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Abstract

This project focuses on the design and analysis of a stand-alone gear reducer capable of
transforming an input speed of 750 rpm to an output speed of 75 rpm, utilizing an input power of
3 HP. The primary aim was to develop a reliable and efficient gear reduction system that transitions
power from a vertical to a horizontal orientation. One potential application for the designed
gearbox is in conveyor belt systems, where precise speed control and power transmission are

essential for material handling processes.

The project involved a detailed examination of the gear reducer's components, including
gears, bearings, shafts, and lubricants. Comprehensive analyses were conducted, encompassing
gear selection, stress calculations, shaft and bearing analysis, and key design. Attention was given
to fits and tolerances, critical speed, and maintenance considerations. Additional focus was placed
on casing design, seals, retaining rings, and lubrication to ensure optimal performance and
longevity. The calculation of security factors demonstrated the robustness of the design,

confirming its reliability under various operational conditions.

This report provides valuable insights into the selection and analysis processes involved in
creating an efficient gear reduction system. The final design offers promising reliability across

diverse operational conditions.
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Nomenclature

Table 1: Nomenclature

Symbol Definition
T; Torque
t; Number of teeth
N Rotational speed
p Pitch
m Module
d; Diameter
F; Force
A% Pitch velocity
Angular speed
E, Equivalent force
E. Radial load
F; Thrust load
K, Life adjustment reliability
K, Application factor
Lg Life corresponding to rated capacity
L Life corresponding to radial load
Creq Rated capacity

vi



Glossary

Table 2: Glossary

Term Definition
HP Horsepower
Cs Countershaft
RPM Rotation per minute
AMGA American Gear Manufacturers Association
SF Safety Factor
Ibf Pounds-force
mm Millimeter

vil




Introduction

A stand-alone gear reducer refers to a mechanical device used to reduce the speed of an
input shaft by transferring torque through a system of gears. In this project we would like to design
a stand-alone gear reducer, vertical to horizontal, with an input power of 3 HP, an input speed of
750 rpm and an output speed of 75 rpm. Our stand-alone gear reducer must also be able to transmit

power efficiently and be reliable in all kinds of circumstances.

In this project, we're going to talk about the various components of our gear reducer, such
as gears, bearings, shafts, lubricants, and materials to adequately reduce the speed and balance the
forces within the gear system; to help you understand our design, we'll be using SolidWorks to
help you understand certain details. We're going to make the best possible product, considering

various parameters such as cost, choice of material and different properties.

First, we'll look at gears, shafts, bearings, slopes and deflections. We'll carry out a complete
analysis of these components, using calculations such as the number of teeth on the gears, the
diameter of the various components, material properties, costs, etc. Then we'll talk about key
design, tolerances and fits, and critical speed. Finally, we'll talk about the other considerations to

be considered for our product.



1. Concept analysis

a) Theory basics

Gearboxes play a crucial role in motion and power control within mechanical systems,
especially when there is a need to adjust the torque and speed transmitted between components.
Their primary function is to efficiently and reliably transmit power from one part of a system to
another. The design process involves selecting appropriate gear types, gear ratios, bearing

arrangements, shaft dimensions, and lubrication methods tailored to the specific application.

For instance, bevel gears are used to change the direction of shaft rotation, while helical
gears are favored for their smooth operation and higher contact ratios. Each component of the
gearbox must be meticulously designed to ensure long-term efficiency and durability. Standards
set by the American Gear Manufacturers Association (AGMA) are frequently consulted to

determine the dimensions, tolerances, and stresses that gears must withstand.

In summary, designing a gearbox is a complex process that demands a thorough
understanding of mechanical principles and careful consideration of the specific requirements of

the application.

b) Project Requirements

Our design requires a vertical input and a horizontal output, necessitating the crossing of
the shaft axes. To achieve this, we must incorporate bevel gears. This is the first crucial aspect of
our design. The second consideration is the required gear ratio of 10:1, which means transforming

an input speed of 750 RPM to an output speed of 75 RPM.



Given this high ratio, it is impractical to achieve it with a single set of gears. Therefore, we
need a two-stage gearbox. The first stage will have a 5:1 ratio, and the second stage will have a

2:1 ratio. This combination allows us to achieve the overall 10:1 reduction.

With the types and alignment of gears determined, we need to calculate all aspects related
to the gearbox to ensure its integrity and longevity. This includes determining the appropriate gear
dimensions, bearing arrangements, shaft dimensions, and Ilubrication methods. Ensuring
compliance with standards such as those set by the American Gear Manufacturers Association

(AGMA) will help in achieving a reliable and durable gearbox design.

2. Design Analysis

Design Assumption

To guide the mathematical analysis and material selection for our system, below is a list of
design assumptions. Some of these are based on examples provided in lectures and the class

textbook.

Highest manufacturing accuracy

e A precise gear ratio is not required

o All gears will be made from the same material

e For the Overload Correction Factor K, the driven machinery is designed for moderate
shock from a light shock power source

e We aim for 99% reliability in all materials

e Keep shafts as short as possible, with bearings close to the applied loads to reduce

deflections and bending moments and increase critical speeds



Place necessary stress raisers away from highly stressed shaft regions if possible. If not
possible, use generous radii and good surface finishes. Consider local surface-
strengthening processes such as shot peening or cold rolling

Use inexpensive steels for deflection-critical shafts, as all steels have essentially the same
elastic modulus

We need to calculate every possible failure mode for the shaft, including bending, shear,
fatigue, deflection, and torsion

Shaft material will be AISI 4140

We do not account for the mass of the gears

The bearing must be able to operate at high speeds

Ball bearings will be used to simplify analysis

Since the application of the gearbox was not specified, we assume the design must operate
under light to moderate shocks

The mounting of the bearings (likely press-fit) will not affect their life

Only one bearing on each shaft will carry an axial load.

Our gear box will have a life expectancy of 6 year



3. Gear Analysis

Main gears disposition

The initial step in developing the design was to determine the speed reduction ratio. For this
project, we were provided with specific parameters. Primarily, we needed to achieve vertical input

and horizontal output. Additionally, we were given the following specifications:

e Input Power (P): 3 Hp =3 x 745.7 = 2237.1 Watt
e Input velocity (w;,): 750 rpm

e Output velocity (wyye): 75 rpm

---¢

Figure 1: Representation of the speed reducer configuration



Based on the catalog, we need to determine the service factor by referencing a table that
correlates the service factor with the operating conditions. If the gear reducer operates under
moderate shock conditions, uniformly, and for no more than 8 hours per day, we can deduce from

the table that the appropriate service factor is 1.0.

Opoutin_grcorndltions

'Uniform — not more than 15 minutes in 2 hours.
Moderate Shock — not more than 15 minutes in 2 hours.
Uniform — not more than 10 hours per day.

Moderate Shock — not more than 10 hours per day.

| Uniform — more than 10 hours per day.

Heavy Shock — not more than 15 minutes in 2 hours.

Moderate Shock — more than 10 hours per day.

