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ABSTRACT

The following report describes Koopa Auto Group’s (KAG) current design of the 4-speed
transmission, as contracted by MecE 360 Inc. that would be sufficient for Dry Bones to race
with. The transmission includes an input and output shaft, with each having four gears that were
selected using calculated gear ratios held by bearings on the ends of each shaft. The lifetime of
the transmission was assumed to be 4 races or about 10 hours. This report outlines the design of
the shafts, gears, and bearings to fall within evaluation criteria and the design process.

The input and output shaft will be made from AISI 1080 Steel. The minimum diameter was
calculated using ASME DE Elliptic criterion, and it was found that the bore diameter of 42 mm
for the input shaft and 43 mm for the output shaft was sufficient by being larger than the ASME
DE Elliptic diameter found. Angular deflection at the gear and bearings, total deflection at the
gears, and the angle of twist all fall within the specified evaluation design criteria. Through this
analysis, the diameter at the bearings will be 35 mm for the input shaft, and 40 mm for the
output. The keys used for mounting the gears onto the shaft were also analyzed for failure and
were found to be within acceptable values for the material chosen.

A full gear analysis has been completed with the gear ratios between the first and fourth gears
being 0.52, 0.80, 1.25, and 1.94, respectively. These ratios were found after the final drive ratio
was calculated to be 0.194, allowing for KAG to reduce the ratios that were initially found. The
gears were selected from RushGears based on simplified ratios of 0.5, 0.8, 1.25, and 2.

Due to the high speeds involved, angular contact ball bearings were the chosen type due to their
high limiting speeds. Fatigue life and critical force is 7.8 million cycles and 1279.48N as well as
3.6 million cycles and 1612.04N were obtained for the output and input shaft, respectively.
Bearing number 7908 was chosen for the output and bearing 7907 number for input shaft and
were selected from the NSK bearing catalogue.

Utilizing AGMA standards, assumptions, and equations, KAG was able to compute the bending
and contact stresses for each individual gear. The selected gears for KAG’s transmission system
have been calculated to successfully transfer engine torque to the driveshaft without failing as all
calculated bending and contact stresses are less than the calculated bending and surface strength.
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INTRODUCTION

Koopa Auto Group (KAG) has been contracted by MecE 360 Inc. to design a transmission
system for a Mario Kart Go-Kart. Specifically, a 4 or 5 speed manual transmission that is to be
powered by a Kawasaki KLR650 CAMO engine with a maximum engine output value of 24.4
kilowatts at 6500 rpm. It has been specified that the primary reduction will be 2.272. MecE 360
Inc. has specified the use of stock gears and bearings from manufacturers only. Finally, the
gearbox must take the output torque, speed, and weight of the go-kart along with the chosen
rider. Koopa Auto Group has designed a 4-speed transmission with a dog clutch shifting
mechanism without reverse gearing. KAG chose Dry Bones as the driver to compete on Course
#2, Luigi Circuit whose dimensions will be based on the Monza circuit by Formula 1. The
calculated combined mass of Dry Bones and the go-kart is 218 kg. KAG has done most
calculations under the condition that the primary reduction is no longer used, making the
transmission more robust and versatile. KAG has utilized all design standards in major
calculations such as 1ISO and AGMA standards for spur gears, and ASME for strength criteria.
The group has taken all pre-set project specifications into consideration throughout all aspects of
the project lifecycle.



DESIGN METHODOLOGY AND PROJECT PLANNING

In the early phases of the project, emphasis was placed on organization to allow for a more
stream-lined work process. The most prominent example is the Gantt chart (Appendix B), which
laid out a long-term plan for design methodology and workflow by specifying dates and times to
work on each portion of the project. Regular weekly meetings were also set up and meeting
minutes were taken regularly to ensure consistency between schedules and assigned tasks
(Appendix I).

KAG also made use of different methods for stream-lining concept creation and selection.
Initially a mind map was used for organization of initial ideas (Appendix C). These initial ideas
were then brainstormed, and a few potential candidates were chosen for the final design.
Namely, a four speed with dog clutch shifting mechanisms, five speed with dog clutch shifting
mechanisms and reverse as well as a four speed with synchronizer shifting mechanisms. The
ideas were then evaluated using weighted criteria in design matrices where KAG determined the
optimal design to be a four-speed with dog-clutch shifting mechanisms.

CONCEPT SELECTION

During the concept selection phase, a mind map was created (Appendix C) to decide between
initial designs. From this, three initial concepts were considered: a 4-speed speed transmission
with synchronizers, a 4-speed transmission using a dog clutch, or a 5-speed transmission using a
dog clutch. These concepts all involved spur gears due to their greater availability.

Based on the initial concepts, decision matrices (Appendix D) were created to compare a 4-speed
or 5-speed transmission, as well as a synchronizer and dog clutch. The matrices examined the
strengths and weaknesses of the designs, using the factors shown below:

For the transmission:
Compactness (10): The size of the transmission with gears and components. Space within a go-
kart is limited and creating a compact transmission will reduce the overall mass of the vehicle.

Efficiency (10): How fast the kart will accelerate and its shift recovery time. This was given a
weight of only ten due to the track selected which consists of mostly long straits, as the kart is
expected to reach top speed and maintain that speed for extended periods of time without many
gear shifts.

For the clutch:

Quickness (50): The time required to shift between gears in sequential order. It is vital that Dry
Bones can quickly shift between gears when turning corners and entering new straits, while
remaining as close to the maximum power output as possible.



For both:

Reliability (15): Ability of the transmission to function under specified conditions for a specified
period without failure. This is to identify the chance of failure during a race, while cost is not an
issue it is important that the driver remain safe.

Weight (20): The mass of the transmission or shifting mechanism. Less energy will be required
to accelerate a lighter go-kart than a heavier one, meaning that the mass should be optimized. A
lower weight involved will aid in creating a more efficient transmission.

Durability (5): Durability has been defined as the transmission’s predictable lifespan. The kinds
of wear and tear those parts may experience during the race, and the lifetime of the parts.
Durability was weighted relatively low as KAG plans on recreating the transmission after a
certain number of races to maximize the quality of the transmission.

Cost (5): The total cost of the object. MecE 360 Inc. stated that cost was not a large factor, but
KAG decided to include it at a lower weighting as there would be cost associated with
overhauling the transmission after a determined number of races.

The completed decision matrices closely selected the four-speed transmission with a dog clutch,
mostly due to the transmission’s reliability and compactness, as well as the dog clutch’s
quickness. This design is what KAG ultimately decided upon using.
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Figure 1: Finalized shaft design, created in SolidWorks (see Appendix H)



ANALYSIS

Shaft Analysis

These shafts were designed to tolerate the forces that result from the bearings and gears and will
be able to transmit torque from the engine. To begin this process, KAG made assumptions that
would make the initial steps easier to compute.

Gears used are spur gears

Shafts are designed with 90% reliability and infinite life, with no miscellaneous factors
Shafts are machined

Bending is dominant on both shafts

Torque application is constant

The shaft is supported by two bearings at the ends

The bearing and gear forces act as point loads

All dimensions and sizes fit within the normal range of values

There is no undercutting or interference of the gears

10 There is a safety factor of 1

©ooN A WNRE

It is important to note that the only forces that will be acting upon the shaft at any given moment
will depend on the gear selected. As seen in the Free Body Diagram (FBD) below, the tangential
and radial forces of only one gear will act upon the shaft. These values are determined using the
pitch diameter of each gear, and the distance from the left bearing will be important to determine
the reaction forces. To make calculations easier, KAG created an SMath program that has the
user select a specific gear (Gear 1, 2, 3, or 4) which assigns the distance from the left bearing, the
pitch diameter, and number of teeth for the input shaft (Appendix E). For the output shaft, using
the same system allows the user to select the same criteria listed previously and includes the gear
ratio to alter the torque experienced by the shaft (Appendix E).

Tin
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Figure 2: Free Body Diagram (FBD) of Input Shaft



To space the gears apart, an initial shaft length was assumed to be 425 mm. After deciding that
the shaft ends would be at the center of the bearings, KAG initially spaced the gears evenly
apart. After the Analysis Report was submitted, it was decided to shift gears 2 and 3 so that they
would remain directly next to each other to reduce the time it would take to shift between the two
gears. When creating the solid model, it was found that there would not be much space between
gears 1 and 2, and gears 3 and 4 which would be needed to allow a dog clutch ample space to
move. To accommodate this, gears 1 and 4 were shifted closer roughly 20 mm to the left and
right bearings, respectively.

The gear ratios used in calculation were taken as 2, 1.25, 0.8, and 0.5 for gears 1 through 4,
respectively. The process for calculating the gear ratios can be seen later in the document under
‘Gear Ratio Analysis’.

Initially, AIS1 1020 Steel was used, but this caused too much deflection at the gears, so AlSI
1080 Steel was selected because of its higher modulus of elasticity [1]. As well, temperature
needed to be considered and was taken as 195 F [2]. Using AISI 1080 Steel, KAG used
singularity functions to produce moment diagrams, eventually leading to the calculation of stress
concentration factors (SCFs), as well as endurance strength of the shaft [3] [4].

While there are steps in the shafts with a step radius of 3 mm, keyways proved to be important
for the SCFs which would later be used to calculate the minimum diameter using the ASME DE
Elliptic equation. It was assumed that the keyways would contribute to the stress concentration
factors the most, so their respective Kt and Kts values were used to find Kfm and Kfms.

Using the ASME DE Elliptic equation, a minimum diameter was found for the shaft at each gear
shift. This diameter was not taken directly as the diameter of the bore shaft. While it passed
using the assumption of a minimum safety factor of 1, these values were found to cause
unacceptable deflection and twist when compared to the evaluation criteria previously
mentioned. Thus, a bore diameter of 42 mm for the input shaft was taken to allow for a more
space for a keyway while a bore diameter of 43 mm was taken for the output shaft. It was
initially found that a bore diameter of 38-39 mm would suffice, but it was difficult to find gears
with that specific diameter, so the bore diameter was increased to match the bore diameter of the
gears selected. The diameter at the bearings will be 35 mm for the input shaft and 40 mm for the
output shaft.

