 1.00 1 1.00 0.00E+00 

Torsion 2.19E+08 2.80 1 2.80 6.14E+08 

 

Using the Modified Goodman theory for fatigue failure, we calculated the mean and alternating 

Von Mises stresses (6.22b), then using equations (6.18 f and g) of Norton [1], we calculated the 
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fatigue safety factor. The final values are given in Table 5 and a full numerical sample can be 

found in Appendix B-1: Sample Shaft Calculation. 

(6.22𝑏)    𝜎𝑎
′ = √𝜎𝑥𝑎

2 + 𝜎𝑦𝑎
2 − 𝜎𝑥𝑎𝜎𝑦𝑎 + 3𝜏𝑥𝑦𝑎

2  

(6.18𝑓)     𝑍𝑆 = √(𝜎𝑚
′ − 𝜎𝑚@𝑆

′ )2 + (𝜎𝑎
′ − 𝜎𝑎@𝑆

′ )2

 
 

(6.18𝑔)    𝑂𝑍 =  √(𝜎𝑚
′ )2 + (𝜎𝑎

′ )2 

𝑁𝑓 =
𝑂𝑍 + 𝑍𝑆

𝑂𝑍
 

 

Table 5. Input shaft Von Mises stress and safety factor 

Mean Von Mises stress 6.14E+08 

Alternating Von Mises stress 1.16E+04 

Line OZ length 6.14E+08 

Line ZS length 2.36E+08 

Safety factor 1.38 
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Figure 5: Image showing the critical area for the input shaft 

For further analysis see Appendix B-2: Input Shaft Calculations.  

 

3.2.2 Intermediate Shaft Fatigue Analysis 

The portion of the intermediate shaft with the lowest factor of safety was found to be the left 

keyway, where the shaft interfaces with the input pinion. The safety factor on this portion was 

found to be 3.25, which indicates that this part is overbuilt for the task. This is acceptable 

because the cost of material is relatively low compared to the cost of machining custom parts. By 

using a shaft that has the same inner race for bearings and gears, we reduce the complexity of the 

assembly process, and can buy multiples of the same part.  

This answer was found by following the same steps as the input shaft to calculate applied and 

reaction forces, resulting in the values that are tabulated in Table 6.  Followed by the stresses at 

each of the major points on the shaft as seen by Table 7 and the safety factor for each of the 
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chosen locations as seen by Table 8 with a detailed derivation in Appendix 

 

Figure 9. Input shaft data 

 

Figure 10. Input shaft safety factor calculations 1 
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Figure 11. Input shaft safety factor calculations 2 

 

B-3: Intermediate Shaft Calculations. Note that where the stress on the shaft is constant, such as 

the axial and torsional loading, 𝐾𝑓 =  𝐾𝑡 , so 𝑞 = 1 in those cases. 

Table 6: Forces from intermediate shaft FBD 

Force x y z 

Reaction B1 0.00 2477.1 8008.0 

Reaction B2 0.00 1258.3 -15.6 

Gear 1 2916.89 2916.9 10886.0 

Gear 2 818.50 818.5 3054.7 

Weight G1 0.00 0.0 7.8 

Weight G2 0.00 0.0 135.2 

Weight Shaft 0.00 0 18.11 

 

Table 7. Intermediate shaft fatigue data at left keyway 

 Nominal 

Stress 

𝐾𝑡 q 𝐾𝑓 Cor. Stress 

Bending 2.61E+07 2.14 0.50 1.57 4.09E+07 

Axial 0.00E+00 1.0 1 1.0 0.00E+00 

Torsion 2.75E+07 2.62 1 2.62 7.20E+07 
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Table 8. Intermediate shaft Von Mises stress and safety factor 

Mean Von Mises Stress 1.25E+08 

Alternating Von Mises Stress 4.09E+07 

Line OZ length 1.31E+08 

Line ZS length 2.95E+08 

Safety Factor 3.25 

 

 

Figure 6: Image showing the critical area on the intermediate shaft 
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For further analysis see appendix section 

 

Figure 9. Input shaft data 

 

Figure 10. Input shaft safety factor calculations 1 
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Figure 11. Input shaft safety factor calculations 2 

 

B-3: Intermediate Shaft Calculations.  

3.3 Gear and Pinion Specifications 

Due to a symmetric design of input and output shafts there is only one pinion and gear design. 

The loads on the output shaft are far lower, as such it should not be the limiting factor. The gears 

and pinions are made from Carburized and case hardened 64 HRC. The pitch radii are dependant 

on the shaft diameter and an appropriate value for the face width has been chosen based on the 

shaft analysis. The pressure and helix angles, and gear quantity have been chosen during the 

FBD creation. Please reference Appendix B-5: Gears and Pinions for sample calculations and data 

tables.  

