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Executive Summary

Earlier this fall of 2013, engineers were able to hone their design skills by completing a
design verification on a car jack. Now for the closure of this fall 2013, engineers were presented
with another task. Along with the help of Dr. Le, engineers were required to use their mechanics
of materials skills and statics knowledge in order to design a single-stage gear box that meets the
design specifications. The design specifications were a delivered power of 20 hp, gear ratio of
7.2, 1% variation, input speed of 1800 rpm, pressure angle of the gear of 20 degrees, design life
of 4,000 hours, factor of safety of 3.25 for the static design, factor of safety of 1.25 for the
fatigue design, and reliability index of 0.90. By meeting the design specifications one would
have the opportunity of reproducing one’s gear box.

Using Excel, the engineers were able to do a gear analysis in order to come up with two
gears that transfer power from one gear to another. Moreover, one did a shaft design by
performing static and fatigue analysis through Excel in order to work with the bearing and key
design. In addition, a mechanical key design was performed in order to transfer the power from
the gears to the shaft or vice versa. Furthermore, a bearing analysis was performed in order to
support the shaft and provide less friction when the shaft rotated. Finally, a housing design was
created in order to hold all the parts.

After the analysis was made, the gears, shafts, bearings, mechanical key, and housing
were created through SolidWorks in order to get a visual understanding how the gear box was
put together. In addition, free body diagrams were developed in order to demonstrate the
knowledge of structural analysis. The forces on each component were identified so that the
maximum load was able to be determined. This helps identify if anything goes wrong, the

location in which it failed.



Finally, a Finite Element Analysis was performed on the shaft in order to verify where in
the parts the stress was most concentrated. While this seemed to be a simple design, the
following sections show detailed descriptions on what was performed in order to ensure that the

gear box could be put into the production line

Table of Contents

3L INETOUUCTION ...ttt ettt bbbt ben e
4. DESIGN SPECITICALIONS. .....veiiiieeeieeet ettt bbbttt sb b
5. DeSIGN AN ANAIYSIS .....veiiiiiieii bbb
5.1, GRAI DESIGN ettt ettt ettt e et e s be e e b e e ta et e s ba et e s beera e beebe et e e beeaaesteebeenbesteeaeebesreenes
5.2 SNAt ANGIYSIS ...ttt ettt e st e e b e s te b e beeaa et e e ra e besteera e beereentenreennas 16
5.3 MEChaNICal KEY DESIGN .....eeuiiiieiieiiitestest ettt st sttt ebesbe b e 25
Add YOUT PAt NEIE PAIITCIA. ...veveeeueeiieiieierteet ettt sttt ettt ene b neenes 25
5.4 BEAING DESIGN.....ctieeieitieteeticte ettt ste st et e s e e e et s e et e s be e s e stessaenbesteesseabeeasestesrsensesteesaensesrsentesrennnas 25
5.4 HOUSING DEBSIGN....eticteitieteeticte ettt ettt st e e e et e s e et e s be e e e stessaenbesteessesbeessessesseensesteessensesssensensennnas 27
7. Findings, Discussion and CONCIUSIONS ..........cccueiioiiiieie et 42

8RBT OIENCES ... 42



3. Introduction

A gear box is one of the most important designs that a Mechanical Engineer must learn
upon graduation. The purpose of a gear box is to transfer energy from one device to another in
order to increase torque while reducing speed. Mechanical Engineers must learn this because a
gearbox contains several components that on a daily basis most Mechanical Engineers will have
to deal with. For example, one of the components Mechanical Engineers deal with is determining
the types of gears that transfer the power from one gear to another. This is important to know in
order to come up with a design that could sustain the power delivered. After designing the gears
Mechanical Engineers are then presented with the problem of modifying the gears based on the
size of shaft. This means that given the dimensions of the gear and shaft one has to compromise
by making either the shaft or the gears smaller than they were initially intended to be.
Afterwards, a bearing analysis was created in order to prevent any type of friction from occurring
when the shaft rotates. This is important to know in order to make the gear box long lasting and
efficient. This now give rise to developing a mechanical key that would help transfer the power
from the gears to the shaft or vice versa. This is important to know so that Mechanical Engineers
are able to understand that if any goes wrong one would be able to identify where the problem is
located. Not only are these concepts important to understand, but it is also important to
understand what are design specifications. The following are the design specifications that were

followed in order to create the design.