To ensure the safety of the shaft, KAG followed ASME DE elliptic strength criteria which limit
the slope, deflection, and twist of the shaft.

e Deflection at gears < 0.127 mm

e Angular deflection at gears < 0.0005 rad

e Angular deflection at bearings < 0.004 rad
e Angle of twist < 3 deg/m



The results of KAGs analysis can be found in Table 1.

Table 1: Summary of values found using SMath for the input and output shaft

Shaft Gear Minimum | Maximum Maximum Maximum | Maximum
Selected | Diameter | Deflection Angular Angular | Angle of
(mm) at the Deflection at | Deflection Twist
Gears the Gears at the (deg/m)
(mm) (rad) Bearings
(rad)
Input 1 15.63 0.028 0.0005 0.0009 0.191
2 17.54 0.080 0.0002 0.0009 0.191
3 18.40 0.087 7.43*10"-5 0.0009 0.191
4 16.74 0.021 0.0003 0.0005 0.191
Output 1 16.74 0.022 0.0004 0.0006 0.174
2 18.40 0.050 0.0001 0.0005 0.174
3 17.54 0.037 4.74*10"-5 0.0003 0.174
4 15.63 0.0061 9.40*10"-5 0.0001 0.174

While it was assumed that the minimum safety factor was 1, KAG moved forward with
calculating the fatigue safety factor and yield safety factor using the bore diameter of the shaft.
The findings have been summarized in the table below.

Table 2: Summary of Fatigue and Yield Safety Factors based on the gear selected

Shaft Gear Selected Fatigue Safety Yield Safety Factor
Factor
Input 1 19.39 22.28
2 13.73 17.91
3 11.89 16.27
4 15.13 19.07
Output 1 16.94 21.03
2 12.76 17.46
3 14.74 19.22
4 20.80 23.91
Keyway Analysis

It was decided that keyways would be used to mount the gears onto the shaft, meaning that the
keyways needed to be analyzed for potential failure as they would be SCFs on the shaft. KAG
will be using stainless steel for the keys and using the maximum torque on both the input and
output shaft for analysis. The keys on the input shaft would be experiencing 81.44 Nm of torque
with this translating to be 2.12 MPa of stress. The key experiencing the most torque on the
output shaft would be the one at the first gear (162.89 Nm) and would experience a stress of 4.24
MPa. These keys are well under the maximum stress that stainless steel can experience, which is
74.5 MPa (see Appendix E).
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Gear Analysis

Gear analysis was divided into two major sections, gear ratio analysis and gear force analysis.
The gears utilized in the transmission have been optimized for maximum possible speed around
Course #2, and they have been designed to withstand the necessary forces to transmit torque
from the engine to the wheels.

Gear Ratio Analysis

Given a primary reduction of 2.272, the optimal gear ratios were
determined by KAG through analysis of the track, and it’s features
such as straightaways, high radius turns, and low radius turns. To
determine the features of course #2, estimates were used based off
the course’s real-life inspiration, Monza circuit. Through research
it was found that a typical go-kart-track is approximately 1/6 the
length of a racing track [5] [6]. Using this factor and dimension for
Monza circuit, the radii of turns as well as the length of
straightaways were estimated [7].

The most important values found were the maximum and
minimum speeds achieved on track as these values allowed for the
initial and final gear ratios to be determined. The maximum speed  Figure 3: Course #2 with wide
on track was found at the end of the longest straightaway and the  turning radii and long straits
minimum speed was found at the smallest radius corner and were

found to be approximately 130km/h and 50km/h respectively using a coefficient of drag of 0.5
[8] (see Appendix F).

With 1%t and 4" gear determined, 2" and 3" gear followed. They were calculated by allowing a
common multiple to exist between each gear ratio (see Appendix F, final_gear_calcs.sm). This
causes a common loss of RPMs when shifting up for all gears which is ideal for staying as close
to the peak horsepower of the engine as possible. The calculated gears were found to be 2.64,
4.10, 6.37, and 9.89, and the common ratio between them was 1.55. This means that each shift
causes a 1/1.55 or 34% loss in RPMs. From peak RPM this leaves us at 4900 RPM
corresponding to about 31hp [9].

With each gear ratio determined KAG found that the most extreme gear ratio of 9.89 was
difficult to work around. This was because higher gear ratios are generally less efficient and most
importantly it created a large distance between the shafts which increased the magnitude of the
forces that the gears placed on the shafts. As such, a final gear ratio was placed between the
wheels and the transmission system. This allowed extreme gear ratios such as the 4" gear to be
minimized. The geometric mean of the 1% and 4" gear was found to be 5.1, so was used as the
final gear ratio. This is because dividing each of the transmission gear ratios by 5.1 led to 1%t and
4™ gear being reciprocals of each other, which minimizes gear ratio extremity. Any deviation
from this final gear ratio would either cause 1 gear to become more extreme or 4" gear to
become more extreme.

11



The ratios then became 0.52, 0.80, 1.25, and 1.94. This design of final drive ratio also had the
benefit of 1%t and 4™ as well as 2" and 3" gears being the same gear pairs. This allowed KAG to
have a more streamlined gear selection process and allowed for more variation in potential gear
candidates.

Finally, the values were rounded to simple ratios to allow for gear selection to occur. The
transmission ratios were approximated as 0.5, 0.8, 1.25, and 2, while the final drive ratio was
approximated as 5. The error in top speed from this approximation was calculated and found to
be 5.6% error, which was within KAG’s margin of acceptance (Appendix F).

Gear Force Analysis

Stresses on the gears are induced by the torque generated from the Kawasaki KLR 650 CAMO
engine used in the go-kart. Tangential forces are a result of this and are imposed onto the gears;
bending and contact stresses arise. AGMA equations and assumptions for spur gears were used
in the approximation of these stresses along with the following KAG assumptions:

Gear quality index isa 9

Gears undergo moderate shock from a 4 stroke, single cylinder engine
Gears are a solid disk with no rims

Operating temperature is 195 degrees Fahrenheit

Gears are designed with 90% reliability

Transmission is designed for 107 cycles

ogakrwdPE

All gears models in addition to crucial gear information such as gear characteristic values (face
width, pitch diameter etc.) were found on the manufacturer's website [10]. To ensure the chosen
gears can withstand the forces that will be placed upon them, KAG calculated the bending and
contact stresses of each individual gear, along with their corresponding strengths. An SMath
code was developed to calculate these forces, stresses, and safety factors (see Appendix F,
MECE360_Gear_Analysis UPDATED.sm).

All factors obtained and utilized in calculations (geometry, application, load distribution etc.)
were obtained using AGMA tables, charts and values found on the official AGMA standards
manual [11][12].

The results of KAG’s gear force analysis can be found in Table 3.

12



Table 3: Gear Force Analysis results

Gear Bending Contact Bending Surface Gear
Selected Stress Stress Strength Strength Model
(MPa) (MPa) (MPa) (MPa)
Input 1 23.4 314.3 1045.8 1908.5 F342
2 26.5 316.9 1048.8 1908.5 F335
3 32.0 341.9 1080.9 1932.5 F328
4 40.8 398.9 1158.8 1984.0 F321
Output 1 25.4 444.5 1045.8 1908.5 F321
2 27.5 354.3 1045.8 1908.5 F328
3 30.8 305.8 1080.9 1932.5 F335
4 37.6 281.6 1158.8 1984.0 F342

Although assumed to be 1.0, KAG calculated the bending and wear safety factors. The values
can be found below.
Table 4: Bending and Contact Safety Factors calculated for each gear

Gear Bending Contact

Selected Safety Safety

Factor Factor
Input 1 44.6 36.9
2 39.5 36.3
3 33.7 31.9
4 28.4 24.8
Output 1 41.2 18.4
2 38.0 29.0
3 35.1 39.9
4 30.8 49.6

It should be noted that the critical gear in this transmission system is output gear 1 as it has the
lowest safety factor at 18.4. The lowest safety factor falls under contact safety factors, and thus

input gear 4 would be expected to fail via contact fatigue before any other gear.

13



Bearing Analysis

Bearings were placed on either end of both shafts, to hold the shaft in place and minimize
friction during shaft rotation. Since spur gears are used in the transmission, the force on the shaft
and therefore the reaction forces on the bearings were assumed to be purely radial. These forces
were taken as the maximum reaction forces resulting from shaft analysis. Due to KAG’s plan to
replace the transmission every four races, a lifetime of 10 hours was assumed. For the
calculation of fatigue life, the speed for the input shaft was assumed to be equal to the maximum
speed of the Kawasaki KLR650 engine, which is 6,500rpm. The speed of the output shaft was
then assumed to be the resulting speed when operating at the highest gear ratio, which resulted in
a speed of 13,000rpm. Due to these high speeds, angular contact ball bearings were the chosen
type due to their high limiting speeds. The bearings will be lubricated with oil, allowing for
higher limiting speed compared to grease.

With the values for speed and lifetime, fatigue life of 7.8 million cycles and 3.6 million cycles
were obtained for the output and input shaft, respectively. Using the calculated fatigue life,
reaction forces, 10% survival probability (reliability factor of 1), and assumption of ball
bearings, the critical force for input bearings was calculated to be 1612.04N, and the critical
force for the output bearings was calculated to be 1279.48N (see Appendix F).

Using the calculated critical forces for the input and output shafts and the assumed operating
speeds, bearing number 7908 and 7907 were chosen for the output and input shafts, respectively.
The basic dynamic load ratings for 7908 and 7907 is 14,300N and 11,400N respectively. Since
the ratio of the expected radial load to dynamic load rating is approximately 8 for both gears, the
uncorrected limiting speed for the bearings was multiplied by a correction factor of 0.9, in
accordance with NSK’s rolling bearing correction of limiting speed [13]. After accounting for
correction due to loading, the limiting speed of bearing 7908 is 15,300 rpm, and the limiting
speed of bearing 7907 is 11,400rpm [13].

Shifting Mechanism

A sequential shifting mechanism was chosen by KAG over a traditional H-pattern gear-box due
to it’s potential for faster shifting in race applications. This involved the rotation of a ‘shifting
shaft’ to move the dog clutches. Shifting links were used to connect the shifting shaft and the dog
clutches and the movement of the dog clutches was achieved using grooves on the shaft and
inserts on the shifting links. To create the 4-speed transmission, two dog clutches were needed,
two shifting links and two grooves on the shifting shaft were also necessary. The grooves on the
shifting shaft were designed to ensure that the transmission could only be in a single gear at a
time and allowed for a neutral position as well. The grooves were also designed in such a way
that 1/5 of a rotation would cause a change by one gear.