 

The first step in the analysis was to determine the number of teeth on the gear and pinions to be 

analysed. Based on the gear ratio 𝑚𝑔 of 3.57 as well as taking into consideration the helix angle 

and pressure angles, the appropriate number of teeth for the gear and pinion are 125 and 35, 

respectively. Once the number of teeth has been determined the modulus m can be calculated 

using 𝑚 =
2 ∗ 𝑃𝑖𝑡𝑐ℎ 𝑟𝑎𝑑𝑖𝑢𝑠

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑔𝑒𝑎𝑟 𝑡𝑒𝑒𝑡ℎ
  (12.4c) [1]. The addendum is equivalent to the module and the 

dedendum is 𝑚𝑜𝑑𝑢𝑙𝑢𝑠 ∗ 1.25. Now then the length of action Z, can be determined using the 

following formula 𝑍 = √(𝑟𝑝 + 𝑎𝑝)
2

− (𝑟𝑝 cos ∅)
2

+ √(𝑟𝑔 + 𝑎𝑔)
2

− (𝑟𝑔 cos ∅)
2

− 𝐶 cos ∅ 
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(12.2) [1], where a) 𝑟𝑝, 𝑟𝑔are pitch circle radii b) 𝑎𝑝, 𝑎𝑔are the addenda and c) C is the center to 

center distance, equivalent to 𝑟𝑝 + 𝑟𝑔. Lastly, the contact ratio is 𝑚𝑝 =
𝑍

𝑚∗𝜋∗cos ∅
(12.7b) [1]. 

 

Table 9: Gear and pinion specifications 

Specificatio

ns for: 

Numb

er of 

Teeth 

Modu

le 

Addendu

m 

Dedendu

m 

Conta

ct 

ratio 

Gear 

Quanti

ty 

Pitch 

Radi

us 

Pressu

re and 

helix 

angle 

Face 

widt

h 

Gear 125 2.4 2.4 3.0 5.708 12 150 15 25.4 

Pinion 35 2.4 3.0 12 42.09 

 

3.3.1 Input Gear Fatigue Analysis 

The lower safety factor was found to be 1.508 for bending failure. Which was expected to be the 

worst due to the high amount of forces at the input. It is assumed that a) the number of cycles 

this gear is to withstand is 4 ∗ 104 cycles with regards to the 𝐾𝐿 value calculation b) the 

operating temperature will not exceed 250F and c) a reliability of 99% is good enough for this 

project. Due to the very high load this gear will require maintenance every 26h, which is 

unacceptable and therefore require further iteration. 

The safety factor for bending is calculated by 𝑁𝑏 =
𝑆𝑓𝑏

𝜎𝑏
. The bending-fatigue strength for the gear 

is 𝑆𝑓𝑏 =
𝐾𝐿∗𝑆𝑓𝑏′

𝐾𝑇∗𝐾𝑅
(12.24a) [1], consisting of and uncorrected value 𝑆𝑓𝑏′ from a table which is 

corrected based on the use of the gear. For the life factor 𝐾𝐿 the assumed number of load cycles 

is 4 ∗ 104 which using the equation 𝐾𝐿 = 6.1514(4 ∗ 104)−0.1192,Figure 12-24 [1] gives the 

value of 1.657 for 𝐾𝐿. Since T < 250 F, therefore the temperature factor 𝐾𝑇 is 1. And the 

reliability factor 𝐾𝑅 is 1 from table 12-19 [1]. Next the Bending stress will have to be calculated 

with 𝜎𝑏 =
𝑊𝑡∗𝐾𝑎∗𝐾𝑚∗𝐾𝑠∗𝐾𝐵∗𝐾𝐼

𝐹∗𝑚∗𝐽∗𝐾𝑣
(12.15si) [1]. The load distribution factor 𝐾𝑚 can be taken from 

table 12-16 [1] with knowing the face width value of 25.4 mm. 𝐾𝑎 is the application factor which 

from table 12-17 [1] is 1, uniform driving machine and uniform driven machine. the size factor 

𝐾𝑠 is 1 for this size gear. The rim thickness factor 𝐾𝑏 is 1. Idler factor 𝐾𝐼 is 1 for non-idler gears. 

The dynamic factor 𝐾𝑣 is estimated using 𝐾𝑣 = (
𝐴

𝐴+√200∗𝑉𝑡
)𝐵(12.16si) [1] for metric units, where 
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𝐴 = 50 + 56 ∗ (1 − 𝐵)(12.17b) [1] and 𝐵 =
(12−𝑄𝑣)2/3

4
(12.17b) [1]. F is the face width, m is the 

modulus and J can be found from the table on pg. 23 of [3]. 