4. Design Specifications

e Delivered power of 20 hp with driven device that is treated as “light-shock” loadings

Input speed of 1800 rpm

e Gear Ratio of 7.2 with 1% variation

e Pressure Angle of 20°

e Design Life of 4,000 hours

e Factor of safety of 3.25 for the static design of the shaft
e Factor of safety of 1.25 for the fatigue design of the shaft

e Reliability index of 0.9

These design specifications were the guidelines that indicated if the design was being designed
as specified. The design specifications affected how the gears, shafts, mechanical key, bearings,
and housing designs were created. The following sections have detail descriptions of the

different parts that create a gearbox.

5. Design and Analysis

5.1. Gear Design

The first component in creating a gear box are the gears. Gears are rotating objects that
transfer energy from one place to another. In order to create a gear one must analyze the way it
look so that it close to the gearbox layout. The figure (Appendix: Major Project Worksheet
Instructions) shows that there are two gears present. One is the pinion which is a small size gear
that is next to a large gear. The gears would transfer power from one gear to another. The

following is a spreadsheet created through Excel in order to determine the shape of the gears:



A B C D E F G H J K L
1 Light-Shock Loadings, Uniform Table From Lecture 13 Slide 59
2 |Delivered Power hp Designed Power Py, “ hp Base Circle Diameter Dy 1.996847 Np
3 ]Input Speed Mgyt fpinion rpm Diametrial Pitch P4 tooth/in |Ma>(imum Output Speed Ny, 252.5253|rpm NG
4 |Gear Ratio Tooth Thickness t 0.19635 |in Minimum Output Speed Ny, 247.5248 | rpm Actual VR
5 |Overload Factor K, Face Width F 1.5 in Nominal Output Speed Ny, 250({rpm ng
6 [Variation % Minimum teeth # for Pinion N gears Required Reduction Ration ey, 7.272
7 |Variation 0.01 Maximum teeth # for Gear N gears Required Reduction Ration e,,., 7.128
8 |Variation*Gear Ratio 0.072 Verifying Gear Ratio 7.176471 Required Reduction Ration ey, 1.2
9 |Gear Ratio Min 7.128 Addendum a 0.125 |in One Stage emax=Gear Ratio -
10 |Gear Ratio Max 7.272 Dedendum b 0.15625 |in Two Stages emax=Gear Ratio 51.84 -
11 |Pressure Angle & ° Clearancec 0.03125 |in Equal Reduction Ration R1=R2 2.683282
12 |Pressure Angle & Pitch Diameter D for pinion 2,135 lin
13 |Recommended AGMA Quality # Pitch Diameter D for gear 15.25 |in
14 |Life of Gears and Bearings hours Outside Diamter Dy 2375 |in
15 |Shaft (Static Design) Factor of Safety Root Diameter D, 1.8135 |in
16 |Shaft (Fatigue Design) Factor of Safety Working Depth h, 0.25 |in
17 |Index Reliablity (Gear,Shaft,Bearing) Whole Depth h, 0.28125 |in
18 |Hub Length for Input Shaft =15 |in Center Distance C 8.6875 |in
19 |Hub Length for Output Shaft - in
20 |Gaps between gears and station part >0.5 |in
21 |Hub Diameter in 1
22 |Hub Length in
23
24
25
26
27
» Gear Analysis | Gear Material Input Shaft Analysis Output Shaft Analysis | Input Bearing Analysis | Output Bearing ... (¥ : [4] ]

[r]

Figure 1.0: Gear Analysis



The first parameter in determining the size of the gear is the designated power (Ppes). The

following equation was used in order to solve for Pges:

P

des — KOP
Where Ko is the designed factor and P is the power delivered. This would help determine
the diametrical pitch using Table From Lecture 16 Slide 26. Based on the calculations

obtained, it was concluded that the diametrical pitch P4 was 8 tooth/inch for each gear.