14



Figure 4: Assembly View of shifting mechanism on the input shaft, created in SolidWorks (see Appendix
H)

SUMMARY OF FINAL DESIGN

KAG was able to produce 4-speed transmission using a dog clutch with gear ratios of 0.5, 0.8,
1.25, and 2. The input shaft will have a bore diameter of 42 mm, a bearing diameter of 35 mm
with a step radius of 3 mm. For the output shaft, there will be a bore diameter of 43 mm and a
bearing diameter of 40 mm with the same step radius as the input shaft. Gears were selected from
RushGears and the bearings were taken from the NSK bearing catalogue. KAG created detailed
drawings to outline key measurements required when manufacturing and machining the various
parts included (see Appendix H).

CONCLUSION

In this final report, as contracted by MecE 360 Inc., KAG was able to design a transmission for
the go-kart as driven by Dry Bones along Course #2 which has been modelled after the Monza
Circuit from Formula 1. To begin analysis, the gear ratios were calculated based on top speed
calculations, and an in-depth force analysis was completed for each gear. Once the gear ratios
were calculated, the shaft analysis was done, calculating the ASME DE elliptic minimum
diameter and calculating to see if there would be too much deflection or twist along the shaft
regarding the ASME evaluation criteria. The ASME DE Elliptic diameter aided in the selection
of gears that would then need to be analyzed. Bearing calculations were done to select bearings
that would be able to withstand the torque on the shaft as a final step. KAG was also able to
design a dog clutch for the transmission as the shifting mechanism. KAG is confident that Dry
Bones will be able to successfully navigate Course #2 with the transmission designed and will
come first in the race.
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APPENDIX A: LETTER OF INTENT

Eocopa Auto Group
El1-007 Engmeermg Teaching and Leamning Complex
116 5t WW, Edmonton, AB T6G V4

September 10, 2021

Prof. Dian Fomanyk
MECE380 Inc., University of Alberta

10-334 Donadeo Innovation Centre for Engpineerng
9211 116 5t NW, Edmonton, AB T6G 1H9

dromanykigualberta ca

Dear Dr. Fomanyvk,

Eoopa Auto Group (BEAG), formerly Group #12, 15 exeited to present this Letter of Intent regardmg the Mano Eart
Transmussion Project. EAG will be designng the transoission svstem to be optimazed for the character Dy Bones, and

course #2.

EAG understands the scope of work that thas project entails and agrees to all condiions specified by MecE360 Inc., as
deseribed m the file “MecE360 Project Syllabus™ (Accessed: 090082021,

The seven currently contracted emplovees of EAG and their contact information are histed 1o the table belowr:

MName (Last, Forst) Student ID Mumber [Email

COBRRELIA, Nathan 1615361 meorrela @ualberta.ca
BASHIE, Clara 1517084 lebashwiinalberta ca
PARISH, Arey 1683419 garyn/iimalberta.ca
LAM-TEAN, Eatherine 1615374 lamtranignalberta ca
LANZ, JToal 1601158 jmanzinalberta ca
NGUY, Chunton 1617391 lqonguyigualberta.ca
ZHI, m Wer 1616941 prinwel/iimalberta ca

Moreover, some mmportant dates associated with the availabehity of project mmformation to the chent are:

Project Information Dlate

Letter of Intent 09/12/21
Concept Feport 10/10:/21
Analysis report 11707721
Final Report 12/08/21

The zbove mformation will be sent to the chient electronically via the online program, ellass.

Onr team leader and company contact will be Mathan Comela (neormretaignalberta.ca), who will speak on behalf of the
group regarding the project’s progress at any given fime,

Furthermore, 1f the bid 15 accepted, all design mtellectual property (IF) will remain that of the University of Alberta’s
MMecE360 Inc. Thank vou for considenng Koopa Auto Group, we lock forward to working together.

Nloraia o e d L Al

COPPEIA Wathan BASHIF, Clam  PARISH Amey LAM-TRAN, Eatherine MANZ Joel — NGUY, Cruinton ZHI, Xin Wei
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APPENDIX B: GANTT CHART

GANTT CHART GROUP 12

START DURATION  PERCENT
TASKHAME oare  ™MOPATE wopkpavs) compiere [ETREESIIRRRY
First Sample Project

Write Letter of Acceptance 9/10 9/12 2 100%
Gantt Chart - Preliminary 9/16 9/16 0 100%
Concept Report 9/16 10/6 20 100%
Group-to-Group Review 10/7 10/13 6 100%
Analysis Report 10/7 11/3 27 100%
Group-to-Group Review 11/3 11/12 9 100%
Oral Presentation 11/13 11/25 12 100%
Final Report 11/4 12/8 34 100%
Final Review 11/4 12/8 34 100%
Legend:

Progress | ]

Timeline

Week of Oct 11-17
M T W Th F Sa Su M

Week of Nov 15-21
M T W |Th F Sa

F

w

Week of Sep 13-19

Sa

Su

F

Week of Nov 22-28
M| T | W|Th F

M

Week of Oct 18-24

Th Sa

T

Su

Week of Sep 20-26

W Th

F

Sa

Su

Week of Oct 25-31

M T

Sa

W Th

Su

Sa

M

Su

Week of Sep 27-Oct 3

T

W  Th

Week of Nov 1-7

F

M T W Th

Figure 55: Gantt Chart used for project deadlines

Sa

F

Week of Nov 29-Dec 5

M T W Th Sa

Su

Sa

™M

Su

Su

T

Week of Oct 4-10

W Th F Sa Su
Week of Nov 8-14
T W Th Sa Su

Week of Dec 6-12

M| T W) Th

F
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APPENDIX C: MIND MAP

“(7 Cost e o
- > Materials
[ Availability ) : M

[ “ﬁours
Reliability
standards :
i S ! Safety
requ|7$§r?1ents \
G Go Kart

ransmission

Carr
" Marginally ) = — |
. bignter” | (_4speed ) |
ea )
\ Seﬁectlron T ‘
=~ A SSpeed }—_ |

( Shaft Length 7 -
(" Helical »— )
= A GearType |

Spur [y /
_— [ Reverse |
\ Gear

— Cost )

|

[ Materials Mass

Figure 66: KAG Go Kart Transmission Mind Map
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APPENDIX D: DECISION MATRICES

Table 5: Decision Matrix to select 4 or 5 Speed Transmission

4 or 5 Speed
Criteria
Reliability | Compactness | Efficiency | Weight | Durability | Cost
MAX 10 10 50 20 5 Total
VALUE
4 Speed 8 9 40 18 5 5|85
5 Speed 5 7 45 18 4 83
Table 6: Decision Matrix to select Dog Clutch or Synchronizers
Shifting Mechanism
Criteria
Reliability | Quickness | Weight Durability | Cost
MAX 15 50 25 5 5
VALUE
Dog Clutch 8 50 20 4 5|87
Synchronizers 12 30 20 5 4|71
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APPENDIX E: SHAFT ANALYSIS

|[KAG Input Shaft Analysis]

KAG Input Shaft Analysis

[E—Assumptions, Evaluation Criteria, Torque Calculations

Assumptions:
1. Gears used are spur gears
2. Shafts are designed with 90% reliability and infinite life, with no miscellaneous factors
3. Shafts are machined
4. Bending is dominant on both shafts
5. Torque application is constant
6. The shaft is supported by two bearings at the ends
7. The bearing and gear forces act as point loads
8. All dimensions and sizes fit within the normal range of values
9. There is no undercutting or interference of the gears
10. There is a safety factor of 1

Evaluation Criteria:

1. Deflection at gears: 127 mm

2. Maximum angular deflection at bearings < 0.004 rad
3. Angular deflection between gear axes < 0.0005 rad
4. Angle of twist < 3 deg/m

Inputs From Engine

Maximum Power
P =24 .4 kW @ g:: 6500 rpm=680.6784 Hz

eng en
Primary Reduction

r,=2.272

Torque Calculation

Torque before reduction Torque on input shaft
T,:=— =35.8466 N
o'*meng— : m T, =T, r,=81.4435Nm

[E—User Inputs

Shaft Properties: AISI 1080 Steel is used [1]
i S =965 MP
Ultimate Strength ot a Shaft Length L= 425 mm
Yield Strength Sy := 585 MPa
Young's Modulus E:=205 GPa Design Factor of Safety: n_ =1
Shear Modulus G:=80.0 GPa Operation Temperature Toper =195
(in Fahrenheit) [2]
Bore Diameter of shaft d, =42 mm
Diameter at bearings d, :=35 mm Shoulder on shaft radius r:=3mm

Gear Properties:

Pressure Angle
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¢ =20 deg

Gear Engaged

IKAG Input Shaft Analysis |

Pitch Diameter

Number of Teeth

Distance from left bearing

1 dpl :=355.6 mm N, =42 a:=54.10 mm

2 dpz :=296.342 mm N,:=35 b:=174.40 mm
3 dp3 :=237.058 mm N, =28 ¢ :=250.60 mm
4 dp4=:l77.8mm N, =21 €:=370.90 mm

Gear Selection:

gear pick:=

Pitch Diameter
if gear pick=1

Select 1,2,3, or 4

Number of Teeth
if gear pick=1

Distance from left bearing
if gear pick=1

d :=d N:=N L =
jel pl 1 gear
else else else
if gear pick=2 if gear pick=2 if gear pick=2
d :=d N:=N L i=b
P r2 2 gear
else else else
if gear pick=3 if gear pick=3 if gear pick=3
dp = dp3 N:= N3 goar i=C
else else else
dp = dp4 N:= N4 LQ’ear =e
[El—Forces from Gears and Support Reactions
L Only the forces from one gear will be acting on the input shaft at any
R . , given time. The engaged gear selected by gear_pick will be

analyzed.