1.75  Heavy Shock — not more than 10 hours per day.

2.0 Heavy Shock — more than 10 hours per day.

Figure 2: Service factor for bevel gears

Equation 1: Torque equation

_ 3x745.7

Ty = —""2" _ 28,48 Nm
750 x 21
3 X 745.7

Tout = —277,' =284.84 Nm
75 X m



Using the equation that relates the number of teeth to the rotational speed ratio, we can first
determine the overall speed reduction ratio. Subsequently, we can calculate the number of teeth

required for each stage of reduction.

ty N,
ty N

Equation 2: Teeth ratio

Reduction ratio:

Win _ 750 _

=—=10
Wout 75

Given the required gear ratio of 10:1, we decided to use a two-stage speed reducer.

e 1% stage:

o 2" stage:

Combination: 3 x 3.33=9.99~ 10

Based on the catalog, we observe that bevel gears are available only in 2:1, 3:1, and 4:1
ratio. Given this constraint, we have chosen a 3:1 ratio for the second stage. To achieve the overall
reduction of 10:1, we can then adapt the first stage accordingly to approximate the desired final

reduction. The minimal teeth number for pinion (N, )can be found with the following equation:



. 2k
P (1 + 2m)sin2(Q)

X (m +m? + (1 + 2m)sin?(0))

Equation 3: Pinion minimal teeth

where:

e k =teeth coefficient
e ¢ =pressure angle

e m = gear ratio

Np = (3162 + 4/3.1622 + (1 +2(3.162)sin220) = 8.9 = 9 teeth

T (112(3.162))sin220

With a minimum number of teeth for the pinion set at 9, we aim to achieve a gear ratio of
approximately 3.162 to ensure our gearbox is as compact as possible. These ratios are also based
on the availability of gears in the catalog. To achieve this combination of ratios, the number of

teeth is assumed to be as follows:

Table 3: Number of teeth assumption

N; 1 2 3 4
Number of teeth 15 50 15 45

After determining the gear reduction ratio, we needed to select gears that would meet the
input/output requirements. Bevel gears emerged as the most suitable choice for our application,

given their capability to transmit power between two intersecting axes at a right angle.

Among the different types of bevel gears, we considered both straight bevel gears and spiral

bevel gears. Straight bevel gears are easier and less costly to manufacture due to their simpler teeth



design. However, they are less efficient in transmitting higher torques. On the other hand, spiral

bevel gears, with their curved teeth, can handle higher torques more effectively. Their design

ensures a more even distribution of loads, which enhances durability and longevity, making them

ideal for applications requiring reliable performance over time [1].

To make an informed decision, we conducted a detailed analysis of both gear types and

used a decision matrix that evaluated factors such as cost, torque capacity, noise level, durability,

efficiency, and maintenance requirements. This comprehensive approach ensured that our final

selection was based on a balanced consideration of all relevant factors, aligning with the project's

goals of efficiency, reliability, and cost-effectiveness.

The decision matrix used for our analysis is as follows.

Table 4: Decision matrix analysis for spiral or straight gears

Factor Mounting | Efficiency | Reliabilit | Noise | Torque | Price | Max | Total
requirement y capacity ratio

Spiral 4 5 5 4 3 2 1 -

Straight 4 4 4 2 5 5 5 110

Weight 3 4 5 2 5 2 5

factor

Based on this decision matrix, straight bevel gears were determined to be the superior choice for

our application. Therefore, based on the same criteria we can choose to have spur gear.

Table 5: Gear specification

Gear Specifications

4

Material

STEEL

STEEL

STEEL

CAST IRON




Catalogue YF15 YF50A PA7536Y-P PA7536Y-G
Type Spur Spur Bevel Bevel
Diametral Pitch 10 10 6 6
Face 1.25 1.25 1.08 1.08
Teeth 15 50 15 45
Ratio 3 10 3 9
Transverse 1.5 5 2.5 7.5
Diametral Pitch
Bore 0.75 1 0.875 1.125
Press. Angle 20 20 20 20
Hub Dia. 1.22 3.95 2.12 3.25
Hub Proj. 0.62 0.88 1.44 1.25
Outside Diameter 1.7 5.2 2.95 7.56
Mounting Distance | 5.25 5.25 5.25 3
Overall Width 1.87 2.13 2.132 2.575
Keyway Size - - - 3/16*3/32
Cost (CAD) 66.29 231.3 147.8 371.4
ID # 46175 10640 12522 12520
Material Selection | Grade 2 Steel | Grade 2 Steel | Grade 2 Steel | Grade 50
Hardened Hardened Hardened Cast Iron

a) First stage of reduction: Spur gears selection

i. Speed calculation

_0)1:@:3

w»

e, =
w»

3

Equation 4: Speed ratio

10



From equation 5, we can deduce the second angular (w,) speed that is equal to the third(w;).
W, = 225rpm = 23.56 rad/s

ii. Diametrical pitch calculation

For the diametrical pitch we can use the equation below.

P_N
b—p

Equation 5: Diametrical pitch
Pp = gear pitch diameter
P = Given diametral pitch (Boston Gear)

N = Number of teeth

5
= =15in/d

P, =
D1 10

P —50—5' d
L T in/

ii. Loads and forces

To find the transmitted load tangential we need to find the pitch line velocity with the following

equation:

_ ndiwi
12

nd,w; wd,w, w(1.5) X (750) ]
Vi, 1 12 v 94.52 ft/min

Equation 6: Pitch velocity line

11



Therefore, we can find the transmitted tangential load:
Hp
F, = 33000 % A

Equation 7: Tangential force

3 —336.14 Ibf

29452

F,_, = 33000 x

The radial force can be deduced with the tangential load and angle ¢:
E. = Fitan (¢)
Equation 8: Radial force
Fri-3 = Fpyotan (¢)
Fpi_5 = 334.14 tan(20) = 121.62 Ibf

b) Second stage of reduction: Straight bevel gears selection

i. Gear ratio and angular speed calculation

From equation 5 we can find the gear ratio for the second stage.

w3 224
82 = — = — =
Wy Wy

w, =75rpm =7.85rad/s
il Diametrical pitch calculation
From equation 6 we can find the diametrical pitch for the second stage:

15

45

12



iii. Loads and forces

From equation 7 the pitch line velocity is given by:

_ mdzw;  mdyw,  m(2.5) X (225)

.= = 147.2 J
V3_4 17 17 12 6 ft/min
The tangential load is given by:

Fis_y = 33000 X —— = 672.27 Ibf

147.26

And for the radial force:
Frs_4 = 672.27 tan (20)= 244.69 1bf

¢) Stress calculation

Analysing the strength of gears according to AGMA standards, involves determining the
bending fatigue and surface fatigue strengths. To achieve this, it is necessary to identify the values
of the relevant factors to calculate the ultimate and maximum stress for each fatigue mode (Sn, Sh,

oH, and o). The following variables have been derived from the textbook "Fundamentals of

Machine Component Design.".

i. Spur gears

For the spur gears the gear-tooth-bending stress can be based on the Lewis equation below:

iy kk
0:5= b.} v o m

Equation 9: Gear tooth bending stress

Given a pressure angle of 20° and 15 teeth and 50 teeth we obtain a value of:

J1: From the figure 15.23, we find a geometry factor of 0.25

13



J2: From the figure 15.23, we find a geometry factor of 0.45

0.60

|
0.55 ;.g.‘ 1 Load applied at
> 85| highest point of
0.50 - f single-tooth
@\m" 435 | Contact
a " = 117/ {sharing)
045 e‘.\\
Ry Q¥ "
B et —
:_.é 0.40
> —
] =
0.35
g Load applied at
© 030 tip of tooth
_____.-—' I (no sharing)
0.25
=_
0.20
- 35 |as) 60 | 125
12 15 17 20 24 30 40 50 BO 275 »

Number of teeth N
(@) 20° full-depth teeth

Figure 3: Geometry factor J graph for standard spur gears

For the overload correction factor K, a moderate shock with uniform source of power is chosen

for the first set of gears. We conclude that K, = 1.25.