Another parameter that was used was the tooth thickness t and that was calculated by

using the following formula:

Furthermore, the face width, which is the width of the tooth, was calculated using the

following equation:

12

F ==
Pq

This was then followed by verifying the gear ratio so that one could determine the
number of teeth for each gear. Based on the minimum gear ratio of 7.128, it was concluded that
the pinion gear had to have 17 teeth (Np). Whereas, the larger gear had maximum gear ratio of
7.272 which means the larger gear had about 122 teeth (Ng). Based on the number of teeth the

following equations were used in order to determine the pitch diameter of each gear:

Np
Dpinion = P_d



Neg

Dgear = P,

By determining the dimensions of the gears the next question that arises is what the
material the gears are made out of? The next part of the gear analysis analyzes the AGMA
Bending Stress, Allowable Bending Stress, AGMA Contact Stress, Allowable Contact Stress,

and Hardness so that the material is determined.
Mike add your excel spread sheet here.
AGMA Bending Stress:

In order to choose the material the gears were made out of, the AGMA bending stress and
the AGMA contact stress first had to be calculated. The required hardness was then calculated
according to the required bending and contact stress in order to determine the proper material
with the proper heat treatment to satisfy the required hardness. The AGMA bending stress was

calculated using the equation:

P Kpm*K
d , Ku*Kp

O-=Wt*KO*KV*KS*? 7

Where W, is the tangential force, K, is the overload factor, Ky, is the dynamic factor, K is the
size factor, P, is the diametral pitch, F is the face width of the gear, K, is the load distribution
factor, Kj is the rim thickness factor and J is the geometry factor for bending stress for both the

pinion and the gear.

The first part of the equation is the tangential force on the gear, W,. This was calculated
by dividing the power supplied to the gears, P by the pitch-line velocity, V, with the pitch-line

velocity being equal to pi multiplied by the pitch diameter and by the input pinion speed.



Vi = (* Dy *ny)/12

W, = 33000 P
= * —

With 12 and 33000 being conversion factors from inches to feet and horsepower to feet per

minute respectively.

K, is the overload factor which is the probability that application-specific conditions such
as vibrations or shocks would cause peak loads to be greater than the tangential force, W; being
applied to the teeth on the gears. They are determined by the power source and for this gearbox,

the overload factor was given as 1.5.

Ky is the dynamic factor which is based upon the fact that the actual load is high than the
transmitted load alone and determined by the gear quality and pitch line velocity values. The

dynamic factor was calculated by the equation:

With A and B being values that are calculated through other equations with the gear quality

number. A was calculated by the equation:
A=50+56(1-B)

And B was calculated by the equation:

2
B =0.25(12 - Q,)3

In this equation, Q,, is the gear quality number and for this gearbox the given gear quality

number is 5.



K is the size factor and as the AGMA indicates, it can be taken as 1 for most gears but
for gears with a large face width, a value greater than 1 is recommended. For this gearbox, the

face width was relatively small so a size factor of 1 was used.

P, is the diametral pitch of the gears and a value of 8 teeth per and inch was given as a

design specification for the gearbox.

F is the face width which is the surface of a gear tooth from the pitch circle to the

outside circle of the gear. For this gear box, the face width was calculated using the equation:

F=2
Pg
Which gave the face width a value of 1.5 inches.

K, is the load distribution factor. The load distribution factor was calculated using the

equation:
Ky = 1.0+ Cpr + Cinq
Where C, and G, are the pinion proportion factor and the mesh alignment factor respectively.

Cpy is calculated using the equation:

Cpr = 22 —.025, whenF < 1
Pg

And by:

Cpy = — — 0375 +.0125F ,when1 < F < 15
Pd

Cma Was calculated using the equation:

Ca = 247 + .0167F — 765 * 10™*F2



K3y is the rim-thickness factor which Accounts for bending of rim on a gear that is not solid. The

equation for calculating the rim-thickness factor is:

2.242

) m.B <1.2

1.61
- n(l Mg " mB>12

Kpg

] is the geometry factor for bending stress for both the pinion and the gear which is a
modification factor that is based upon both the tooth geometry and the stress concentration. In
order to calculate it for the pinion and the gear, Figure 14-6 (lecture 14 slide 45) was used in

conjunction with the number of teeth for both the pinion and gear.
Allowable Bending Stress:

The allowable bending stress number equations for both the pinion and gear are used to
calculate the allowable bending stress number, S;,and S;,, for the material that the gears will be

made out of in order to make sure that the material is able to withstand the bending stress caused

by the pinion and gear. The equation for the allowable bending stress for the pinion is:
Stp > (Sp* Kg x Kr % 0p) /Yyp

And the equation for the allowable bending stress for the gear is:

Stg > (Sp * Kg * Kr * 06) [Yng

Where S, and S;, are the allowable bending stress numbers for the pinion and gear
respectively, S is the factor of safety for bending, Ky is the reliability factor, K; is the
temperature factor, g, and o are the bending stresses for the pinion and gear respectively, and

Yyp and Yy are the stress cycle factors for the pinion and the gear respectively.