 

The safety factor for surface failure is calculated by 𝑁𝐶 = (
𝑆𝑓𝑐

𝜎𝑐
)

2

. The surface-fatigue strength 

for the gear is 𝑆𝑓𝑐 =
𝐶𝐿∗𝑆

𝑓𝑏′∗𝐶𝐻

𝐶𝑇∗𝐶𝑅
(12.25) [1], consisting of and uncorrected value from a table 

which is corrected based on the use of the gear. For the life factor 𝐶𝐿 the assumed number of load 

cycles is 4 ∗ 104 which using figure 12-26 [1] approximately gives the value of 1.332 for 𝐶𝐿. 

The hardness ratio factor 𝐶𝐻is 1 since both gear and pinion are of the same hardness. Since T < 

250 F, therefore the temperature factor 𝐶𝑇 is 1. And the reliability factor 𝐶𝑅 is 1 from table 12-19 

[1]. Next the Surface stress will have to be calculated with 𝜎𝑐 = 𝐶𝑝 ∗ √
𝑊𝑡∗𝐶𝑎∗𝐶𝑚∗𝐶𝑠∗𝐶𝑓

𝐹∗𝐼∗𝑑∗𝐶𝑣
(12.21) [1], 

where F is the face width and d is the pitch diameter of the smaller gear. The load distribution 

factor 𝐶𝑚 can be taken from table 12-16 [1], with knowing the face width value of 25.4 mm. 𝐶𝑎 

is the application factor which from table 12-17 [1] is 1, uniform Driving machine and uniform 

driven machine. The size factor 𝐶𝑠 is 1 for this size gear. Surface finish factor 𝐶𝑓 is assumed to 

be 1 for gears made by conventional ways [1]. The dynamic factor 𝐶𝑣 is estimated using 𝐶𝑣 =

(
𝐴

𝐴+√200∗𝑉𝑡
)𝐵 for metric units, where 𝐴 = 50 + 56 ∗ (1 − 𝐵) and 𝐵 =

(12−𝑄𝑣)2/3

4
. The last 

coefficient needed is the elastic coefficient 𝐶𝑝, which can be found using the equation 𝐶𝑝 =

√
1

𝜋∗[(
1−𝑣𝑝

2

𝐸𝑝
)+(

1−𝑣𝑔
2

𝐸𝑔
)]

(12.23) [1], where v and E are the poison ratio and moduli of elasticity for the 

gears and pinions. Lastly, I is the surface geometry factor which can be calculated from 𝐼 =

cos ∅

(
1

𝜌𝑝
+

1

𝜌𝑔
)∗𝑑𝑝∗𝑚𝑛

(13.6a) [1]. To find I the following variables need to be calculated:  

1. Radius of curvature (𝜌𝑝, 𝜌𝑔) 

2. Normal pressure angle (∅𝑛) 

3. Base helix angle (𝜑𝑏) 

4. Axial contact ratio (𝑚𝐹) 
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5. Transverse contact ratio (𝑚𝑝) 

6. Minimum length of the lines of contact (𝐿𝑚𝑖𝑛) 

7. Load-sharing ratio (𝑚𝑛) 

The radius of curvature 𝜌𝑝, 𝜌𝑔 needs to be calculated for each the pinions and gears using 𝜌𝑝 =

√{0.5[(𝑟𝑝 + 𝑎𝑝) + (𝐶 − 𝑟𝑔 − 𝑎𝑔)]}
2

− (𝑟𝑝 ∗ cos ∅)^2 (13.6g) [1] and 𝜌𝑔 = 𝐶 ∗ sin ∅ −

𝜌𝑝(13.6g) [1] ,respectively. The second variable needed is the normal pressure angle ∅𝑛 which 

depends on the helix and pressure angles, ∅𝑛 = tan−1 (cos 𝜑 ∗ tan ∅) , rearranged equation 

(13.2) [1]. The third variable required is the base helix angle 𝜑𝑏 = cos−1(cos(𝜑) ∗
cos ∅𝑛

cos ∅
) 

(13.6f) [1]. The fourth and fifth variables are the axial contact ratio, 𝑚𝐹 =
𝐹∗tan 𝜑

𝑚∗𝜋
(13.5) [1]  and 

the transverse contact ratio (another name for the contact ratio), from which only the residuals 

are needed, 𝑛𝑎  𝑎𝑛𝑑 𝑛𝑟. Now since 𝑛𝑎 > 1 − 𝑛𝑟 the minimum length of the lines of contact is 

𝐿𝑚𝑖𝑛 =
𝑚𝑝∗𝐹−(1−𝑛𝑎)∗(1−𝑛𝑟)∗𝑝𝑥

cos 𝜑𝑏
(13.6e) [1]. Lastly, the seventh and final variable is the load-

sharing ratio 𝑚𝑛 =
𝐹

𝐿𝑚𝑖𝑛
 (13.6b) [1] and after it is calculated, 𝐼 can finally be determined, along 

with the safety factor. 