Table 15.1 Overload Correction Factor K,

Driven Machinery
Source of Power Uniform ‘Moderate Shock ‘ Heavy Shock
Uniform 1.00 FEyasn 1.75
Light shock 1.25 1.50 2.00
Medium shock 1.50 1.75 2.25

Table 6. Overload Correction factor

14



To find the mounting factor K,,, reflecting the accuracy of mating gear alignment, we know that

our face width is 1.25 therefore K,,,= 1.3.

Table 15.2 Mounting Correction Factor K,

Face Width (in.)
Characteristics of Support Oto2 6 9 16 up
Accurate mountings, small bearing clearances, 1.3 1.4 1.5 1.8
minimum deflection, precision gears
Less rigid mountings, less accurate gears. contact 1.6 1.7 1.8 2.2
across the full face
Over 2.2

Accuracy and mounting such that less than full-face
contact exists
Table 7: Mounting correction factor
The velocity factor K,, indicates de the severity of impact as successive pairs of teeth engage.

For a high precision, shaved and ground and V=294.52 ft/min .

_ 78+VV _ 122

K
v 78

We can find the gear bending stress with Lewis’s equation:

_ (336.14)(10) 1.22)(1.3)(1.25) = 21324.73psi = 21.32ksi
O'l—m( . )( . )( . )— /OPSL = . Sl
_ (336.14)(10)

Finding the geometry factor I using the following equations gives:

15




QU

g
sin(20) cos (20 d,
[ = (20) (). P =0.124
2 41
dp

Equation 10: Geometry factor for spur gears
Following the recommended procedure from the class textbook, the elastic coefficient is
evaluated using the formula provided. Given that both the pinion (p) and gear (g) are made of the
same material, their Poisson's ratio and Young's modulus are identical. Therefore, the elasticity

coefficient is:

Table 15.4a Values of Elastic Coefficient C,, for Spur Gears, in \/psi

(Values Rounded Off)
Gear Material

Pinion Material Cast Aluminum Tin
(v = 0.30 in All Cases) Steel Iron Bronze Bronze
Steel, E = 30.000 ksi 2300 2000 1950 1900
Cast iron, E = 19,000 ksi 2000 1800 1800 1750
Aluminum bronze, E = 17,500 ksi 1950 1800 1750 1700
Tin bronze, E = 16,000 ksi 1900 1750 1700 1650

Table 8: Values of elastic coefficient

Cp = 2300

The yields CR is calculated with:

CR=0.317

Equation 11: Yield equation

16



For Bending loads: C;, = 1; C; = 1; finally we find C; = 0.79 with :

Hardness (Hp)
1520 160 200 240 280 320 360 400 440 480 520

T T T
Mirror-polished
0.9 ~—]
\Fine- ound or —
0.8 commercially S~
P —~——]_ polished
N\, — ~~
0.7 ~<—Mac;;
A S~ hlned
“ 5 \ \ or °°/d
© 06 ~0/0 07, —|
5 IS \\ Y
~§ 0.5 \ \\ - \
o NGNS N
8 N N =] A,
T oal i Lot
. N N oy /
7] N \\ *
0.3 Sies S i
) o / "\\\o'&’ed P
,; \\
0.2 = S~ s e
Corroded in o ~—
0.1 tap water "~—-;,_‘
Corroded in salt water |
| | I 1

0
60 80 100 120 140 160 180 200 220 240 260
Tensile strength S, (ksi)

[ I I I I I I |
0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8

S, (GPa)

Figure 4: Surface factor

We can find the reliability correction factor Kr=0.753:

Reliability (%) 50 90 99 99.9 99.99 99.999
Factor k, 1.000 0.897 0.814 0.753 0.702 0.659

Table 9: Reliability correction factor

We know that we have input gears so mean stress factor: kms= 1.4

Before finding the temperature factor we need to assume a working average temperature of 180°F

therefore:
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620 620

ke =260 +T ~ 460 + 180

= 0.96875 (forT > 160 °F)

Equation 12: Temperature factor

CL# Like mentioned previously since the amount of life cycle is 9.5x10°, we find in the figure
15.27 of the class textbook that the values of our surface fatigue life are approximately 1.15.

0.8 e
———

0.6

104 108 108 107 108 102 1010 101!
Surface fatigue life (cycles)

Figure 5: Values of CLi

Cr: For the reliability factor, since we want our system to have the maximum reliability,
we will select a percentage of 99% reliability. This will give us a Cr =1.00

Reliability (%) Cp

50 1.25

99 1.00

99.9 0.80

Table 10: Reliability factor
Sfe: From the table 15.5 of the class textbook, we find that value for surface fatigue
strength (Sfe) can be found using the equation: Sfe = 0.4 x (Bhn) — 10kpi. Since we already have
the value for HB of the AISI 4140 steel of 302, we can go ahead and calculate the value of Sfe =

0.4 x (302) — 10 =110.8 ksi
18



Table 155 Surface Fatigue Strength 5, for Use with Metallic Spur Gears
(107-Cycle Life, 99% Reliability, Temperature < 250°F)

Material 5y, 1A} S, (M

(LR AT K (T4 M

Table 11: Surface fatigue strength

Sn’: The Boston Gear catalog indicates the use of untreated 0.4 carbon normalized steel for
their metal gears but does not specify the exact AISI steel grade. Based on Appendix C-a4 of the
class textbook, we can infer that the 0.4 carbon steel likely falls within the 4000 series. Assuming
a common industry choice for gears, it is reasonable to consider AISI 4140 as the material.

Consequently, the standard fatigue strength for rotating/bending is calculated as follows:

Sn'=0.5%Su=0.5%x148=74.0ks1

Designation Factor Value
Geometry [ I 0.124
Geometry J J 0.25
Contact ratio CR 0.317
Velocity Kv 1.22
Overload Ko 1.25
Mounting Km 1.3
Elastic Coefficient Cp 2300
Load C 1
Gradient Ce 1
Surface Cs 0.79
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Reliability K, 0.753
Temperature Kr 0.96875
Mean stress Ko 1.4
Surface fatigue life Y 1.15
Reliability (strength) Cr 1
Fatigue strength for Sn 74
rotating/bending

Surface fatigue strength Ste 110.8 ksi

Table 12: Recap of all factors for spur gears

We can now proceed to the calculation of our stress and bending fatigue including their
respected endurance limit. Note that the variable b is the face width of a gear. Using the formula

provided in our class material, we find that the four equations are the following:

Sy = S CiCp

Equation 13: Surface endurance limit

Oy = Cp K(‘K:;Km
bd,1

Equation 14: Spur gear surface fatigue stress

Sp = Sr; Cp, Cg Cs Ky Ky Ky

Equation 15: Bending endurance limit

After substitution of variables inside those equations, we evaluate the following equations:
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Value Operation Result