Sg is the first variable in the equation for the allowable bending stress number and is the
factor of safety for bending for the pinion and the gear. For this gearbox, the factor of safety was

chosen to be 1.25.

Ky is the reliability factor and it was calculated to be .85 from table in the appendix

using the reliability of .90 which was specified in the design specifications.
K7 is the temperature factor and was gives as a value of 1.

op and a;; are the bending stresses for the pinion and gear respectively and were

calculated using the bending stress equation shown above.

Yyp and Yyare the stress cycle factors for the pinion and the gear respectively. They

were calculated using the equation:
Yy = 1.3558(N) 0178

Where N is the number of cycles of loading and was be calculated using the equation:
N=60*xL*nxq

Where L is the design life in hours, n is the rotational speed in rpm, g is the number of
load applications per revolution which for this gear box is 1 and 60 is the conversion factor from
hours to minutes. The equation for the stress cycle factors for the pinion and the gear was

obtained from Figure 14-14 (lecture 14 slide 27) in the appendix.
AGMA Contact Stress:

The AGMA contact stress is calculated in a similar manner to the AGMA bending stress

but not exactly. It was calculated using the equation:



o ::Cb\/MGT*](O=kB&,* K&>k< Km ) *EI

dp*F 1

Where g is the contact stress for the pinion, C, is the elastic coefficient, W, is the tangential
force, K, is the overload factor, Ky, is the dynamic factor, K is the size factor, K, is the load
distribution factor, d,, is the pitch diameter of the pinion, F is the face width, Cr is the surface

condition factor, and I is the geometry factor for pitting resistance.

C, is the elastic coefficient and for this gearbox, steel was chosen based on the calculated

values for the bending stress and from the data from table in the appendix .

Cr is the surface condition factor which accounts for detrimental surface finish. The

value of 1 was used for it based on the fact that the value of 1 is used for normal commercial

gears.

1 is the geometry factor for pitting resistance which was determined to be .108 by using
graph Figure 9-23 (lecture 14 slide 46) in the appendix in conjunction with the gear ratio of 7.2

and the number of teeth on the pinion which is 17.
Allowable Contact Stress:

The allowable contact stress number equation for both the pinion and gear are used to
calculate the allowable contact stress number, S-pand S., for the material that the gears will be
made out of in order to make sure that the material is able to withstand the bending stress caused

by the pinion and gear. The equation for the allowable contact stress for the pinion is:

Sy*K1*KR
Znp*CH

And the allowable contact stress for the gear is:



Su*KT*KR

S
G Zng*Chy

Where S;p and S are the allowable contact stress numbers for the pinion and gear respectively,
Sy is the factor of safety for contact, K is the temperature factor, Ky is the reliability factor, Zyp
and Z are the stress cycle factors for Contact Stress for the pinion and the gear respectively

and Cy is the hardness-ratio factor.

Sy is the factor of safety for contact for the pinion and the gear and for this gearbox, the

factor of safety was chosen to be 1.25.

Zyp and Zy are the stress cycle factors for Contact Stress for the pinion and the gear

respectively. They were calculated using the equation:
Zy = 1.4488(N)" —.023

Where N is the number of cycles of loading and was be calculated using the equation:
N=60*xL*nxq

Where L is the design life in hours, n is the rotational speed in rpm, g is the number of load
applications per revolution which for this gear box is 1 and 60 is the conversion factor from
hours to minutes. The equation for the stress cycle factors for the pinion and the gear was

obtained from graph Figure 14-15 (lecture 14 slide 28) in the appendix.

Cy is the hardness-ratio factor which accounts for the increase in the gear capacity with
regards to the pitting resistance. For the gearbox, the hardness-ratio factor was determined to be

1.



Hardness:

After all these values were calculated, the hardness was then determined for the pinion and the

gear by the equation:

Se = 349H, + 34300

From graph Figure 14-5 (lecture 14 slide 20).

Based on the hardness the material of both the pinion and the gear is AISI 1030 Q&T at

400 degrees Fahrenheit.