 

Table 10: Input gear fatigue data 

 Stress (MPa) Uncorrected 

Bending 

Strength (MPa) 

Corrected 

Bending 

Strength (MPa) 

Safety Factor 

Bending 571 520 861.8 1.508 

Surface 712.66 1300 1731 5.901 

 

3.3.2 Intermediate Pinion Fatigue Analysis 

The lower safety factor for this pinion was calculated to be 2.873 for surface failure. It is 

assumed that a) the number of cycles this gear is to withstand is 1010 cycles b) the operating 

temperature will not exceed 250F and c) a reliability of 99% is good enough for this project. The 

estimated service interval for this pinion is every 1.24 ∗ 106 hours. 
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Table 11: Intermediate pinion fatigue data 

 Stress (MPa) Uncorrected 

Bending 

Strength (MPa) 

Corrected 

Bending 

Strength (MPa) 

Safety Factor 

Bending 162.9 520 467.9 2.873 

Surface 195.4 1300 883 20.42 

 

3.3.3 Intermediate Gear Fatigue Analysis 

The lower safety factor was found to be 2.918 for surface failure. A higher safety factor is to be 

expected since there is less loading. It is assumed that a) the number of cycles this gear is to 

withstand is 1010 cycles with regards to the 𝐾𝐿 value calculation b) the operating temperature 

will not exceed 250F and c) a reliability of 99% is good enough for this project. The estimated 

service interval for this gear is every 1.24 ∗ 106 hours. 

Table 12: Intermediate gear fatigue data 

 Stress(MPa) Uncorrected 

Bending 

Strength (MPa) 

Corrected 

Bending 

Strength (MPa) 

Safety Factor 

Bending 160.4 520 467.9 2.918 

Surface 377.5 1300 883 5.470 

 

3.3.4 Key Failure 

Generally, keys are designed to act like mechanical fuses for if an unexpected change in loading 

is introduced, and a softer material is part of this design. In this case, there was an error in our 

initial safety factor calculations, and our lowest acceptable safety factor in the shafts dropped to 

1.38, so our key is no longer weaker than the shaft. Since we did not want to lower the safety 

factor further, we chose to use the same material that is used on the shafts for simplicity, 4140 

Steel Q&T at 400°F which has a yield strength of 1.64 GPa. For coupling the gears and pinions 

to their respective shafts, the parallel key used has slightly different dimensions than the one that 

couples the input and output shafts to the turbine and generator. The key used for the gears and 

pinions has a width of 14 mm, a height of 9mm, a length of 25.4 mm, and the underlying keyway 
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has inside corner radii of 1 mm. The input/output shaft key has a width of 10 mm, a height of 

8mm, a length of 25.4 mm, with the same inside corner radii of the keyway. These dimensions 

were partly determined by the standard sizes listed in Table 10-2 of Norton [1]. For this analysis, 

we will assume that the key is placed with half of its height in the coupled part, and half in the 

base shaft.  

A key’s failure mode is either in shear or in bearing failure.  The input/output key that would 

have the highest shear probability is the initial coupling to the input shaft, where it has the 

highest torque. For the gear/pinion key, the highest shear potential is in the first pinion, found on 

the intermediate shaft. The formula for shear is found in (10.10) [1], where F is the torque 

divided by the radius of the shaft, and 𝐴𝑠ℎ𝑒𝑎𝑟 is the cross-sectional area of the key that is being 

sheared. The formula for bearing stress is shown in (10.11) [1], where F is the same as for 

(10.10) [1], and 𝐴𝑏𝑒𝑎𝑟𝑖𝑛𝑔 is the area of contact between the key and the shaft. The numerical 

results of these calculations are tabulated in Table 13.  