Figure 1: Free Body Diagram (FBD) of the intermediate shaft and associate distances

a:=54.10 mm b:=174.40 mm c:=250.60 mm €:=370.90 mm

Forces from gears:

Tangential Forces from Gears: Radial Forces from Gears:

=458.0622 N Wr::Wt-tan(¢)=166.721N
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IKAG Input Shaft Analysis |

Reaction Forces from support bearings:

W L

R, =—2%" — 21 2226 N
2y 1T I = . Rly::Wr_R2y=145'4984N
w, L
R, =—9°2% _ 58 3086 N - -
oz T . Rlz .7Wt—R22—399.7535N
[Fl—Singularity Functions
Function q(x) Evaluation

S(x,a,n)=if ((x—a)>0)A(n>0) ==

(x-2)"
else
0

In x-y plane:

Shear fiow/
distributed load

Shear force/
support reactions

Moment/ couple
(internall)

Figure 2: A guideline for finding singularity functions [3]

“lx-a,fx2a

<x—a>® :[o‘.r\-z a
Lifxza

“loifx=a

<x-a>? _[Oifx#a
toifx=a

<x—a>1 0ifx#a

¥ 1y’ gear !

Vy(x]: ly-s(x,o,o)—w s[x, D]+R2y-$(x,L,D]
Mz(x):Rly-S(x,O,l)—W S[x, 1]+R2y- (x, L, 1)
v '

x
64

Vy (% mm) N

Figure 3: Shear Force Diagram (SFD) in the y-direction

for gear 1

M_(x mm)Nm

Figure 4: Bending Moment Diagram (BMD) in the z-direction

for gear 1

4
(¥ mm) N

Figure 5: SFD in the y-direction for gear 2

M, (x mm) Nm

Figure 6: BMD in the z-direction for gear 2
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|[KAG Input Shaft Analysis |

y ¥
7
4 N
pd \
x
Vy{xmm)N M (x mm) Nm
Figure 7: SFD in the y-direction for gear 3 Figure 8: BMD in the z-direction for gear 3
Yy y
X
Vy(Xmm)N M, (X mm) Nm
Figure 9: SFD in the y-direction for gear 4 Figure 10: BMD in the z-direction for gear 4
In y-z plane:
q,(x):=R,_+5(x,0, -1)=W,_-5 [x, Lioar —1]+RZZ S (x, L, -1)
V_(x):=R, -5(x,0,0)-m, 's[x, Diear OJ+R22-S(X, L, 0)
My (X) _Rlz = (X’ 0, l)_wt 'S(X’ Lgear’ 1]+R22'S(X' L, 1]
y y

d128

v, (x o)

Figure 11: SFD in the z-direction for gear 1

M, (¥ mm) N m

Figure 12: BMD in the y-direction for gear 1
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IKAG Input Shaft Analysis |

V_(x mm) N
Figure 13: SFD in the z-direction for gear 2

y

M (X mm)Nm
Figure 14: BMD in the y-direction for gear 2

bg

=1&3 - 128 <

V] (x mm) N
Figure 15: SFD in the z-direction for gear 3

X

My(x mm) N m

Figure 16: BMD in the y-direction for gear 3

y

¥

v, (x mm) v
Figure 17: SFD in the z-direction for gear 4

Sum of the Moment vectors:

()= (1, (x)) 7 (¥, (x))

(¥ mm) Nm

M
F{gure 18: BMD in the y-direction for gear 4
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|KAG Input Shaft Analysis |

T y

X

M(x mm) Nm M(Xmm)Nm
Figure 19: Sum of the moment vectors for gear 1 Figure 20: Sum of the moment vectors for gear 2

¥ ¥

Z N
oA R ¥
t X
/ N\
e \\
A \
/’ \
.2 N
P d N
//’ \\\
x| | X

M(x 'nm)Nm

Figure 21: Sum of the moment vectors for gear 3

Forces on Shaft from the gear:

Max moment will occur at the gear
M ::M(L ]:23.0146Nm

max gear

Mo oi=—M =—-23.0146Nm
ma.

min x

Alternating and Mean Moment

M -M .
max min
M_ = =23.0146Nm
a 2
Mmax+Mm1n
M= =0Nm
2

M(x mm) N m

Max torque is from the engine input
T ::Tin=81.4435Nm

max

T . :=0Nm

min

Alternating and Mean Torque
T T

max min
Toi=————— =140.7217Nm
2
Tmax+Tmin
T i=————=40.7217Nm
2

Figure 22: Sum of the moment vectors for gear 4

El—Endurance Strength and Stress Concentration Factors

Uncorrected Endurance Strength:
if S5 <1463 MPa
ut
§',t=0.504-5_,
else

S' =737 MPa
e

S'_ =486.36MPa
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|[KAG Input Shaft Analysis |

aer MPa kpsi
Surface Condition Factor Surface finish b a B
Since it is assumed to be machined Ground 138 | -0.085 | 1.34 | -0.085
(standard unless otherwise indicated)
s 1 0.265 Machined or Cold drawn 4510265 2.7 | 0265
ut Hot-rolled 577 |-0.718 | 14.4 | -0.718
k =4.51- ra =0.7299 As-forged 272 | -0.995 | 39.9 | -0.995
. . Figure 23: Surface finish values [4]
Size Correction Factor 9
[0.8794°"  0.11=d <2in
. . . L . | 09147 2<d <10in
Calculated in while loop calculating minimum diameter e
24 2 <d <S5lmm
| 1517 5l<d <254mm

Figure 24: Size Correction Factor [4]

Load Correction Factor

Since bending is considered dominant ( 1 Bending
k =1 k. =4085 Axial
c 10.59 Pure torsion

Figure 25: Load Correction Factor [4]
Temperature Correction Factor

-3 -5 2 -8
kd=:O.975+0.32-[10 ]-T 70.115»[10 ]-T +o.1o4-[10 ]-T

oper

3 -12
70.595-[10 ]

oper

oper oper
k,=1.0005
Reliability Factor .
~Base reliability 50%
Since reliability is assumed to be 90% Relability | Ke

50

k :=0.897 -
e

95

99 9

[
(

99 0814
(

99 9% (

Miscellaneous Correction Factor e L

U 999 0,62

Figure 26: Reliability Factor [4]

k_:=1

Endurance Strength:

Moment of Inertia Polar Moment of Inertia

4
P % =1.5275-10" mm" = %
1S =L mm Jl:—2-I12340549-lO mm
4
n-ld, ] 4
IZ i=———= =73661.7574 mm 5 4
64 Jy,=2-1,=1.4732-10 mm

Nominal Alternating Bending Stress:

o = ———— =2.6368 MPa

Nominal Alternating Torsional Stress:

Nominal Mean Bending Stress:

Nominal Mean Torsional Stress:
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IKAG Input Shaft Analysis |

==—2:2‘3327 MPa

2D Alternating Stress State (Von Mises):

2 2
g :1/%10{” +3-1_ ., —4.8247 MPa

! ! =8.8651 MPa

o' =0 + o
maxnom anom mnom

Finding K Values

Find k values from "Shaft with shoulder" charts

d
RN = —0.0857
dz d2 .
Ktstep =1.60

qstep =0.77

K values from keyway

Ktkey =2.2

qkey :=0.78

Assuming the SCF for the keyway is greater:

Kt ::Ktkey =2.2

qg:i= qkey

Kf::1+q-[Kt—1]=1.936

tstep :

Ktskey =

ts = Ktskey =

'2—2:2‘3327 MPa

2D Mean Stress State (Von Mises):

2 2
,mnom ::Jomnom +3- Tmnom =4.,0404 MPa

=1.24

:=0.81

3

qs::qkey
::1+q5-[Kts—1]=2.56

— . ' — X '
Kfm =1if Kf |U maxnom < Sy fms if Kf |U maxnom| < Sy
Kf Kfs
else else
if K ‘|a' |>s if K -|a' >3
£ maxnom b £ maxnom v
— o' _ -
Sy Kf = anom Sy Kfs e anom
o' o'
mnom mnom
else else
o] 0
Kep=1.936 s — 2-56

[Fl—Calculate Minimum Diameter

countIt:=0

d . =0 mm
min



I[KAG Input Shaft Analysis |

d =42 mm Initial Guess

while |dmin —d|> 0.00001 mm

|d::dmin
ky=if (d>2.79mm)A(d <51 mm)
—-0.107

(2]

else
if (51 mm<d)A(d<254 mm)
—0.157
d
1.51‘[——]
mm
else
if d>254 mm
0.6

else
1

-k
c

S ::ka'kb -kd-ke-kf'S'e

16-n, 4-[Kf-Ma]2+3-[KfslTa]
v

d ., =
'min o
S
e

countlIt :=countlt 41

countIt =5

d . =15.6347 mm

mi

d check:=if d_. <d,
—_ min L
"Diameter of 42 mm is large enough"

else
"Diameter is too small"

E—verify using Evaluation Criteria

|Slope and Deflection Calculations: |

Rly-S(xoz)— sk, 1 2]+
2.12 s 2.11 [ ! Tgear’ ]

In y-direction

e, (x):::é%'

y(x)::%A

Solving for constants:
Y(0mn)=0mm y (L)=0mn

ng =0




|[KAG Input Shaft Analysis |

[—%] 6.?2-5(1:,0,3)— S[L,Lgear,3]+;Z§245(L,L,3] +C,,
€)= - =-0.0002
6, (x)i=—- Riy -5 (x,0,2)- i S (%0 Lyearr 2)+ Roy 5(x,L,2)|+cC
z E |2-1, 2.1 gear 2.1, ¥
y(x)::l Ry 5 (x,0,3)- ! S[x, L, 3]+ Roy S(x,L,3)|+c, x+C
E |61, 6-1, gear 61, 1y 2y
In z-direction:
Qy(xJ;:%. ;1;2.5(x, 0, 2)—20_‘7’;1 "5 (% Lgearfz]-»-zRZ:.s(x,L,z) +c,,
z(x)i=—- fz 5 (x,0,3)- i S (%1 Lgaars 3)F s S(x,L,3)|+c, x+C
E |61, 61 gear 61, iz 2z

Solving for constants:
z (0 mm)=0 mm

Z(L):Omm

& (x mm) rad

Figure 27: Total angular deflection for gear 1

€ (x mm) rad
Figure 28: Total angular deflection for gear 2

30



|[KAG Input Shaft Analysis |

6 (x mm) rad
Figure 29: Total angular deflection for gear 3

Total Deflection

Yy
15527343758-0
f03515625E-04
3.q5175/41258-0
0 x
0 128 256 3814
S (% mm) m
Figure 31: Total deflection for gear 1
Yy
9.155273 4375E
SE
X
S (x mm) m