5.2 Shaft Analysis

For the design of the shaft, the first step was to choose a layout. One of the shaft layouts
that was considered for the gearbox design was the shoulder layout. In this layout, there are two
bearings and two shoulders on each side which block axial movement. Moreover the design

layout has a rotating ring which is used in order to keep the gear in place.

Another shaft layout is the Shoulder Shoulder Spacers layout. In this layout there are two
bearings on each side and one shoulder and spacer on one side. This varies from layout 1 as

having a spacing enables the gear to move at a faster rate thus transfer power quicker.

Based on an extensive analysis it was concluded that shaft design layout #2 was the layout
chosen for the final design as the group concluded that more power transfer would create a more
efficient gearbox. This layout was used for both the input and output shafts. The chosen material
for the shafts is AISI 1030 steel quenched and tempered at 400 °Fahrenheit. The final layout of

the shaft is shown below:



Shoulder

Bearing

n=0.02*di

da

N

A 4

N

ds

A 4

d:

N

h 4

d

A 4

0.57.0.5"
G

0.5"

2.0"

0.75"

Figure: Shaft layout



The next step in designing the shaft was to create torsion, shear force, and moment
diagrams of the shaft. To do this, the velocity was calculated based on the pitch diameter and

input speed:

V. N 7x2.125x1800

; =1001.383(ft/min)
12 12

The velocity and output power were used to calculate the radial and tangential force on

the shaft:

W, =33000° =33000—20__ — 659,0887(Ibs)

V, 1001.383
W_ =W, tan ¢ = 659.0887tan 20° = 239.8887(lbs)

The radial and tangential force on the shaft were then used to calculate the total force and

torque on the shaft at point E:

F. =W, )2 + (W, )? =/(659.0887)" +(239.8887)" = 701.3876(Ib)

d
2~ 650.0887x 2125

T =W, =700.2817(Ib—in)

The numbers used in the above calculations are for the input shaft, but the output shaft
was analyzed using the same method and equations. The final torsion, shear force, and moment

diagrams for both shafts are shown below:



700.2817 (Ib-in) s

: ' ) d d-

h 4

h 4

| ' 355.565 (Ibﬂ\ l
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N ) OO O
A 7/32" 9/32"
Torsion 7002817 Ib-in c
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Shear
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Force
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G
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77.78 Ib-in

B

Figure: Input shaft torsion, shear force, and moment diagrams
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Figure: Output shaft torsion, shear force, and moment diagrams



Using these diagrams, the required minimum shaft diameters were determined based on
static analysis. This was done using the following equation:

/3

1
o | 104K M, )? +3(K,T, )’
- S

y

In this equation, ns is the factor of safety, K is the stress concentration for bending
moment under static loading, M is the bending moment, Kjs is the stress concentration for
torsion, Tmis torsion, and Sy is the yield strength of the material. For the static analysis, a factor
of safety of 3.25 was used. The values of K; and Kis were determined using Table 7-1, which can
be found in the appendix.

di was analyzed at two critical areas: the keyseat at A and the fillet at C. d2 had to be at
least 1/8" of an inch larger than d; and ds. ds was analyzed at critical areas D and E. d4 only had
to be analyzed at the fillet at F. The minimum diameters based on static analysis are as follows:

d, Critical di
Critical
area A in .
area A in
d, Critical d1
ses © in Critical
area C in
e in d2 in
d; critical
area D in d3 critical
area D in
d; critical
area E in d3 critical
area E in
d, in da in

Figure: Input shaft diameters Figure: Output Shaft Diameters



The next step in designing the shaft was to calculate the minimum diameter based on

fatigue analysis. This was done using the following equation:

1/3
; _[16nf {2|<f|v|a +\/§KfSTmH

T S S

e ut

In this equation, ns is the factor of safety, K is the fatigue stress concentration factor for
bending, Kss is the fatigue stress concentration factor for torsion, Se is the endurance limit of the
component for cyclic bending stress, and Syt is the ultimate strength of the material. For the

fatigue analysis, the factor of safety is 1.25.