Sy (110800) (0.89)(1) 98.61ksi
Oy 336.14 123.13ksi
2300\/—(1_25)(1.5)(0_124) (1.22)(1.25)(1.3)

Sn (74)(0.75)(0.753)(0.56875)(1.4) 33.28ksi

Table 13: Stress, endurance and surface limits

Finally, we can find the factor of security for our first set of gears:

Security factor Result
Bending fatigue: FOS =% 1.57
Surface fatigue: FOS = ifj 1.25

Equation 16: Security factors for spur gears

il Straight bevel gears:

To determine the safety factor for straight bevel gears, we must follow the same protocol used
for spur gears. This involves identifying and calculating all the types of stresses exerted on the
gear teeth. These stresses include bending stress, surface fatigue stress, and other relevant factors.
By thoroughly analyzing these stresses, we can ensure that the straight bevel gears are designed to
withstand operational loads and achieve a satisfactory level of reliability and durability. This
process helps in predicting potential gear failures and enhances the overall performance and

longevity of the gear system.

Strating by finding J factor knowing that N=15 teeth we find J=0.23:
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Figure 6: J factor for straight bevel gear

Finding Kv is the same process as spur gears:

78+VV |78 +/142.26
Ty 78 78

= 1.075

To find the mounting factor we need to follow a value for a certain mounting type for bevel

gears, therefore we have a value of Km=1.16.

Table 16.1 Mounting Factor K, for Bevel Gears

Mounting Rigidity,
Mounting Type Maximum to Questionable
Both gears straddle-mounted 1.0t 1.25
One gear straddle-mounted: I.1to 1.4
the other overhung
Both gears overhung 1251015

Figure 7: Km factor for bevel gear
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Recalling the value of b=2.132, we can determine that Ko=1.25, which is consistent with
the value used for spur gears operating with a uniform power source and under moderate shock
conditions. With this value established, we can proceed to calculate ¢ using the same equation as
previously applied for the spur gears. This ensures consistency in our calculations and allows for

an accurate assessment of the stresses involved.

_ 672.27(1.5)

o= m(1.075)(1.25)(1.16) = 3205.5psi = 3.2ksi

We assumed that we have steel AISI 4140 gears we can find $,=0.5Su=0.5 (148) =74 ksi.

Using the same tables and figures as before for bending loads C; = 1.0; C; = 0.85 for P <

5; K, = 0.814 for 99% of reliability ; K; = 1.0; for K,,; = 1.4 for input and output; Cs = 0.7
Su = SreCLiCr
Sfe = 0.4 (bhn) — 10ksi = 110.8 ksi
Ci=10; Cp=1.0

Cp=2300; I=0.12358; Ko=1.25; Kv=1.13328; dp=6 ; Ft=672.27 ; Km=1.16

Designation Factor Value
Geometry [ I 0.12358
Geometry J J 0.23
Velocity Kv 1.133281.22
Overload Ko 1.25
Mounting Km 1.16
Elastic Coefficient Cp 2300
Load C, 1
Gradient Ce 0.85
Surface Cs 0.79
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Reliability K, 0.814
Temperature Kr 1
Mean stress Kns 1.4

Surface fatigue life Cr; 1
Reliability (strength) Cr 1
Fatigue strength for Sn 74
rotating/bending

Table 14: Recap of factors

Sn= 74x1.0x0.85x0.7x0.814x1.0x1.4= 50.176

Sy =110.8

oy = 60799.9 psi = 60.8 ksi

Bending fatigue: FOS == 15.68

(2]

Surface fatigue: FOS = i—" 1.82
N

Table 15: Bevel gears security factor

4. Shaft Analysis

The shaft analysis consists of calculating the stresses that are applied to the shafts. Both
bending loads and torsional loads are considered. When the shafts are transmitting power, they
are subject to torque which is accompanied by alternating bending stresses due to the gears.
Stress concentration factors need to be found for each change in the diameter of the shaft. A

fatigue strength calculation will then help in finding S,,.

For the shafts, the material chosen was AISI 4140 which possesses good characteristics

with a tensile strength S, = 148 ksi and §,, = 95 ksi.
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The location at which bending moments occur is important for drawing FBDs, shear and
moment diagrams for both vertical and horizontal planes. It is assumed that the acceleration is
zero and that transversal shear stresses are negligible compared to bending and torsional
stresses. The Goodman criterion is used to find the safety factor and to ensure that it is
respected, which will ensure that the design is robust and safe throughout the life cycle of the

gear reducer.

Figure 8: Intermediate shaft dimensions

r

For section 1 and 2: % = 1.316 ; i 0.066

Type of load Figure and/or formula
Factor
Bending | Torsion Bending Torsion
Kt 1.9 1.5

oG § |30

S
] =l
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q 0.87 0.9
K¢ 1.78 1.45 1+(Kt-1)q
. D r
For section 3: - = 1.15 ; - = 0.057

0.87

0.9

1.7

1.5

1+(Kt-1).q
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Stress analysis

Sp = Sr; C, Cg Cs Ky Ky Ky

Bending stress Torsional stress

S 0.5 Su=74 ksi 0.5 Su= 74 ksi
C, 1.0 0.58

Ce 0.9 0.9

Cs 0.7 (cold-drawn) 0.7 (cold-drawn)
Cr 1.0 1.0

C. 1.0 (50% reliability) 1.0 (50% reliability)
S 46.62 27.04

Table 16: Stress analysis for intermediate shaft

Critical Torsional Analysis

16T

Tnom = i Ky ; with T = input torque = 252.07lbin

Section: 1 2 3
d 0.76” 1” 0.876”
Ky 1.45 1.45 1.5
Thom 4.24 ksi 1.86 ksi 2.86 ksi

Table 17: Critical torsional analysis for intermediate shaft

27




Ceibied bondic AMJ,jb‘JS'-

Drem = DIM g,

y Feyp = 121-62 1bf
Teyoy = AUY- 69 4Abf
Buariey 3 TV WO
= =
= <l
Z - lore
Fei-p v 34
3 g
f i
Ray Ry "
0" 1.065 & 3.195
} } } —s 2

Figure 9: Intermediate shaft critical bending analysis

28



TS Ry 4 Rey = Frra - Fyy = O
Ray 4 Bpy — 12162 = 249460 = ©
%3-}%3 = §ebal <@

st(ws) - Fe, (30t )= £, (3195) = ©

(Mg =0
9\33 (53) = 2133.3)
R% = HI15.35 (it
Ray = -41-54 4of (4)
\ - Dl:bl&m -
) 2.u4-49
‘%u&
3005 318"
1 Sy b
-4%5Y
=13- 16
M - Diepyrom
o M (- D
t ! >
{ |
~ 15184 I
—T05.29

Figure 10: Intermediate shaft V & M diagrams

29



2 -n !M:

y
huI i« 4—“4 = 2326-14 1bf
&I T Finwe 6424 Uk
- l.\.
0" 1.005" 513" 23.19%6"
I 4 t —b 7