Figure 33: Total deflection for gear 3

Compare to evaluation criteria:
Deflection at the gear:
g deflection:=4& [L

gear

]=0.0283mm

O (x mm) rad
Figure 30: Total angular deflection for gear 4

F1B125E-05

5(;?mm]m

Figure 32: Total deflection for gear 2

6 (% mm) m
Figure 34: Total deflection for gear 4



IKAG Input Shaft Analysis |

deflec verify:=if (g_deflection >127 mm)

"There is too much deflection at the gear "
else

"Deflection at the gears was determined to be acceptable"

Angular Deflection at the gear:

gear

g angdeflec :=6 [L ]:0.0005 rad
g_angdeflec verify:=if (g_angdeflec >0.0005 rad)

"There i1s too much angular deflection at the gear"
else

"Angular deflection at the gears was determined to be acceptable"
Angular Deflection at the bearings:
bearl_angdeflec :=6 (0 mm)=0.0005 rad

bear2 angdeflec:=86(L)=0.0009 rad

bear angdeflec verify:=if (bearl angdeflec >0.004 rad)
"There was determined to be tcoco much angular deflection at bearing 1"
else

if (bear2 angdeflec >0.004 rad)

"There was determined to be too much angular deflection at bearing 2"
else

"Angular deflection at the bearings was determined to be acceptable”

Angle of Twist:

¢ = i =0.1909377 224
J, -G ) m
angletwist verify:=if |¢ >3 gﬁg]
"The angle of twist was determined to be too large"

else
"The angle of twist was determined to be acceptable"

deflec verify ="Deflection at the gears was determined to be acceptable"
bear angdeflec verify ="Angular deflection at the bearings was determined to be acceptable"
g_angdeflec verify ="Angular deflection at the gears was determined to be acceptable"
angletwist verify ="The angle of twist was determined to be acceptable"
d check ="Diameter of 42 mm is large enough"
Alternating Bending Stress: Mean Bending Stress:
d; d,
Ko e Mo
oa::I—ZG.lZBBMPa om:I—:OMPa
1 1
Alternating Torsional Stress: Mean Torsional Stress:
d; d;
Kfs.Ta‘_ Kfs‘Tm‘T
Ia::J—1=7.1662MPa Im::J—1=7.1662MPa
2D Alternating Stress State (Von Mises): 2D Mean Stress State (Von Mises):
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|KAG Input Shaft Analysis |

ﬂ 2 2 { 2 2
U'a:: o, +3-1, =13.8415MPa o' =qo0 ~+3-71  =12.4122 MPa

Calculated Safety Factors:

_ 1 T
E 2 7 —19:38%° Fatigue Safety Factor
o—’ o—’
a + —m
S S
e Y
1
N i=——— =22.2825 ,
¥ o', o' Yield Safety Factor
¥ ¥

[El—Summarizing Minimum Diameters and verifying if Evaluation Criteria was met

|Summary of values found |
Gear  Minimum Diameter  Deflection at gear Ang. Deflec. at gear Max Ang. Deflec. at bearing Angle of Twist

(mm) (mm) (rad) (rad) (deg/m)
1 15.6347 0.0283 0.0005 0.0009 0.1909377
2 17.5394 0.0796 0.0002 0.0009 0.1909377
3 18.4034 0.0856 7.4329-10_5 0.0009 0.1909377
4 16.742 0.0212 0.0003 0.0005 0.1909377

Gear Fatigue Safety Factor Yield Safety Factor

1 19.3855 22.2825
2 13.731 17.9061
3 11.8866 16.2667
4 15.7881 19.5964

[Summary of whether or not evaluation criteria was met]
Gear  Minimum Diameter  Deflection at gear Ang. Deflec. at gear Max Ang. Deflec. at bearing Angle of Twist

1 Acceptable Acceptable Acceptable Acceptable Acceptable
2 Acceptable Acceptable Acceptable Acceptable Acceptable
3 Acceptable Acceptable Acceptable Acceptable Acceptable
4 Acceptable Acceptable Acceptable Acceptable Acceptable
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[El—Assumptions, Evaluation Criteria, Torgue Calculations

|[KAG Output Shaft Analysis |
Output Shaft Analysis

Assumptions:

1

. Gears used are spur gears
2. Shafts are designed with 90% reliability and infinite life, with no miscellaneous factors
3. Shafts are machined

4. Bending is dominant on both shafts

5. Torque application is constant

6.
7
8
9
1

The shaft is supported by two bearings at the ends

. The bearing and gear forces act as point loads

. All dimensions and sizes fit within the normal range of values
. There is no undercutting or interference of the gears

0. There is a safety factor of 1

Evaluation Criteria:

1.
2.
3.
4.

Deflection at gears: 127 mm
Maximum angular deflection at bearings <0.004 rad
Angular deflection between gear axes < 0.0005 rad
Angle of twist < 3 deg/m

Inputs From Engine

Maximum Power

P

eng

=24.4 kW @ g~ 6500 rem=680.6784 Hz

en

Primary Reduction

r,=2.272

Torque Calculation

Torque before reduction Torque on input shaft
7 =7 =35.8466 N
O T, m T, =T, -r;=81.4435Nm

[El—User Inputs

Shaft Properties:  AISI 1080 Steel is used [1]

Ultimate Strength S, =965 MPa

Shaft Length
Yield Strength Sy :=585 MPa
Young's Modulus E:=205 GPa Design Factor of Safety:
Shear Modulus G:=80.0 GPa Operation Temperature
(in Fahrenheit) [2]
Bore Diameter of shaft d, =43 mm
Diameter at bearings d, =40 mm Shoulder on shaft radius

Gear Properties:

Pressure Angle

L:=425 mm
Hf:: 1
=195
oper
ri=3 mm
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|[KAG Output Shaft Analysis]|

¢ :=20 deg
Gear Engaged Pitch Diameter Number of Teeth  Distance from left bearing Gear Reduction
-—_ -— -— .— 42 —_
1 dpl-7177.8mm N, =21 a:=54.10 mm rl'iziz
d — N — b .— §— 35 —
2 p2A7237.058mm , =28 = 174.40 mm rz'—§_1-25
— — — e 28 —
3 dpjx—296.342mrn N, :=35 ¢:=250.60 mm r3.7£7048
d = N, = = =21 0.5
4 p4-7355.6mm =42 e:=370.90 mm r4.,E, .
Gear Selection: Select 1,2,3, or 4
gear pick:i=
Pitch Diameter Number of Teeth Distance from left bearing Torque from Gear Reduction
if gear pick=1 if gear pick=1 if gear pick=1 if gear pick=1
d =d N:=N I i—a Tr:=7T, -r
jel pl 1 gear in 1
else else else else
if gear pick=2 if gear pick=2 if gear pick=2 if gear pick=2
d :=d N:=N L i=b T:=T, -r
P p2 2 gear in 2
else else else else
if gear pick =3 if gear pick=3 if gear pick=3 if gear pick=3
dp = dpj N := N3 Lgear =C T:= Tin Iy
else else else else
dp::dp4 N::N4 Lgear::e T::Tm-r4
[El—Force Analysis of Gears and Support Reactions
M Only the forces from one gear will be acting on the output shaft
at any given time
Wi Wr Wi

L

Figure 1: Free Body Diagram (FBD) of the intermediate shaft and associated distances
a:=54_.10 mm b:=174.40 mm c:=250.60 mm e:=370.90 mm

Forces from gears:

Tangential Forces from Gears: Radial Forces from Gears:
T, -2

in
W= a =916.1243 N W_i=W_-tan(¢)=333.442 N

Reaction Forces from support bearings:
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I[KAG Output Shaft Analysis |

R . r]'Lgear_
S =—42.4452 N Rly::—WI—R2y=—29O.9968N

7[_Wt]‘Lgear

R2z :7f=—116.6172N R, _=—W —R, =-799.5071 N

[El—singularity Functions

S(X, a, n)::if ((x—a))O)f\(nEO) Function a(z) Evaluation
Ramp <x—a> _[ Oifx<a
(x a)” = LT
Shear flow/ n <x-a>° - iv.li\ <a
else distributed load :}ﬂ-} Lifx>a
0 Shear force/ <x—a>1 ={ Oifx#a
support reactions F}:} +o,ifx =a
Moment/ couple <x—a>? ={ 0ifx#a
to,ifx=a

(internall) @

Figure 2: A guideline for finding singularity functions [3]

In x-y plane:

a, (x):ley §(x,0, —1)+W_-S [x Lyearr —1]+R2va(x, L, —1)
Vy(x)::Rly-S(x, 0, o)+wr-s[x, Lyears O]-&-RZ}/‘S(X, L, 0)
M_(x) =R, -5 (x,0,1)+W -5 [x Lpear+ 1]-}-}22y S(x, L, 1)
y Yy
! x
X
Vy(x mm) N M_ (% mm) Nm
Figure 3: Shear Force Diagram (SFD) in the y-direction Figure 4: Bending Moment Diagram (BMD) in the z-direction
for gear 1 for gear 1
Y y
. & X
X e
,//
Vy(xmm)N M, (X mm) Nm
Figure 5: SFD in the y-direction for gear 2 Figure 6: BMD in the z-direction for gear 2
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|[KAG Output Shaft Analysis |

N A
\\\ 7
X \\\ //
~

Vy (¥ mm) N M, (x mm)Nm
Figure 7: SFD in the y-direction for gear 3 Figure 8: BMD in the z-direction for gear 3

b 2 4

X
Vy (X mm)N
M, (x mm) Nm

Figure 9: SFD in the y-direction for gear 4 Figure 10: BMD in the z-direction for gear 4
In y-z plane:

CIz (X) 7Rlz‘5(x’ O’ _1)+Wt ‘S[X’ Lgear’ _l]+RZZ.S(X’ L’ _l)

v, (x):=R,_-5(x,0, O)+Wt-5[x, Loar v O]+RZZ.S(X, L, 0)

My(x) =R,_-S(x,0, l)+Wt-S[X, Lyear s 1]+RZZ-S(X, L, 1)