(10.10) 𝜏 =
𝐹

𝐴𝑠ℎ𝑒𝑎𝑟
 

(10.11) 𝜎 =
𝐹

𝐴𝑏𝑒𝑎𝑟𝑖𝑛𝑔
 

Table 13. Key failure calculation data 

Key F (N) 𝐴𝑠ℎ𝑒𝑎𝑟 (m^2) 𝐴𝑏𝑒𝑎𝑟𝑖𝑛𝑔 

(m^2) 

𝜏 (Pa) 𝜎 (Pa) 

Input key 9.33E+04 2.54E-04 1.02E-04 3.67E+08 9.18E+08 

First pinion 

key 

2.04E+04 3.56E-04 1.14E-04 5.73E+07 1.78E+08 

 

The safety factor for shear and bearing failure can be calculated by the following equations from 

Norton [1], and the resultant safety factors are given in Table 14, where 𝑆𝑦 is 1.19 GPa. The 

lowest resultant safety factor is 1.79, from the input key in bearing failure. A sample calculation 

is given in Appendix B-4: Key Failure Calculations. 

(10.10) 𝑆𝐹𝑠ℎ𝑒𝑎𝑟 =
0.5∗𝑆𝑦

𝜏
 



   

 

22 

 

𝑆𝐹𝑏𝑒𝑎𝑟𝑖𝑛𝑔 =
𝑆𝑦

𝜎
 

Table 14. Safety factor for key shear and bearing failure 

 Input key First pinion key 

𝑆𝐹𝑠ℎ𝑒𝑎𝑟 2.23 14.33 

𝑆𝐹𝑏𝑒𝑎𝑟𝑖𝑛𝑔 1.79 9.21 

 

3.4 Bearing Analysis 

In order to complete the bearing analysis, it is first necessary to calculate all of the reaction 

forces in each of the 6 bearings this was completed previously for the input and secondary shafts 

and the same process was used to calculate the reactions in the output shaft and the results are 

seen in Table 15. The bearings are numbered from 1 starting at the outer input bearing and 6 

being outer output bearing. The preload for the bearings is then calculated by examining the axial 

force generated by the angle of the bearing race and radial bearing forces then subtracting the 

axial force from the gears as per the SKF bearing preload formula and then the preload is set to 

be the higher value in each bearing pair [4].  The results of the calculations can be seen in Table 

15. After calculating the preload required for the bearing pairs the bearings were analysed to find 

the expected life with 99% reliability.  It was then necessary to examine the proportion of Axial 

and Radial bearing force to verify the constant applied load P, for the bearing selected this was 

an SKF 32207 which has a threshold of 0.37 Appendix C-18 Figure 48: Bearing datasheet. 

Under this value the constant applied load is defined as the radial load and above is defined as 

0.4(Fr)+1.6(Fa). This process is outlined in Norton 11.10 [1] and the formula used to calculate 

life span was 11.20d [1] which is represented as 𝐿𝑃  (106 cycles) which was then converted into 

Service Interval based on a 100% duty cycle [1]. The results of this calculation can be viewed in 

Table 15 and a sample calculation for bearing # 3 can be found in Appendix B-6: Bearings 

Calculations. 

𝐼𝑛𝑡𝑒𝑟𝑛𝑎𝑙 𝐴𝑥𝑖𝑎𝑙 𝐵𝑒𝑎𝑟𝑖𝑛𝑔 𝐹𝑜𝑟𝑐𝑒 =
𝐹𝑟

𝑌(𝑑𝑒𝑓𝑖𝑛𝑒𝑑 𝑏𝑦 𝑏𝑒𝑎𝑟𝑖𝑛𝑔)
  

𝑃𝑟𝑒𝑙𝑜𝑎𝑑 =  |𝐹𝑎 − 𝐼𝑛𝑡𝑒𝑟𝑛𝑎𝑙 𝐴𝑥𝑖𝑎𝑙 𝐵𝑒𝑎𝑟𝑖𝑛𝑔 𝐹𝑜𝑟𝑐𝑒| 
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(11.20𝑑)    𝐿𝑃 = 𝐾𝑅 (
𝐶

𝑃
)

10/3

  

𝑆𝑒𝑟𝑣𝑖𝑐𝑒 𝑖𝑛𝑡𝑒𝑟𝑣𝑎𝑙 =
𝐿𝑃(106)

60(𝑅𝑃𝑀 𝑜𝑓 𝑠ℎ𝑎𝑓𝑡)
 

 

Bearing 

summaries 
Fr (N) Fa (N) 

Internal 

axial 

force  

(N) 

Required 

Preload 

(N) 

Fa/VFr 

(N) 
P (N) 

L10 

(million 

cycles) 

Lp 

(million 

cycles) 

Service 

interval 

(hr) 