!'12"—.)- lA‘L *“RB\ > -Ftl-)_ -'rts-q - 0

Pa ¥ Re = 31614 - g30.2F<®
QA‘ +R‘1 = 1o0s-4l —Q@

Usr\ & : R!‘LS'-IS) -'rh-z('*""f’) - 'Fl'.‘grll (:}|’;5) O

R%(’S’b) = 53‘3’&5
1iys- 31 b

QB\. o
Lom: Ras —135-34f (V)
\ - Dia?\lum s
N (of) 6 32-23
4
Mﬁn 3']56'
1 S nn b
-1356.%
= 4r-yy

Figure 11: Intermediate shaft forces calculation

30



M - Diecprem
a M (- D

—

~ 14 b9

—1538-2|

-

: J(- gs-2 )+ (~50520)°

L
M = _||\1Q_: L P
= I43FF3| bin

: 4=03" , Kez lu5
Seem® (330143731 (1487 = e 3oum psé
X s
7o (P 30D clpaE W
@ d‘-’l“/ Kg= 145
boomy= (320043731) Crys) = 20892 pso
A1y = 218 KsU
®: d: o8, K= 60
5 nomg )(42331) (.56) = 336313 pi
7L(_O'S:|'b)3 : 33 ks,

Figure 12: Intermediate shaft nominal stresses

31



EW WJ-U\B bbh&hﬁ 5"%"

e © \]65 ¥ VR
To.=0 ) ben.,: éw»-\:‘ L|°l? kSL
J. Beoe = 42T Kso

Sepn © g: " J’Tt,:,u(éﬂ“

Bn =0 1 Tz o = K24 kv

s = b4 Ks;;

Modified Goodvan Critemion with &wed:) foudsr e

bo 4 Bm = L

— -

f)n SW =
MT-F o MY o o4
Hb- 62 43 “
n = |-l & ok

Figure 13: Intermediate shaft security factor calculation

32



Input BShode
Crihad Bendim Aradysrs :

Geenr |
&-N'""‘D ) &P«ﬁ'a 2
X
d= 03 I j
=
s e
1" 3-065" o-ns"
(= >
5!\
2-‘) P\W
’rf.-L = 1462 Lbf Feia

Ry Rey
: lu\ : L ; > i
ou 1 Yoes 5”
47{{-31 p\A:)* ?\%* ‘rﬂ-L o
{62 4t

\1&3*0%

GENg: —-M)(“) + fa(rets) = 0
= By L) ¥ e (Fo65) =©

- '\'3 = 233-3% Lpt
S S'i'-LS
% RQD 7 {bf

Figure 14: Input shaft critical bending analysis

33



N = D':k@mm :

a N C4aef)
3233
I )
"II L‘.o‘s" 5“
~ B2
M- D )
. nL%"")
99-24

v

Z-n E\xuv.
fb(,l 2 336 {of

Fe.
R il
; + + t > 3
o" 1“ Yoes" 5"

AT Fez0: R, + Rg, =336 14 Lof

Grng: R (4) - fa(rets) = 0
= R (M) - 336y (roes5) =0

Figure 15: Input shaft V & M diagrams

34



- A :-%15 of (V)

- Ry = —aue-6q C¥)

o N (,U”‘F) L4 Y
i :
L-ols" 6" i
- 845
‘%-‘D;&M:
a th.in)
; b
l
I
- 23
M = Jn1;+ l’\l—gn‘ = AT Wi
Bmn® AN . (32N | 3iz.55 g
43 7 (0-36)’
= b-3F WKeu
T s BT, 5 1g(2628%) o aawuygn
~é = Co-35)? )
g 2.9 Ksu

Figure 16: Input shaft critical torsional analysis

35



Equiredant bunding stress:

Gon © jé; b

Cz0 ;, Do Dt b33 ksl
Co Bt be3a Ksu

Eopivedtnb maan bundicg Sty :

B, = ‘1: . Jﬂ"tv:+(éf\jz'

—

6M‘ o, (\Cm: ACI‘OM = l-ol K&\l

Bery = 2o Kgv

Mod:hed Qoodman Critemie  with $°-&,93 fader

bon 4 fem e L

—_—

5(\ de -
"_“’q' + )\-q = _L
Ho-6X 48 "
n = b) yw ok

Figure 17: Input shaft security factor

36



Oukpuk sholfb

Cebead bun&hg Am!:\&is 2
T l‘_)
Bw'm«) 5~y ] .L l
— dz 1-11as"
= T
\
It—)(-—'J(—’
Ly 2535
| 5“ 1
y—2 plene
-F,yq = A4Y4.69 Lbf
Fryu
f 1
n"\i O‘Bt
¢;" 2-'5' 2 R

AsFe=0: M~ h r Ry, =0
Rag + Ry = 21467 Lk

Q‘S“A‘O" “rq,.,, (1-6)+R31(5): o}
RB% (5) = 24469 (1-5)
& Rap = 122.35 Gf

-5 p\'t-;: 122-3) {bf

Figure 18: Output shaft critical bending analysis

37



= D“*U\rcun:

2 N Cad)
122233
'S
’_5'\ 5“
- 12133
M- D'n:ﬂm#\ 4
ﬂ(,(*b'i")
f 205-815
- - b
2.5" 5
A=y plane
fey-y = 6F2-23 b
l‘&s—q
T 1
®
Rpy B
°“ 2'6' 6. ‘J

Raa + Ry, = 632.2% lif

Figure 19: Output shaft V & M diagrams

38



Grmy ~or =%y, (3:8) + Ry ()= 0
Rpgy L) = 63229 (2-5)

—» p\g‘

230-14 e

- Rp = 236714 bf

N = D\‘M(Cun.

N (4bf)
336-14

A

v

1.5“ 5“

—3%6- (14

2.5“ /‘ \5“

2 =" .
i« Jl‘h—3 + Mye ZA4- 2% Lbin

£iax .5 fSL

n

brom = BLM _ (22)(314-2%)

3 (A 05 )P _
T : 640 Ksi

Figure 20: Output shaft nominal stress calculation

39



Towt = 284 -84 Nim

(,erud bor Seral th:S

= A52)1-04
O Cug e (2521:05) = a01346 g
Ad = (s Yy i
= 9.0 Keu

Equiwedent bundire strewsy:

fun = JoaT+ 3
Tz0 ) Dot Bwn® 4O Kb
Cobese T bl Kse

Equivelant vmean bunding Streay :
- e 1]
Do f’*;: 4 \I ‘t.:+(_éinj

6M: 9 ' (\Cn; ’b‘ﬁm = Q'ol K&b
Sem = %02 Kw
Modified Gosdman Criterion with Sofeky fadder n:

b 4 B = L

Sn Sen A
b- 40 # 0L . d
Hb -6 vs »

n = 504 7 ok

Figure 21: Output shaft critical torsional analysis

40



5. Bearing Design

Bearings are essential for the good functioning of a gearbox. A bearing is a mechanical
component that constrains relative motion and reduces friction between moving parts in
machinery. Bearings are generally used for the reduction of friction, to support loads, for energy

efficiency, for heat reduction, vibration and noise reduction, and have many other uses.