¥ y
|
X

<512
V_(x mm) N My(xmm]Nm

Figure 11: SFD in the z-direction for gear 1

Figure 12: BMD in the y-direction for gear 1
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y 32 |y
‘ X
X 2
V, (x mm) N M, (x mm)Nm
Figure 13: SFD in the z-direction for gear 2 Figure 14: BMD in the y-direction for gear 2
Y ¥
X
X =32 \/
Vz[xmm)N My(Xmm)Nm
Figure 15: SFD in the z-direction for gear 3 Figure 16: BMD in the y-direction for gear 3
y y
- X
X
V, (x mm) N My(Xmm)Nm
Figure 17: SFD in the z-direction for gear 4 Figure 18: BMD in the y-direction for gear 4
Sum of the Moment vectors:
2 2
 (x )= (2, ()] + (¥, ()
56 v y
78 \
10 %
8 16
K 0 128 25 84 3 =

M(x mm) Nm M(x mm)Nm

Figure 19: Sum of the moment vectors for gear 1 Figure 20: Sum of the moment vectors for gear 2
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y y
/ -‘\\
,// “\
/ \\
~ d \\
-
A L
\\

N / N\
: N

o N

i x

M(Xmm)Nm M(xmm)Nm
Figure 21: Sum of the moment vectors for gear 3 Figure 22: Sum of the moment vectors for gear 4

Forces on Shaft from the gear:

Max moment will occur at the gear Max torque is from the engine input

M =M [LgEHJz 46.0292 Nm r =T, =81.4435Nm
M. =-M =—46.0292Nm T . :=0Nm
min max min
Alternating and Mean Moment Alternating and Mean Torque
Mmax - Mmin Tmax - Tmin
M = =46.0292Nm T t=—————=40.7217Nm
a 2 a 2
Mmax + Mmin Tmax + Tmin
M i=—————=0Nm T i=———— =40.7217 Nm
2 m 2

[El—Endurance Strength and Stress Concentration Factors

Uncorrected Endurance Strength:
if S, <1463 MPa
ut
S',+=0.504-5,
else

5"e :=737 MPa

S'e =486.36 MPa

h kpsi
Surface Condition Factor SurlaceTinish 2 11:. a "pg'
Since it is assumed to be machined Ground 1.58 [ -0.085 | 1.34 | -0.085
(standard unless otherwise indicated)
—0.265 Machined or Cold drawn 4.511-0.265[2.7 | -0.265
Sue Hot-rolled 57.7|-0.718 | 14.4 [ -0.718
ka i=4,5] - Pa =0.7299 As-forged 272 [-0.995139.9 [ -0.995

i : Surface finish val 4
Size Correction Factor Figure 23: Surface finish values [4]

|0.8794 1"
| 091277
12447

€ 551 7 niaos 5l<d <£254mm

Calculated in while loop calculating minimum diameter ky =

Figure 24: Size Correction Factor [4]

Load Correction Factor
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IKAG Output Shaft Analysis |

Since bending is considered dominant (1

k =1

c

Temperature Correction Factor

-3
kd=:0.975+0.32-[10 ]-T

oper
kd =1.0005

Reliability Factor
Since reliability is assumed to be 90%

k_ :=0.897
e

Miscellaneous Correction Factor
kf =1

Endurance Strength:

Moment of Inertia

4
w4, ] 5 4
I,:=———==1.6782-10 mm
64
4
m: d2 ] 5
I,:=———2=1.2566-10" mm
64

k., ={085

Bending
Axial

|0.59  Pure torsion

Figure 25: Load Correction Factor [4]

-5
70.115~[10

2 -3
+o.1o4»[1o ]-T

).z
oper oper

*Base reliability 50%

Ke

Reliability

) 368

0814

Figure 26: Reliability Factor [4]

Polar Moment of Inertia

Nominal Alternating Bending Stress:

=2.6085 MPa

2D Alternating Stress State (Von Mises):

2 2
c'anom::'JUanom +3'Tanom =7.4288 MPa

'
= a
maxnom anom mnom

Finding K Values

=11.9469 MPa

Find k values from "Shaft with shoulder" charts

5 4
Jl ::2-I12343564-10 mm

_ - 5 4
J,=2-I,=2.5133-10 mm

Nominal Mean Bending Stress:

=2.6085 MPa

2D Mean Stress State (Von Mises):

3
70.595-[10

2 2
O nom ’:-Jamnom +3-7r,, ° =4.5181 MPa

—12]_

oper

40
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|[KAG Output Shaft Analysis |

dl
r
— =1.075 — =0.075
d2 d2
Ktstep =1.60 Ktsstep =1.24
qstep =0.77 qsstep :==0.81
K values from keyway
Ktke_y =2.2 Ktskey =
qkey :=0.78
Assuming the SCF for the keyway is greater:
Kt = Ktkey =2.2 Kts = Ktskey =3
4=9 —
e qs = qkey
Kei=lta-(K —1)=1.936 Kfs::l+qs'[Kts—l]=2.56
Kfm =if Kf'|o’maxnom <Sy Kfms =1if Kf '|U'maxnom|<sy
Kf Kfs
else else
if Kf‘|a’ s if K -|cr' >S
maxnom b bl maxnom
Sy - Kf g 'anom Sy - Kfs o 'anom
'mnom ,mnom
else else
0 0
K,,=1.936 Keps =2.56

[E—cCalculate Minimum Diameter

countlIt:=0

d . :=0mm

min

d:=43 mm Initial Guess
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I[KAG Output Shaft Analysis |

while |dmin - d|> 0.00001 mm

|d::dmin
ky=if (d>2.79 mm) A(d <51 mm)
—0.107
d
1.24'[——]
mm

else
if (51 mm<d)A(d <254 mm)

—0.157

1.51'[——
mm

else
if d>254 mm

0.6
else

k,ok_ ck_-S'
I e

I

3

2 2

4-(Kf-Ma] +3-[Kfs +4-[Kf-Mm] +3-[Kfs-Tm]
2

s

2
¥

2
'Ta]

d , =
min o

S

e

countlt:=countlt +1

countlIt =6

d . =16.742 mm
min

d check:=if d_, <d
— min 1
"Diameter of 42 mm is large enough"

else
"Diameter is too small"

[El—Verify using Evaluation Criteria

|Slope and Deflection Calculations: |

RZ
=5 (x, L, 2)|+Cy,

In y-direction

R
'471 1y r
o, (x)=%" 2-12'S(x'0'2)+2 -S(X,LQEEI,Z]-Q-Z'I
=l | S L .s(x,L " sk, n c c
y(x)._E‘I 6'12‘ (X,O,3)+6'II‘ [x, gear,3]+6'12~ (x,L,3)|+ ly‘x+ 2y
Solving for constants:
Y(0mm)=0mm y (L)=0mm
C2y1:0
-1 RIY.SL03+WI~SLL 3+R2yASLL3+C
E 6'12 ( ’ ’ ) 6’11 ( r gear ! ] 6. B ( ’ ’ ) 2y
C, = 7 =0.0001



|[KAG Output Shaft Analysis |

PP O Wy Ray
(x)=5 2{2.5(;@0,2)-9—2{I ~S[X,Lgear,2]+2‘I2:S(X,L,2) +c,
_1 Rly Wr R2y
v (%) =z T -S(x,0,3)+ 5T, -S[x, Lpars 3]+ 5T, S(x, L, 3)[+C, - x+Cy
In z-direction:
R 7 R
1 1z t 2z
ey(x)’_E.I' ﬁ.s(x' 0/ 2]+2'Iz 'S[X’ Lgear' 2]+2 2 Sx1,2) + <z
1 Rlz Wt
Z(x)'iﬁ 6»12 ‘S(x' 0, 3)+6'II ‘S[X’ Lgear’ 3]+ 6.]_'2 .S(X’ L, 3] +Clz‘x+c2z
Solving for constants:
z (0 mm)=0 mm z(L)=0mm
CZZ =0
R W R
1 1z t 2z
[—_]-[6'12 -5(L, o0, 3)+6 T, -S[L,Lgear, 3]+6‘IZ <8 (L, L, 3)|+C,,
C’IZ = I =0.0004
o _1 Rlz Wt RZZ
y(X) -z E'S(x' 0, 2)+2, ) 'S(X’Lgear' 2]+2‘12'S(Xf L, 2){+C,,
1 Rlz Wt RZZ
Z(XJ'*E‘ 61, S (x,0,3)+ 61, ‘S{X’ Lyear 1 3J+ 6-1, S (%, L, 3)[+Cp,x+Cy,
Total Angular Deflection
2 2
o (x)=(2, (x)) +[2. ()
¥
i ey /,/’/
—
= ;
,\\\ //
\\\\ //
: 5
6 (x mm) rad

6 (x mm) rad
Figure 27: Total angular deflection for gear 1 Figure 28: Total angular deflection for gear 2
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0. 1¥03662109375

6 (X mm) rad

Figure 29: Total angular deflection for gear 3

Total Deflection

y
1$52734375E-
939453125E-05
1 5625E-
4.5717636071875 5
3.0%1757825E~
87890625E-05

0 (x mm) rad

Figure 30: Total angular deflection for gear 4

S (x mm) m

Figure 31: Total deflection for gear 1

S (X mm)m

Figure 32: Total deflection for gear 2

<~

J

o
|

& (X mm)m
Figure 33: Total deflection for gear 3

Compare to evaluation criteria:
Deflection at the gear:
g deflection:=95 [Lgear] =0.0222 mm

6 (X mm) m
Figure 34: Total deflection for gear 4
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deflec verify:=if (g deflection>127 mm)
"There is too much deflection at the gear "
else
"Deflection at the gears was determined to be acceptable"

Angular Deflection at the gear:

g angdeflec := 6 [Lgeﬂr ] =0.0004 rad

g angdeflec verify:=if (g _angdeflec >0.0005 rad)
"There is too much angular deflection at the gear"
else
"Angular deflection at the gears was determined to be acceptable”

Angular Deflection at the bearings:
bearl angdeflec:=6 (0 mm)=0.0004 rad

bear2 angdeflec:=6(L)=0.0006 rad

bear angdeflec verify:=if (bearliangdeflec:>0.004 rad)
"There was determined to be too much angular deflection at bearing 1"
else
if (bear2 angdeflec >0.004 rad)
"There was determined to be too much angular deflection at bearing 2"
else
"Angular deflection at the bearings was determined to be acceptable”