1 7929.961963 0 4956.23 4956.23 0 7929.962 2331.39799 489.5936 2.16E+05 

2 9233.52106 2916.89 5770.95 2854.06 0.315903 9233.521 1403.7689 294.7915 1.30E+05 

3 8603.974632 2916.89 5377.48 2460.59 0.339017 8603.975 1776.32745 373.0288 4.62E+04 

4 1247.150857 818.50 779.47 39.03 0.656296 1808.461 321728.517 67562.99 8.36E+06 

5 1040.65622 372.7989 650.41 277.61 6.77E-05 1040.656 2029998.96 426299.8 1.48E+07 

6 421.7008594 0 263.56 263.56 0 421.7009 41226058.1 8657472 3.01E+08 

Table 15: Bearing analysis 

 

3.5 Gearbox Housing 

The gearbox housing will be cast from aluminum and will weigh approximately 36.5 kg empty, 

or 68 kg with the completed assembly inside. The seats for the bearings, end cap holes, and all 

fastener holes will be machined after the casting process, to ensure a smooth fit. The fastener 

holes for attaching the top and side endcaps will then be tapped, while the side pieces that will 

allow the housing to be fastened to the bedplate will not be. The side endcaps and top end cap 

will be cast out of aluminum also. Through holes will be drilled in each cap for the fasteners to 

attach through. No significant stress analysis was performed on the housing. 
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3.6 Fastener Analysis 

Bolts are used to locate the entire assembly to the bedplate and machine screws are mated to the 

housing with tapped holes. In the following sections, the various end caps are analyzed for 

failure conditions, and a suitable preload is determined. The lowest safety factor in this section is 

1.13, which is normal for a 90% preload. Note that due to design choice there will be no shear in 

any of the end caps and that the top cap is going to experience no further load beyond the 

preload. Please reference Appendix B-7 for sample calculations and data tables. 

 

3.6.1 Input and Output Endcaps 

Both the input and output end caps will use 4 machine screws to locate the shafts in place. The 

type will have the designation M5-0.8, will be made of steel, and will have an SAE grade of 5.8. 

The yielding safety factor for the bolts is calculated to be approximately 1.16 and the separation 

safety factor is 2.26. 

The procedure to calculate the safety factor starts off with determining the total bolt length, 𝑙𝑏𝑜𝑙𝑡. 

The threaded length 𝑙𝑡ℎ𝑑 = 2 ∗ 𝑑 + 6, which is used to calculate the shank length 𝑙𝑠 = 𝑙𝑏𝑜𝑙𝑡 −

𝑙𝑡ℎ𝑑. Further, the shank length can be used to find the length of thread in the clamp zone 𝑙𝑡 = 𝑙 −

𝑙𝑠. Moving on to calculating forces and force loads. First, to calculate the pre-load equation 15-

1a [1] is used 𝐹𝑖 = 0.9 ∗ 𝑆𝑝 ∗ 𝐴𝑡, and then determining bolt stiffness, 𝑘𝑏′ = (1 +

𝑑

𝑙
)

−1 𝐴𝑡∗𝐴𝑏

𝐴𝑏∗𝑙𝑡+𝐴𝑡∗𝑙𝑠
𝐸𝑏(15.17) [1]. Then the plate to bolt modulus ratio 𝑟 =

𝐸𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙

𝐸𝑏𝑜𝑙
 (15.18b) [1] and 

joint aspect ratio 𝑗 =
𝑑

𝑙
 (15.18d) [1] are calculated so that the joint factor can be determined 𝐶 =

𝐶𝑟 = 𝑝3 ∗ 𝑟3 + 𝑝2 ∗ 𝑟2 + 𝑝1 ∗ 𝑟 + 𝑝0(15.19) [1], where the 𝑝𝑖 are given in Table 15-8 [1]. The 

factor can be used to calculate: 

a) the material stiffness from the relationship 𝐶 =
𝑘𝑏′

𝑘𝑏′+𝑘𝑚
(15.13c) [1] which gives  𝑘𝑚 =

𝑘𝑏′(
1−𝐶

𝐶
) [1] 

b) the portions of the applied load felt by the bolt 𝑃𝑏 = 𝐶 ∗ 𝑃(15.13c) [1]  

c) the material load 𝑃𝑚 = (1 − 𝐶) ∗ 𝑃(15.13d) [1]. 
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After, the resulting load can be found on the machine screw and material, 𝐹𝑏 = 𝐹𝑖 + 𝑃𝑏(15.14b) 

[1] and 𝐹𝑚 = 𝐹𝑖 − 𝑃𝑚(15.14a) [1] respectively. The last load that needs to be calculated is the 

load 𝑃0 which is the minimum required to separate the joint, using the following equation 𝑃0 =

𝐹𝑖

(1−𝐶)
 (15.14c) [1]. The stress in the bolt is 𝜎𝑏 =

𝐹𝑏

𝐴𝑡
 , which allows the safety factor against 

yielding to be determined 𝑁𝑦 =
𝑆𝑦

𝜎𝑏
 and the safety factor against joint separation to be 

𝑁𝑠𝑒𝑝𝑎𝑟𝑎𝑡𝑖𝑜𝑛 =
𝑃0

𝑃
.  