For a good gearbox, it's important to choose the right bearings. To do this, bearings analysis is
necessary. With the bearing analysis we will be able to find the different parameters (radial load
E,., thrust load F;, equivalent load F,, life adjustment reliability factors K., application factor K,
life corresponding to rated capacity Lg, life corresponding to radial load L) that will help us to

make the best choice possible.

For this gearbox we will have 8 bearings, two for each gear. For each gear, one bearing will be
fixed and the other one will be floating. Bearings 1 and 2 will be for gear 1, bearings 3 and 4 will

be for gear 2, bearings 5 and 6 will be for gear 4.

For this project we will use ball bearings; they will be selected according to their rated capacity.

For that we will need these following equations:

Fy
F,=FE [1 +1.115 (F - 0.35)]

T

For 0.35 < ? < 10:

L 0.3
Creq = Foka i)
r~R

min

L = 750 (rpm) * 8000 (hr) * 60 ( -

) = 3.6 * 108 rev

41



Table 18: Parameters

Bearings ﬂ F, (Ibf) K, (form | K, (form Lg L
F, table 14.3) | fig. 14.13) (revolution)
1 2.764 448.95 1.15 1 90 * 10° 3.6 * 108
2 N/A - 1.15 1 90 * 10° | 3.6* 108
(floating)
3 2.764 448.95 1.15 1 90 = 10° 3.6 x 108
4 N/A - 1.15 1 90 * 10° 3.6 * 108
(floating)
5 2.747 898.78 1.15 1 90 * 10° 3.6 % 108
6 N/A - 1.15 1 90 * 10° 3.6 * 108
(floating)
Table 19: Bearings selection
Bearings Creq (Ibf) | Bearing type | Bore (mm) OD (mm) W (mm)
1 782.55 200 IT 20 47 14
2 782.55 200 IT 20 47 14
3 782.55 200 IT 20 47 14
4 782.55 200 IT 20 47 14
5 1566.64 L06 XLT 30 55 13
6 1566.64 L06 XLT 30 55 13
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6. Deflection and slopes (Ihab)

1) Input shaft:

The deflection of a shaft subjected to various loading conditions is a critical aspect of
structural and mechanical engineering. Understanding the behavior of the shaft under load ensures

that the design can withstand operational stresses without excessive bending or failure.
Theory of Beam Deflection

For a simply supported shaft with loads applied at specific points, the deflection (d\deltad) at any

point along the shaft is influenced by:

Load (F_gear): The magnitude of the force applied by the gear.

o Length (L): The span of the shaft between the supports.

e Material Properties: Specifically, the Young's Modulus (E), which measures the stiffness

of the material.

e Moment of Inertia (I): A geometrical property of the shaft's cross-section that affects its
resistance to bending. For a circular cross-section, it is calculated as I=(nxd"4)/64, where

d is the diameter of the shaft.

Deflection Calculation

The deflection of a simply supported shaft with specific point loads can be determined using the
principle of superposition, where the deflection at any point is the sum of the deflections due to

individual loads. The deflection is calculated using the following piecewise function:
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2) Intermediate shaft

For a simply supported shaft with loads applied at specific points, the deflection (d) at any point

along the shaft is influenced by:
e Load (F_gearl, F_gear2): The magnitude of the forces applied by the gears.
o Length (L): The span of the shaft between the supports.

e Material Properties: Specifically, the Young's Modulus (E), which measures the stiffness

of the material.
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Moment of Inertia (I): A geometrical property of the shaft's cross-section that affects its
resistance to bending. For a shaft with varying diameters, the moment of inertia changes

along its length.

Deflection Calculation

The deflection of a simply supported shaft with specific point loads can be determined using the
principle of superposition, where the deflection at any point is the sum of the deflections due to

individual loads. The deflection is calculated using piecewise functions depending on the shaft's

geometry and loading conditions.

Shear Furce Olagras 1SFO) Barstisg Mement Dagrum |BRD) Definction Curve

HEd QAT E
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3) Output shaft

Lastlly following the same protocole as before we obtain a deflection diagram for the output shaft:

Defiection of a Simply Supported Beam with a Central Load

—— Deflection Curve

0.5 1

0.4

0.3 A

Deflection (inches)

0.2 4

0.1 1

0.0

0 1 2 3 4 S
Position along the beam (inches)

e Q‘QE {x, y1 = {2149, 0.482}

7. Key Design

To secure the gears on the shaft, keys and spacers are employed. In this part, we will explore the
analysis of the key and the process for selecting its material. Below is a sample calculation for the

key used with gear 1 mounted on the input shaft. The primary equation for this analysis is:

o = _Tx8
Y 7 0.58xLxd?
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Ideally, the key needs to be mounted all the way through the gear, giving L = 1.8 X d . The input
shaft has a diameter of 22.25mm therefore, the expected strength of the key is calculated as shown

below:

28.48 x 8 12.7MP
= > = . a
0.58 x 19.3 _ 40

7000 X 1000

Sy

A key made up of a material of yield strength of 12.7 MPa is needed to hold the gear together.
Since the yield strength is quite small, AISI 1015 has been chosen with a Sy of 324.1 MPa. The
chosen material will be able to withstand a maximum torque of 7.74 kNm which is 270 times

more than the input torque.

Key 1 for gear 1 | Key 2 for gear 2 | Key 3 for gear 3 | Key 4 for gear 4
L in mm 19.3 254 22.25 22.25
Material AISI 1015 AISI 1015 AISI 1015 AISI 1015

8. Fits and tolerances

Gears

In general, all types of components require fits and tolerance, except for certain
components. In our gearbox, we won't need to use fits and tolerances because we're using a key.

The key will ensure that the gears don't slip, be fixed and therefore avoid axial forces on the gears.
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Bearings

Good fits and tolerances enable bearings to optimize their performance, reduce the risk of
failure and extend the life of bearings and our gearbox. For our gearbox, we're going to use a rather

tight fit to avoid creep. We'll use a small tolerance of T = £50 um.

9. Critical Speed

Each shaft has a specific critical speed, which is the speed at which it becomes unstable due to
unlimited increasing deflections. Identifying this critical speed is crucial for preventing shaft
failure, as it serves as a benchmark. By ensuring the angular speed of each shaft remains below its
critical speed, failures can be avoided. To calculate these critical speeds, we used Equation 17.1
from RC Juvinall and KM Marshek Fundamental of machine component design textbook [2]. The
shafts were divided into 0.25-inch segments to simplify the calculation of weight and slope. These
segment values were summed and applied in the equation, which includes variables such as g
(acceleration due to gravity), w (gravitational force), &y (shaft deflection), n. (critical speed), k

(shaft spring rate) and w,, (natural frequency).
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Configuration Critical Speed Equation

(a) Single mass ',' i [ ke r;
=, (== [Z= ]
w, v o W \ 5 (17.1)
30 [k 30 [kg¢ 30 |
‘ n. = || = |' LI { § (17.1a)
(8, Gravitational m\m w\w =V
[ force, w
Shaft of spring rate & = wid,
(b) Multiple masses - 39 'l'g(wls| T 10251 Ton
CTN wd e (17.2)
30 lu'ng«S
ne & | Bl
7V S ws
%
Wy = [ — (17.3)
Y 45,
_ Sl
" 384E1

Figure 22: Critical speed

The actual speeds of the shaft do not even approach the critical speeds. This means the system is

stable.