Angle of Twist:
T
= deg
¢ = 7,G =0.17378¢6l o

angletwist verify:=if [¢I>3 deg
m

"The angle of twist was determined to be too large"
else
"The angle of twist was determined to be acceptable"

deflec verify ="Deflection at the gears was determined to be acceptable"
bear angdeflec verify ="Angular deflection at the bearings was determined to be acceptable"
g angdeflec verify ="Angular deflection at the gears was determined to be acceptable™

angletwist verify ="The angle of twist was determined to be acceptable"
d check ="Diameter of 42 mm is large enough"
Alternating Bending Stress: Mean Bending Stress:
9 d
K7 Kt 7
9, =217=ll.4165MPa Um=217=OMPa
1 i
Alternating Torsional Stress: Mean Torsional Stress:
9, d;
Kfs.Ta'_ Kfs'Tm'_
T, ::J—1:6.6778MPa Im=:J—1:6.6778MPa
2D Alternating Stress State (Von Mises): 2D Mean Stress State (Von Mises):
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‘ 2 2
o'a:: a, +3"Ea =16.2516 MPa

Calculated Safety Factors:

|[KAG Output Shaft Analysis |

‘ 2 2
o'm:: o, +3-1,. =11.5662 MPa

_ 1 _
fpt= =16.9429 Fatigue Safety Factor
o' c'
a + m
S S
e v
1
n i=— — =21.0297 ,
¥ o', o' Yield Safety Factor
s T
v y

E—sSummarizing Minimum Diameters and verifying if Evaluation Criteria was met

|Summary of values found |
Gear Minimum Diameter

(mm) (mm) (rad) (rad)
1 16.742 0.0222 0.0004 0.0006
2 18.4034 0.0502 0.0001 0.0005
-5
3 17.5394 0.0370 4.7444-10 0.0003
-5
4 15.6347 0.0061 9.4047-10 0.0001
Safety Factors
Gear Fatigue Safety Factor Yield Safety Factor
1 16.9429 21.0297
2 12.756 17.4565
3 14.7354 19.2158
4 20.8035 23.9123

[Summary of whether or not evaluation criteria was met|

Gear Minimum Diameter

1 Acceptable
2 Acceptable
3 Acceptable
4 Acceptable

Acceptable Acceptable Acceptable
Acceptable Acceptable Acceptable
Acceptable Acceptable Acceptable
Acceptable Acceptable Acceptable

Deflection at gear Ang. Deflec. at gear Max Ang. Deflec. at bearing Angle of Twist

(deg/m)
0.1737861

0.1737861
0.1737861

0.1737861

Deflection at gear Ang. Deflec. at gear Max Ang. Deflec. at bearing Angle of Twist

Acceptable
Acceptable
Acceptable

Acceptable
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Keyway Analysis

Keyway Analysis

Inputs From Engine

Maximum Power
p - =24 .4 kW @

en en

Primary Reduction Gear 1 Reduction

r,=2.272 r =2
Torque Calculation

Torque before reduction

7 :=—""9 =35 gaeeN
0 W - : m Tin = TO
eng

Stainless Steel Shaft Diameter

ty:=74.5 MPa dshaf: :=0.042 m
Force on input shaft
T,
F,. == =1939.130 N F ot
shaft
Stress experienced by key on input shaft
F,
-— 1 f—
in =3 =2.120658 MPa tout

key check:=if t, >ty

Torque on input shaft

-ro=81.4435Nm T =T,

i 6500 reom=680.6784 Hz

Max torqgue on output shaft

out in

Key Dimensions
1:=76.2 mm

wi=12 mm

2
A:=1-w=20914.4000 mm

Force on output shaft

out

= =3878.2597 N

dshaft

Stress experienced by key on output shaft

out

= 2 =4.2413 MPa

"Key on the input shaft will fail"

else
if tout >ty
"Key on the output shaft will
else

"Keys will NOT fail"

key check ="Keys will NOT fail"

Faa 1t

+r, =162.8869Nm
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APPENDIX F: GEAR ANALYSIS

Final straight speed calcs

g:=0.85 x:=1

m:==200+40+ 18 =256

)
E‘d==183-[1.225-0.5-0.6-[26] ]=45462.59

=13.4118

_[2-(30332-g-0.3)
V.'I". = -

b:=7.44296969988

b

2-|30223-g-x

‘_Iﬂﬂl [ 4 ] dx =183.0018
m

0.9

E SDZZS-q-b]—ﬁd=145?43.8523

ot = (
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First and Final Gear ratio calcs

Known values

130 80 17 tires --> radius of 0.32m

o, := 6000 rpm
maxpower
r:=0.32m
m Giniriar 52272
Viax = 33.6 -
mmaxpower rad
wengine = <. =276.5486 —
Vmin =8.95 g initial S
Calculate final gear ratio
v
__max rad
O heelmax ‘= P 105 _S
W
— engine
Gfinalratio = mi =2.6338
wheelmax
Calculate initial gear ratio
v
_ min _ rad
Ovheeimin '= T =27.9688 _s
@ .
engine
Ginitialratio =—=29.8878

wheelmin



'_;10.1011 G 1—;:()‘379

G, = =
1 9.8878 4 2.6388
Determine a common multiplier for each gear to Use the geometric mean as final ratio before
maximize amount of time spent at high rpoms wheels to minimize large gear ratios
c b:=_[G -G, =0.1958
4 1774
a=3/—~- =1.5532
G,
G, =0.1011
GZ ::Gl ra=0.1571
GE ::GZ ca=0.244
G4 G3 ra=0.379
determine the ideal adjusted gear ratios approximate adjusted gear ratios and mean
G 1
Fl=0.5166 €273
G 4
2 = —
—= =0.8024 Coa =3 ci= L
b 5
% _1.2063 Gyyi=7
p— a
b 4
6'4 .7
- =1.9357 Cpa =2
check error in calculated
top speed for each gear
6000 rpm
final speed function: v (G)i= ———rE0 0,32 m- G
2.272
V(G cl-v (G
1 1
£ = [ J ( ] =-0.0112

Y

)
v G, -c V(G

€43 = [ Jav(lj] [ ]—0.0247
V(G c V(G

£y 1= [ 451/[2;4] [ ]=0 0555

the maximum error in top speed of any gear was determined to be
5.6% which was determined to be within the acceptable range
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1. Engine Inputs
P:=24.4 kW

© = 6500 rpm= 680.6784 —2=
S

2. Gear Parameters
Pressure Angle:

¢ :=20 deg

Face Width
F,,+=76.2mm

Fiz :=76.2 mm
F,5+=76.2mm

Fi4 :=76.2 mm

Selected Gear Ratios

r :=2.272

p

£ =l g s

L= =
Ny,

— 02_

r, = =0.8

iz

3. AGNA Correction Factors and Calculations

Torque

in

Tangential Forces

T,
in
W =0 = .
Ly =2 7 458.0622 N
T,
in
W _ =2 = .
=2 7. 549.6585 N
T,
in
W i=2- =687.
=2 7 687.1184 N
W, =2 Vin =916.1243 N
t4 " diz}_ .

P
I, i=—-r =81.4435Nm
@ P

d

=76.

=76,

i=76.

=76.

2 mm

2 mm

2 mm

2 mm

Quality of Gears:
0,:=9

Number of Gear Teeth

Ny, =4z Ny =21
N,,:=35 N_, =28
N;5i=28 N5 =35
N, =21 N_, =42

Gear Pitch Circle Diameters

d.. :=355.6mm
i1
d,,:=296.342 mm
i2
d.,:=237.058 mm
i3

d,,=177.8 mm
id4

Radial Forces

d _:=177.8 mm
ol

d ,:=237.058 mm
o2

d _:=296.342 mm
o3

d ,:=355.6 mm
o4

W, +=W_ -tan(¢)=166.721 N
L, =MW _,-tan(¢)=200.0593 N
;=W _,-tan(¢)=250.0906 N
=W ,-tan(¢)=333.442 N

Module
d
ml :N
d
mZ :N
d
mj :N
d
m4 :N

L4667 mm

. 4669 mm

. 4664 mm

. 4667 mm
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AGMA Assumptions

- No Interference

- Teeth are not pointed

- There is a non-zero backlash

- Fillets are standard, assumed smooth, and produced during the generation process

- Friction Forces are negligible

KAG Assumptions
- 4 stroke single cylinder engine under moderate shock
- Solid disk gears
- 90% reliability

- Operating temperature of 195 F

- Transmission designed for 10
- Gears made from SCM415 Steel - surface hardness 55 — 64 HRC

Application Factor

K ,,=1.75
Ka i2 =1.75
K, ,3=1.75
K, ,,=1.75

Load Distribution Factor

K

m7

;7=1.6
,i=1.6
13 =1.8
=16

Dynamic Factor

B:=
4
A:=50+56-(1-

vl

K,

Kv_? :

v4

50+

50 +

50 +

50 +

[127(2‘,]3

Ka ol =1.75 Ca_l] = Ka_ll =1
Ka [e¥) =1.75 Ca71‘2 = K5712 =1.
Ka o3 =1.75 Ca71‘3 = K571‘3 =1.
Ka o4 =1.75 Ca_ié! ::Ka_ié‘( =1.
Km701 =1.6 Cm il ::Km 1121
Km_02:1'6 m12::m12=1
Km703:1'6 mij::m13:1
Kmﬁoé’ =1.6 Cm i4 ::Km 1421
d
= il @
L m—— =53.2679 =
2 Iy s
=0.52
B)=176.8788 d, L o
v = — =144.3912 —
2 s s
50 C_.=K _ =0.3263
=0.3263 vl vi
200— Ve
C =K _=0.
50 0 3467 =K, =0.3467
200— Ve,
50 C ==K .,=0.3724
=0.3724 v3 v3
200— Vs
50 C =K =0.4066
=0.4066 v4 v
200— Ve,

cycles

.75

75

75

75

::Ka o1 =1.75
::Ka 0221.75
::K5703=1'75
::Ka D4=1.75
=K . =1.6
=K c>2=1'6
=K, o3=1.6
=K _,=1.6

w
+— =235.5106
r

P

w
+— =26.6339
r

P
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Size Factor

Idler Factor

K

Ksiil =1 Ks ol =1 i1 7K5 11 =1 Cs
Ks i2 =1 Ks o2 =1 i2 7K5 i2 =1 Cs
Ks i3 =1 Ks o3 =1 i3 7Ks i3 =1 Cs
K5714 =1 Ksioéf =1 i4 :K57i4 =1 C'57
Geometry Factor, J Rim Thickness Factor
Jil :=0.26 Jol 1=0.24 KB_iljzl KB ol =1
J,,=0.26 J_,:=0.25 KBJZ::1 K, =1
J13:20_25 JOB::O'26 KB713121 KB 03 =1
J14::0_24 JD4::0_26 KB71‘4::1 KE od =1
Geometry Factor, |
T sin[¢)-cos(¢)] o1 — 00536 T,y =1;;,=0.0536
PR =0.