 

3.6.2 Intermediate Endcaps 

The input side intermediate end cap will use 5 M6-1 bolts and the output side will use 4 M5-0.8 

to locate each shaft in place. Each bolt will be made with a SAE grade of 5.8. The safety factor 

against yielding for the bolts is calculated to be approximately 1.210 and 1.228, and against 

separation to be 17.80 and 632.8, respectively. The yield safety factors are consistent with our 

applied preload of 90%. The machine screw calculations are the same as the ones done for the 

input and output shaft endcaps.  

 

3.6.3 Gearbox Housing to Ground 

The gear box housing was designed to be fastened to the bedplate at each of the four corners. To 

calculate the forces on the fasteners it was necessary to make two simplifying assumptions. The 

first is to assume that the gearbox can be treated as closed system with the input and output 

torque acting on the axis passing through the center of the shafts. The second is to recognize that 

the reactions differ little along the shaft axes, and therefore the fasteners on each short side of the 

gearbox can be treated as bolt pairs, sharing the load equally. Under these assumptions it was 

found that the force on the input/output side of case is 2575N and the 3240N on the other. The 

forces will be transferred through two class 8.8 M8 x 30mm bolts each to a bedplate. Then the 

bolts were analysed for static failure through the same method outlined in chapter 15 of Norton 

[1]. This method involved examining the stiffness of the bolt (kb) against and the material (km) 

to determine the proportion of the load on then felt by the bolt (Pb) then determining the 

maximum stress in the bolt (𝜎𝑏). By comparing the Yield strength to the stress felt by the bolt the 
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minimum safety factor was found to be 𝑁𝑦  = 1.13. Finally, by comparing the load required to 

separate the joint to the applied load the safety factor for separation was found to be  

𝑁𝑆𝑒𝑝𝑎𝑟𝑡𝑖𝑜𝑛 = 1.042. Complete calculations can be found in Appendix B-7: Fastener 

Calculations. 

 

4.0 Stakeholders 
 

The only stakeholder for the land for the micro hydro project would be the City of Nanaimo, as 

the selected location resides in Nanaimo Zone H. The nearest First Nations band is located 

approximately 50 km away in Qualicum Bay, and they do not have claim to this land. For this 

project it is assumed that legal access to the land will be acquired from the city of Nanaimo, 

however there will be a need to remove some trees to bring in the equipment, and install the 

micro hydro system, which will require the submission of an “Application for a License to Cut” 

through the Ministry of Forests [5]. It is worth noting that the addition of a micro hydro system 

to this area could be used to power a small building, which may attract private investors for a 

campsite, wilderness retreat, or fishing hut [5]. A final consideration for the project is that the 

river supports a moderate fish population [6] and will require a grate to protect them from harm 

and to prevent any undo maintenance.  

5.0 Conclusion 
 

We were tasked with designing a micro-hydro installation with the goal of creating electricity. 

The location we selected is in the Nile Creek, near Qualicum Bay, with a 20 m head. The land 

will need to be acquired from the City of Nanaimo, and an Application for a License to Cut will 

need to be submitted through the Ministry of Forests for any tree-falling required for the 

construction of the project. A grate will be installed on the intake to bar the local fish from 

entering the turbine. The turbine will have a specific speed of 60, a flow rate of 33 L/s, and a 

power output of 6.45 kW. The equivalent gearbox ratio chosen is 12.7:1. We designed the 

gearbox with two helical gearsets, which employs identical input and output shafts, a unique 

intermediate shaft, and an even gear ratio across both gearsets. The lowest safety factor of the 
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system is on the input shaft, at a value of 1.38. For the intermediate shaft, the safety factor is 

3.25. The output shaft is identical to the input shaft, but with less applied torque and therefore 

will not fail before the input shaft. The safety factor on the gearset is 1.515 from tooth bending 

failure, with a service interval of 26 hours. The bearings will have a service interval of 5.27 

years. The lowest safety factor of the fasteners is 1.13, which is expected for a 90% preload. 

Currently, further iteration on the shaft size and the gear service interval is required, and 

reasonable tolerancing needs to be determined before the project is complete. 