10. Other design concepts

Casing Design

The casing design for this gearbox, with its vertical input and horizontal output, must

ensure effective shaft support, lubrication, and pressure regulation, while being cost-effective and

durable.
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The casing’s primary function is to support the three shafts without restricting their
movement. Given the need for a two-stage reduction to achieve a 10:1 ratio, the casing must ensure
precise alignment and robust support for both stages. Proper alignment of the vertical input and
horizontal output shafts is crucial, necessitating support at both the outer and inner ends, where

the bearings will be positioned.

Another important role of the casing is to contain the oil necessary for lubrication and heat
dissipation, as the design includes a splash lubrication system. The casing must ensure that oil
reaches all gears and bearings without leaking. Additionally, the rise in temperature inside the
housing can cause pressure buildup; hence, incorporating breather vents with filters at the top of

the casing will help regulate excess pressure and prevent oil from escaping.

The material selection for the casing is essential, impacting the gearbox's strength,
durability, and cost. The loads and stresses are expected to be low, and the environmental
conditions are not extreme. This allows for a relatively thin wall thickness and the use of a low-
grade material. Therefore, plain carbon steel has been chosen for its adequacy in meeting these

demands.

Lubrification

Lubrification is a technique that uses a substance to reduce, generally frictions but also heat
and wear, between two surfaces in mutual contact. Lubricants are usually liquid but can be solid,
such as graphite, or gas, such as pressurized air. For our gearbox we will use liquid because it will

help us to maintain the efficiency, reliability and longevity of our gear box.

For our gearbox we will use synthetic oil. It can withstand higher temperatures without

breaking down, ensuring consistent performance even under extreme conditions, they can also
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maintain their viscosity and flow characteristics even at low temperatures. Synthetic oil can resist
oxidation and corrosion and has a very good load-carrying capacity good for our gearbox. As a

synthetic oil we will use Mobil SHC oil [3].

Seals

A seal is an important component in gearboxes. Seals are used for retaining lubricants
inside the gearbox, ensuring that all moving parts are properly lubricated. They are also used for
preventing contamination of dust, dirt, water and other contaminants, and ensuring efficient

operation [4].

For our gearbox we will use the Labyrinth sealing system. A labyrinth seal is a step up in
design from the standard single seal or single seal with a dust lip. They feature a series of small,
narrow channels to provide very high levels of resistance to flow. Labyrinth seals come in many
variations, but they all feature a series of small, narrow channels to reduce the amount of dirt and
debris in contact with the sealing surface. There are also non-contact labyrinth seals, used in high-
speed applications to avoid the heat generation that accompanies contact seals, but they aren’t a

true seal and provide no sealing ability statically.

Retaining rings

Retaining rings, commonly known as snap rings, are a cost-efficient and reliable way to
axially position and secure components like hubs and bearings onto shafts. Available in multiple
varieties to meet different requirements, these rings fit into grooves on a shaft to hold other

components in place. For our gearbox, we opted for simple snap rings. While they may not be the
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top choice in every scenario, the advantages of using snap rings, including cost savings and

precision, outweigh their potential drawbacks.

Maintenance

Regular maintenance is essential for the durability and dependability of industrial
gearboxes. By performing routine tasks such as replacing gaskets, changing oil, and retightening
bolts, we can significantly reduce the risk of breakdowns and operational interruptions, especially
in industries with continuous machinery use. Proper maintenance not only ensures optimal
performance but also lowers the costs associated with unexpected failures. Investing in gearbox
upkeep not only maintains equipment integrity but also supports consistent operations and

enhances productivity in industrial environments.

Ideally, maintenance should be conducted every six months. During this time, the
lubrication system should be checked for contamination, oil levels should be monitored, and oil
should be replaced as needed. Regular inspections of gaskets and seals are necessary to detect any

leakage, damage, or wear.

Within the gearbox, it is important to examine the gear teeth for signs of wear, chipping,
or cracking. The gear teeth contact patterns should be inspected to ensure proper alignment and

meshing.

Given the vibration that gearboxes endure, bolts should be regularly checked for fatigue
and damage. Retightening or replacing bolts, along with using appropriate thread lockers, is crucial
to keeping them secure. Shaft alignment should also be verified during maintenance, as

misalignment can lead to increased bearing wear and potential gearbox failure.
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CAD Design (Ihab)

Drawings:

Figure 23:Straight spur gear

—

Figure 24:straight spur gear pinion
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Figure 25:Bolt for input-output lubrificartion

Figure 26: O-ring for sealing
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Figure 28:Deep groove ball bearing and thrust ball bearing

I
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Figure 29: Shafts
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Figure 30: Front view gearbox
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Figure 31: Front see through view of the gearbox
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Figure 32: Front section view
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Figure 33:Front Section view of mechanism
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Figure 34: Right section view
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Conclusion

In conclusion, the primary objective of this project was to design a stand-alone gear reducer
with a speed reduction ratio of 10:1, suitable for applications such as conveyor belt systems.
Throughout the design process, we explored the essential criteria required for manufacturing a
robust gear reducer, including gear selection, stress calculations, shaft and bearing analysis, and
key design considerations. Rigorous analysis ensured that our gear reducer met the necessary
security factors, demonstrating its reliability and durability across various operational

environments.

The project emphasized the importance of maintaining precise fits and tolerances, as well
as the critical role of proper lubrication and maintenance procedures, including regular inspections
of seals and retaining rings. These practices are crucial in ensuring the continued performance and

longevity of the gear reducer.

Ultimately, this project highlights the practical application of theoretical mechanical
engineering principles in the design and development of gear technology. The insights gained offer
valuable experience in conceptualizing and executing complex engineering projects, underscoring

the significance of combining technical knowledge with real-world applications.
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Appendix

SPUR GEARS

12 AND 10 DIAMETRAL PITCH 20° PRESSURE ANGLE
CAST IRON anp STEEL (Will not operate with 14%° spurs)
ALL DIMENSIONS IN INCHES
ORDER BY CATALOG NUMBER OR ITEM CODE
| Without Keyway | With Keyway
Hub ss.:': or Setscrew and Setscrew’
of Pitch Page| Catalog  Item | Catal Item
Teeth | Dia. | Bore | Dia. | Proj. 15% NumborICodo Numboegr Code
Face = 1.000"
12 Outside Dia. = Pitch Dia. + .166"
DIAMETRAL PITCH Overall Length = 1.000" + Hub Proj.
CAST IRON
60 | 5.000 B | YDBO |10604 = =
66 | 5500 YDE6 | 10606 - N
72 | 6000 | g | 212 | 88 YD72 | 10608 = =
84 | 7.000 | - YD84 | 10610 = =5
96 | 8000 YD9% | 10612 = =
1 9.000 225 YD108 | 10614 - -
1% 10.000 225 | 88 | D | YD120 [10616 i 2
12 1 ouz ) - | -
FACE . HuB 168 |14.000 |1-000 | 2.50 | 1.00 YD168 | 10622 = =
"I [" 182 16000 | | & YD192 |10624|  — =
216 | 18.000 275 YD216 | 10626 - .
Face = 1.250"

b 10 Outside Dia. = Pitch Dia. + .200"
pricH —*—gms B DIAMETRAL PITCH Overall Length = 1.250" + Hub Proj.
A, e v STEEL