! 2 N, +4,;
I = Sin(¢)-cos(¢)] NoZ o 074 IDZ::112=O'0714
= . =0.

* 2 N, +N,,
P sin[¢)~cos(¢)] N5 00893 I,;=1;,=0.0893
3= . - .

! 2 Ny +0,,
T o Sin(¢)-cos(¢)] NO4 01001 ID4=:Ii4=O.1O71
g =0.

* 2 N, +Ny,

Elastic Coefficient(Steel)

- 0.5 _ 0
C, ;; =191 MPa C, oy =191 MPa
-~ 0.5 _ 0
C, ;=191 MPa C, o7 =191 MPa
o 0.5 I 0
, i3'=191 MPa ' 03 =191 MPa
- 0.5 _ 0
C, 14=191 MPa Cp oy =191 MPa

Surface Finish Factor
C =1 C

£ i1
Cripi=1 Cr oz
Crs3:=1 £ 03
Crigi=1 Crogt

£o1’

1::1

AGMA Uncorrected Bending Strength & Wear Strength [SCM415 - Surface Hardness(55-64 HRC)]

S'fbiil =520 MPa S’fb701 := 520 MPa
S’fb712 =520 MPa S’fb702 := 520 MPa
S,fb,ﬂ :=520 MPa 5”1513703 :=520 MPa
S’fb_M := 520 MPa S’fb_M := 520 MPa

Temperature Factor Reliability Factor

K_:=0.85
T,.:=195 R
C :=K_=0.85
460+ T, ROR
K= ————=1.0565
620

CT::KT =1.0565

S'n ;7 7=1300 MPa
S'fC,i2 :=1300 MPa
S'f0713 :=1300 MPa
S' e 14 7=1300 MPa

Hardness Factor

CH =1

r
S fec ol

r
s fc o2

'
S fc_ o3

'
s fc o4

:=1300 MPa

:= 1300 MPa

:=1300 MPa

:=1300 MPa
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Input Shaft Rotation Calculations

(=w-0.8=5200 rpm

motor
[
i
Shaft Cycles
Nl’
§op =05 T, =71902.6488
Nl’
§gpi=0; - — T, =71902.6488
N, N,
£ im0, — T .2 =5.7522-10
G3 i .
1 4 r NDS
N, N,
r i4 _
€y _wi-T.Tr-N =3.5951-10
od
Life Factor §<10A7 & HB = 550
_ -0.056 _
€, =2.466- &, =1.3183
_ -0.056 _
C,,=2.465-¢, =1.3183
. -0.056 _
L3-72.466-EG3 =1.3349
_ -0.056 _
€, =2.466- &, =1.3705
Bending Stresses
- _ £1 X m 1l
b i1 . ’ i1
— Fyrmy-dy;, 20 LS.
- _ W, % m 12
b i2 T . ’ 12
— Fiprmy dy, 27 L
- _ s % m 13
b i3 . ’ i3
. Figrmy-dyy 27 L
- - td % m 14
b id T . ’ 14
. Figrmy-Jyy, 27 L
o _ th K m_ol
b ol T . ’ 1
° Foprmypdy,, =0 K,
o - Wt.? e m o2
b o2 . ’ 2"
° Foormy-d,, &2 K,
o - Wtj e m o3
b o3 . ’ 3"
° Fogrmy-d,y 227 K5
o - t4 e m_ o4
b ood . ’ 4
° Fogrmy-dy, =7 K,

_ Omctor

P

i

L2

L3

L4

=2288.7324 rpm

T =10 min
r

-0.148
=0.4518- £, =1.806
-0.148
:=0.4518- ¢, =1.806
-0.148
=0.4518- ¢, =1.8666
-0.148
=0.4518- € =2.0011
"K; ,; =23.4302 MPa
‘K, ,,=26.4647 MPa
‘K, ,;=32.0347 MPa
"K; ,,=40.7489 MPa
‘K, ,, =25.3827 MPa
‘K, ,,=27.5232 MPa
"K; ,;=30.8026 MPa
"K; ., =37.6143 MPa
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Contact Stresses

17 C
_ tl m_ 11 _
O, i; _Cpill. T g -Caill- c -Csiil‘cfiil =314.2971 MPa
il il il vl
_ WtZ CmﬁiZ _
Op 12=Cy s 555 "Caiz —o—Cs 12 Cs s, =316.8886 MPa
i2 iz i2 vZ2
_ Wtj CmfiS _
9% 137 i3 T T g Cais o % i3 Cr gz =341.8747 MPa
i3 i3 i3 v3
_ Wt4 Cm_i4 _
Gc i4 _Cp7i4 ’ F. «I. «d. -ca7.14 ’ C 'Cs i4 Cf i4 =398.2254 MPa
i4 id4 i4 vd
_ th Cmfol _
O 01 =Cp o1 T Ca o1 C, ., Cs ., =444.4832MPa
- ol ol ol - vl -
_ WtZ CmﬁoZ _
O 02°=Cy op ' T3 "Ca oz o "Cs_ 02" Cs op =354.3039 MPa
- o2 o2 o2 - vz - -
_ WtJ CmiaS’ _
oc o3 _Cp 03’ F . .d lca o3’ C ‘CS oJ‘cf o3 =305.772 MPa
- o3 o3 o3 - v3 - -
—c Wt4 a Cm_o4 c c _
05704 T vp ood’ T _.d_ aod’ s 0a "VF 04 T 281.5878 MPa
o4 o4 o4 vd
Bending Strengths
S -— KL1 SV —_— 5 -—_ KL1 SF —_—
fb il '7m . fb i1 T 1045.8059 MPa b ol 7K—KR b o1 =1045.8059 MPa
S o— KL2 SV — S — KLZ SF —
fb i2 7W fb7i2_1045'8059 MPa fb o2 7W fb702_1045'8059 MPa
T R T R
S -— KLS SV —_ S -—_ L3 SF —_
fb i3 7W fb7i3—108o.9205 MPa fb o3 7W fb703_1080‘9205 MPa
T R T R
S o— KL4 SV —_— S -— KL4 SF —_—
b 4 7” fb_i4_1158‘7868 MPa b o4 7W fb_g4—ll58.7868 MPa
T R T R
Surface Strengths
s ‘7CLI'CH g _ s '7CL1'CH 5t _
fc i1 7ﬁ fcﬁil_l908'4913 MPa fc ol 7W fcia1_1908'4913 MPa
T R T R
5 o CLZ CH EL _ s i CLZ CH 5t _
fo 2= 5o S se 12 =1908.4913 MPa fo 02 =5 oS rc 02 =1908.4913 MPa
T R T R
s ‘7CL3‘CH 5t _ s '7CL3‘CH 5t _
e 13" = g S'se 43 =1932.4895 MPa e 03 "= o 5" 20 03 =1932.4895 MPa
T R T R
s o CryCy g . s _ Cra Gy 5t .
re 11T o5 e g = 1984.0283 iPa fo 011 = G g, 5o os =1984.0283 kg



Bending Safety Factors

S

£b il

Op i1
s

£ i2

% iz
s

fb i3

% i3
S

fb i4

9 14

=44.6349

=39.5171

=33.7422

=28.4373

Wear Safety Factors

S

fc i1

2
= 36.
2
=36.
2
=31
2
=24.

8722

2716

L9522

8221

fb ol

O‘bﬁ ol

£b o2

% oz

fb 03

O'b7 o3

fb o4

=41.2015

=37.9972

=35.0919

=30.8071

=18.

=29.

=49.

4361

0154

.9428

6441
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APPENDIX G: BEARING ANALYSIS

KAG Bearing Analysis

Maximum force in y-direction Maximum force in z-direction:
(Based on maximum reaction forces  (Based on maximum reaction forces
in shaft analysis): in shaft analysis): Lifetime:
Ry::278.0122N R, :=763.8321N S$:=10 hr
Reliability factor: Constant due to ball bearings: Resultant radial force:
K, =1 cycle a:=3 pi=fR °+R * =812.8532
r = v z - .
Input Bearing: Output Bearing:
Speed: Speed:
L cycle - cycle
Woutput :=13000 T Winput =6500 m
Fatigue Life: Fatigue Life:
— _ 6 _ -~ 6
imput '_S'Winput =3.9:10 cycle Loutput ._S-Woutput_7,e-1o cycle
Critical Force 1 Critical force: 1
a a
c —p Linput o c —p Loutpuc _
Tippue = F | ———|  =1279.4804 N Fouepue = F || T1612.0443 N
10 K 10 K

r r



APPENDIX H: DRAWING PACKAGE

MecE 360 F2021

Group 12

Nathan Correia
Arrey Parish
Katherine Lam-Tran
loel Manz

CQuinton Nguy

Xin Wei Zhi

The University of Alberta

Title

KAG Drawing Tree

Input Shaft + Dog Output Shaft

Page |[1of 1

Clutch DRW: Xin Zhi
DRW: Nathan

Correia

semblies

Sub-assemblies

Modified STD
Parts

5TD Parts

Output Shaft
5M: Joel Manz
Input Shaft In Gear 1: F342 DRW: Xin Zhi
5M: Joel Manz From: RushGears Out Gear 1: F321
DRW: Xin Zhi DRW- loel Manz From: RushGears

Shifter Shaft In Gear 2: F335
5M: Nathan From: RushGears Out Gear 2: F328
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SM_ Nat.han From: RushGears Out Gear 3: F335
Correia DRW: loel Manz From: RushGears

In Ge_ar 4: F321 Out Gear 4: F342
From: RushGears From: RushGears
DRW: Joel Manz

From: NSK

Figure 77: KAG Drawing Tree
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