In order to calculate Se, the following set of equations was used:
S, =k, Kk k.kk.KkS,:
S, =0.5S,,;
k, =2.70xS>*%;

k, =0.879d 17

k. =1;
ky =1;
k, =0.814;



Here, ka is the surface factor for machined surface, ks is the size factor, k¢ is the load

factor, kq is the temperature factor, ke is the reliability factor, and ks is the miscellaneous factor.
Krand Kss were calculated using the following equations:

K =1+q(K, -D;
Ks =1+q(K; —1);

For the analysis at the keyseats, K: and Kis are the same as those used for the static
analysis, and q is equal to 0.8. For the analysis at the fillets, K; and Ks are found using a stress

concentration resource called eFatigue, and g was determined using the following equations:

q= /(H \/ﬁ]; where r is fillet radius
r

Va pending = 0.246—3.08(10°)S, +1.51(10°)S2 —2.67(10°)S3 ;
Vagrsion = 0.190—-2.51(10°)S , +1.35(107°)S2 —2.67(10°)S3 ;

The equation for Ja bending 1S USed when calculating Ky, and the equation for Vaorsion i

used when calculating Kss.

Determining the final dimensions of the input and output shafts was an iterative process.
First, the fatigue analysis was done using the diameters determined by static analysis. The new
diameters found in this fatigue analysis were then used to determine the keyseat dimensions and
which bearings to use. When this was done, the shaft was modified according to the keyseat and
bearing analysis. The static and fatigue analysis were then repeated using these modifications.

This entire process was repeated until a set of diameters was found for the shafts which satisfied



static, fatigue, bearing, and keyseat analysis. This process was done in excel to keep the

calculations organized and to save time.

Input Shaft Di_mensic:ns Fatigue Design for Shaft Final diameters based |, iqp of
based on static loading on bearing design | bearing
h dybased dzbaszed
s, on static on static The fatigue analysis does nat
d, 2125 in 61500 | p<i loading inches  lnading inches | T3l forlarger diameters than the| T in
static analysis, so the diameters
dzbased dybased fram the static analysis can be
Reliability of static an static used

W, 1007 | frfmin b loading inches loading inches dx
wly 659.1(bs d,. section A-C d;. section D d;. section E d,. section F d;
el 239.9|lbs k, 0.75429 k, 0.7543 k, 0.7543 k, 0.7543 dy 6 in
Fr T01.4 (lbs ki 0.5696 ke ky 06323 ky 0.879
T T00.3 | lb-in k. 1 ke 1 k. 1 k. 1
AlSI030
G T 400
F.S. psi ky 1 ky 1 ky 1 ky 1
AISI030
G T 400
F.5, psi k, 0.897 k, 0.337 k. 0.337 k. 0.537

Fabia ™ ] ] |
Kikey 7 ke 1 ke 1 ke 1 ke 1

Fabia ™
K ke 7 =R 23706 | psi =R 28807 (psi S, 25507 psi S, 36576 | psi
K, sharp Fabda ™ g fillet 2t 13 fillet at
fillet 7 ryfillet 2t C 0.03|in ] 0125 |in F

from Laiealar fom
K., sharp Fabia ™ ey Fabis ™
fillet i K,atC 2.23 | ofatipee |K,atD 7 KyatF
K, o Liaietar fom
rounded Fabia ™ s rening Fabia ™
fillet 7 K, atC 182 | aizsipee K, atD 7 K, atF
K., fram
rounded Fabda v afor wafor ~afar
fillet 7 bending | 0.04532 bending  0.0453 Ky atE 1912 bending  0.0453
dy Critical ~afar “afar ~afor
areafh in tarsion 0.03583 torsion 0.0355 K atE 26 tarsion 0.0355

— —

The final diameters of the shaft are as follows:

dl
d2
d3
d4

Figure: Input shaft diameters Figure: Output shaft diameters

These diameters were then used in order to determine the size of the mechanical key..



5.3 Mechanical Key Design
Add your part here Patricia.
5.4 Bearing Design

Before starting with the bearing analysis, one must define the application of bearings.
The main design purpose of the bearings is to locate the shaft and provide less friction shaft
rotation. Since there is an input and output shaft, and the shaft layout required two bearings for
each shaft, meaning one had to pick four bearings from the website McMaster-Carr. To choose
the proper bearings, it was recommended to use the bearings using the ABEC 1 tolerances.
ABEC 1 are “dimensional tolerance standards in hard-to-find inch sizes, these quiet-running,
electric-motor-quality bearings handle radial (perpendicular to the shaft) loads and small
amounts of angular misalignment. Temperature range is —40° to +248° F”’ (Mc-Master-Carr). For
both shafts one ended up choosing 2/4 bearings using the ABEC 1 tolerances. The following is a
detailed analysis that describes how one came to the conclusion that different kinds of bearings
are needed to be introduced in order for the design specifications to be met (Note: This procedure

is the same for the input bearings and output bearings).