6.0 Recommendations 
 

In designing the gear box, we iterated over the shaft sizes and other factors a few times until we 

reached acceptable values. Unfortunately, in the process of iteration, some values were not 

updated correctly. In accordance with the ANSI Standard, parallel keys are to be of certain 

dimensions for each size of shaft. While verifying results, it was noticed that the key and keyway 

dimensions needed to be adjusted to match the increased shaft sizes. The shaft cross sections 

decreased because of this, lowering the safety factor to 1.38. Future work will include iterating at 

least one more time to get the lowest safety factor into the range of 1.5 to 2. Another error that 

was uncovered while doing sample calculations is that the gears spreadsheet was referencing a 

much smaller torque than was being applied. This decreased the time between servicing to 26 

hours – an unacceptably low value. To fix this error, the face width of all gears should be 

increased to about 45 mm, which would allow the number of cycles between service intervals to 

be increased to the more comfortable range of 107 to 1010, and would allow the increase of the 

safety factor to be further above 1.5. It will also increase the length of all shafts, resulting in all 

the CAD drawings and bending calculations of the shafts needing to be redone. When planning 

the next steps, part tolerancing should be considered, as it was outside the scope of this project. 

To accomplish this, the thermal expansion of the shafts at the operating temperature of the 

gearbox will need to be determined. After these three tasks are complete and the results are 

verified, we are confident that this product will be ready to be manufactured, assembled, and 

installed at the project location.  
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Appendix A: Peer Review Sheet – Final Report 
 

Figure 7. Peer review sheet 
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Appendix B: Sample Calculations 
B-1: Sample Shaft Calculation 

 

Figure 8: Input shaft safety factor calculations for the large shoulder  
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B-2: Input Shaft Calculations 

 

Figure 9. Input shaft data 

 

Figure 10. Input shaft safety factor calculations 1 
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Figure 11. Input shaft safety factor calculations 2 

 

B-3: Intermediate Shaft Calculations  

 

 

Figure 12. Intermediate shaft data 



   

 

B-4 

 

 

Figure 13. Intermediate shaft safety factors 1 

 

Figure 14. Intermediate shaft safety factors 2 
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B-4: Key Failure Calculations 

 

Figure 15. Sample key failure calculations 
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B-5: Gears and Pinions Calculations 

 

Figure 16 Gear and pinion specifications sample calculations 
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Figure 17 Sample calculations on the input gear for bending failure. 
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Figure 18 Gear 1 sample calculations for surface failure, part 1 
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Figure 19. Part 2 of surface failure sample calculations on Gear 1 
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Figure 20. Input gear fatigue analysis and safety factor data 

Figure 21. Intermediate pinion fatigue analysis and safety factor data 
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Figure 22. Intermediate gear fatigue analysis and safety factor data 
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B-6: Bearings Calculations 

 

Figure 23: Bearing sample calculations 
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B-7: Fastener Calculations 

 

Figure 24. Endcap fastener sample calculations for yielding 
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Figure 25. Endcap fastener sample calculations 

 

Figure 26. Input and output endcap fastener data 

 

Figure 27. Intermediate shaft input endcap data 

 

Figure 28. Intermediate shaft output endcap data 
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Figure 29. Gearbox case cap data 
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Figure 30. Mounting reaction forces 
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Figure 31. Bedplate bolt analysis 
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Appendix C: Drawings and CAD 

 

Figure 32. Assembly drawing exploded view 
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Figure 33. Bill of materials 
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Figure 34. Input shaft assembly drawing  

 

Figure 35. Output shaft assembly drawing 
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Figure 36. Intermediate shaft assembly drawing 
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Figure 37. Input/output shaft drawing 
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Figure 38. Intermediate shaft assembly drawing 

 

Figure 39. Isometric view of gear train assembly 
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Figure 40. Top view of gear train assembly 

 

Figure 41. Top section view of gear train assembly 
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Figure 42. Housing mounting to infinitely strong bedplate 

 

Figure 43. Isometric view of entire assembly 
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Figure 44 Right view of entire assembly 

 

Figure 45. Top view of entire assembly 
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Figure 46. Back view of entire assembly 

 

Figure 47. Front view of entire assembly 
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Figure 48: Bearing datasheet
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Appendix D: Free Body Diagrams and Loading Calculations 
 

 

Figure 49. Input shaft free body diagram 1 
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Figure 50. Input shaft free body diagram 2 
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Figure 51. Intermediate shaft free body diagram 1 
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Figure 52. Intermediate shaft free body diagram 2 
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Figure 53. Intermediate shaft free body diagram 3 
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Figure 54. Output shaft free body diagram 1 
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Figure 55. Output shaft free body diagram 2 

 