f 1 9 12 |09962 | YF1 1
12 200 | gos 2 | 4o YF12 062 [YF12-558  [46173
14 | 1400 | - 112, ° YF14 | 09964 @gﬁlm 46174 |
15 | 1.500 1.22 09966 | VE15-3/4 46175
I—_ AL 18 | 1800 | 70 | 132 | 82 ‘ 09968 | YF16-3/4 _ |46176
750 YF18 09970 | YF18-3/4 46177
18| 1.800 875 142 | 62 = — |yFi87:8  |a6178
875 YF20 09972 | YF20-7/8 46179
S 2:000 | o, | 162'] 62 _ — lyF201 46180
875 A [YF2a 09974 |YF24-7/8  |46181
24 | 2400 |ygqo | 202 | 62 = - |lYF2a-1 46182
STANDARD TOLERANCES 875 YF25 |09976 | YF25-7/8  |46183
ol 2500 l4000 | 212 | 82 YF25-1 |46
Do JOLERANCE 75 T “VF28 (06678 | YE28.7/8 (46185 ]
BORE | AN +.0005 28 | 2800 [yggp | 242 | 82 > — |ye28-1 46186
HUBDIA | AN £1/32 30 | 3000 | 475 | 200 [ gg YF30A | 10630 = =
35 | 3500 | - 250 | - YF35A | 10632 - =
4.000 295 YF40A | 10634 - -
45 | 4500 |, 000 | 345 | oo YF45A | 10636 = N
48 | 4800 |V 375 | - YF48A | 10638 - .
50 | 5.000 3.95 YFS0A | 10840 = =
CAST IRON
85 | 5.500 5 | YF55 10842 = S
60 | 6.000 YFBO | 10644 - -
70 | 7.000 [1.000 | 250 | 1.00 YF70 | 10646 = =
12D.P. 10 D.P. 80 | 8.000 YFBO | 10648 - =
90 | 9.000 YFO0 | 10650 - -
100 | 10.000 D [TYF100 |10652 = =
120 |12.000 200 | 142 YF120 | 10856 = 5
140 [14.000 [1.125 | - 3 YF140 | 10858 = =
160 | 16.000 | YF160 | 10860 - =
200 |20.000 325125 YF200B | 10864 - -
TAll gears have standard keyway at 80° to setscrew. See Page 150.
REFERENCE PAGES

Alterations — 149
Horsepower Ratings — 47, 48
Lubrication — 149
Materials — 150
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REFERENCE PAGES

Alterations — 149

Horsepower Ratings — 70

All gears have “Conifiex"® tooth form.

All Hardened steel gears have teeth only hardened and are
equipped with standard keyways and setscrews.

MOUNTING

DISTANCE

STANDARD TOLERANCES

bubmon —151619 DIMENSION TOLERANCE
a s —
Selection Procedure — 67 BORE ] o i
ALL DIMENSIONS IN INCHES
ORDER BY CATALOG NUMBER OR ITEM CODE
No.of | Pitch MD Hub Catalog ' ltem | Catalog |Item | Catalog | Item
Ratio | Teeth | Dia. Face | Bore ° D Dia. |Proj. | Number Code | Number (Code| Number | Code
8 STEEL STEEL CAST IRON GEARS
DIAMETRAL PITCH UNHARDENED | HARDENED STEEL PINIONS
1.000 L156Y-G | 12252 — = — —
40 | 5.000 83 | y'5n0 | 2875 | 1850 [ 3.00 | 125 s e L 1sev-G [11888 = =3
211 20 | 2500 83 | 1.000 | 4000 | 2290 | 212 | 141 |L156Y-P | 12272 |HL156Y-P |11888 = =
40 | 5.000 g3 | 1000 | 2875 | 1850 | 300 | 125 — =a = — |’ PAs28Y-G | 12424
20 | 2500 2 875 | 4000 | 2290 | 212 | 1.41 = = — — | PAS2BY-P | 12426
34 48 | 6.000 a4 875 | 2375 | 1632 | 275 | 1.00 == PAB38Y-G | 12436
; 16 | 2.000 s 750 | 4250 | 2085 | 175 | 1.19 == PAG38Y-P | 12438
64 8.000 as | 1000 [ 2750 [ 1882 | 275 | 125 = = = — | PAB4BY-G | 12452
R 16| 2000 . 875 | 5250 | 2105 | 188 | 122 = = = — | PAB4BY-P | 12454
72 | 9000 | ,,, | 1.125 | 3250 (2320 | 300 | 169 — | PA94BY-G | 12460
18 | 2250 = 875 | 5750 | 2470 | 213 | 122 — | PAg48Y-P | 12452
6
DIAMETRAL PITCH
6000 [ 1.07 |, ,,5 | 3500 [ 2260 [ 325 | 150 [L158Y-G [12278 — — — —
8 | 3000 | 1.06 2 4750 | 2765 | 250 | 159 |L158Y-P |12280 = = = =
36 | 6000 | 107 | 1.750 | 3500 | 2.260 | 325 | 150 — — ||HLi58Y-G [11890 = =
8 3000 | 106 | 1125 | 4750 | 2.765 | 250 | 1.59 — — |[HL158Y-P |11892 = =
24 36 | 6000 | 447 | 1125 | 3500 | 2260 | 325 | 150 = — |[PABZ6Y-G | 12432
: 3.000 : 1.000 | 4750 | 2765 | 250 | 159 — — || PAB2BY-P | 12434
42 | 7000 | 4.5 | 1125 | 3750 | 2305 | 350 | 1.50 — — = — | 'PAT26Y-G | 12440
21 3.500 : 1.000 | 5000 | 2515 | 250 | 125 = = == — ||[PA728Y-P | 12442
48 | 8000 | 4, | 1125 | 3438 | 1898 | 325 | 1.00 — — = — | PAB26Y-G | 12448
24 | 4.000 : 1.000 | 5438 | 2560 | 262 | 125 — — = — | PAB26-Y-P | 12450
a1 45 | 7500 | 4qe | 1-125 | 3000 | 2132 325 | 125 = = = — | PA7536Y-G| 12520
: 5 | 2500 : B75 | 5250 | 2575 | 212 | 144 = = = — | PAWS3SYR 12522
5
DIAMETRAL PITCH - |
21 6000 | 45 | 1-125 | 3500 [ 2257 | 325 [ 1.38 PAG25Y-G | 12428
¢ 15 | 3.000 2 1.000 | 4375 | 2390 | 2862 | 128 PAG25Y-P | 12430
34 45 | 9000 | ,,, | 1250 | 3750 | 2507 | 375 | 169 — — = PAQ35Y-G | 12456
: 15 | 3.000 x 1.000 | 5875 | 2685 | 262 | 1.31 — — =X — | PA935Y-P | 12458
4
DIAMETRAL PITCH
2.1 32 78000 | 449 | 1125 [ 4250 2695 [ 375 | 156 — — " — — l PAB24Y-G | 12444
: 16 | 4.000 : 1.125 | 6.000 | 3350 | 325 | 1.81 Z Z == — | PAB24Y-P | 12448

*Mounting Distance (MD) must not be made less than dimension shown, see Page 144,
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