The first equation used was to determine the design life (Lp) of the bearings. The

following equation was used to determine the design life:

Lp=60*hx*n

Where h is the design life of the gears and bearings, and n is the input speed. Not only
was Lp determined, but the department head informed one that Lo=Lp1o making it simpler to
solve for other necessary parameters. For example, now was able to calculate the design life ratio

of Lp and Lio named xp. The following equation was used in order to calculate xp:



Lp

x =
P Ly

This was followed by selecting either a tapered or ball and straight roller bearing. Based
on the choice of the bearing, the values from the table on Lecture 18 Slide 26 was used in order
to obtain the values Lio,Xo, o, and b. Another parameter that the department gave to criticism
was ar and based on the fact that ar had to be in between 1.25-1.50, 1.35 seemed to be the best
option for ar as it was the average of the expected as. This was then followed by selecting a,
which consisted of either 10/3 for roller bearings or 3 for ball bearings. Furthermore, now one
was presented with the two most important concepts that would ultimately determine the bearing
and they are the dynamic loading C1o and the minimum diameter dminimum shaft. TO find the

dynamic loading C1o one had to use the following formula:

1/a
Xp

ClO = af * FD * 1
xo + (6 — x0)(1 — Rp)P

The only variable in the above formula that has not been defined is Rp with is the index
reliability of 0.9. Not only is Cyo is an important factor, but Cpao is important to consider in order
to prove that if Cp10<Cio then the design specifications are being met. The following is the

equation for Cpio:

a

Lp1"

D

CD10 = af*V*FD*[_
Lio

After measuring the dynamic load, one had to compare the diameter of the static (dminimum

shaft) loading with the diameters from the bearings McMaster provided. In order to make a final



decision, the dynamic loading C1o had to be more than the calculated value. Not only was C1o

analyzed, but the diameter of the shaft also had to be greater than dpore.

Based on the calculations for determining the size of the bearings, one used an open
bearing of R24 and a high load open 2780726 for the input shaft. Whereas, for the output shaft
had a steel tapered-roller bearings, and an open bearing of size R18. These equations give rise to

the concept of creating a housing for the assembly.

5.4 Housing Design

The housing is the part of the gear box that holds everything together. For our design, we
picked a simple design in which the shaft bearings of the shaft rest on top of the housing. In
order to determine the proper dimensions of the housing, some rough sketches were made, which

can be found in the appendix.

The distance between both shafts must be the half the pitch diameter of the input shaft
plus half the pitch diameter of the output shaft. This ensures that the gears come together in the
right position so that they can work efficiently. One requirement for our design was that the
walls of the housing must be at least 0.5 inches away from the moving parts of the gear.
Therefore, the each shaft had to be half of the pitch diameter plus 0.5 inches away from the

walls.

For the top view, the dimensions of the bearing holders were determined based on the
dimensions of the chosen bearings. The width of the housing was determined by the lengths of

the shafts. The SolidWorks model for the housing can be found in the next section.



6. Drawings for components and assemblies

6.1. Part Drawings
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Figure: Pinion Drawing
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Figure: Output gear drawing
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Figure: Input shaft drawing
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Figure: Gearbox Assembly



Figure: Gearbox Assembly exploded view
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7. Findings, Discussion and Conclusions

Based on the presented calculations, graphs, and tables it is found that the current design
does not meet the all the major design specifications. This means the design specifications were
met for all parts of the carjack except the link bar. This could be due to the shape of the link or
material.

While this project did not required a redesign, what could have been done was to use a
material such as Alloy Steel and used the FEA Simulation through SolidWorks in order to
determine if the material was the problem.

Moreover, this shows that the project was limited and there is a lot more to be done in
order to make this car jack ready for reproduction. Thus it is concluded that the link bar was the
main cause of failure and that one needs to work on finding a better link bar design. This was an
adventurous venue and by working with a group, one would perhaps be able to expand its

creativity in designing something creative such as a gearbox.
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