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Abstract

This project aims to improve the manual gear transmissions this
improvement includes reliability, durability. and noise reduction.
To ensure the improvement, we have to develop 4 manual gear
transmission made of a more solid material.
An example of transmission development efforgs relating to durability,
reliability is fo reducing transmission shift shock characteristics.
Finally we mentioned equations that will help us in our calculations and

design.
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Chuapler one: introduction

1.1 Preface

The main goul of the vehiele transmission is 0 convert the engine power inlo
vehicle traction; this conversion will make the engine more cfficient in fuel consumption and

aveeleralion.

The critical constrains for the vehicle transmission designer are the vehicle,
the engine and the operating environment. Basic knowledge of thesa factors is

gssential for meaning full development,

The first specific development task involving the gcar box is the sclection

ol lhe ratic range, or" overal] gear ratio, 1o be covered.

The funetioning of vehicle and transmission as 4 system can then be
asgessed, and decision made as to the number of speed, the ratio of the individual
specds, and the resultant gear stages. Taking into account the operating envirenment
and the designers then to decide whether the veliicle has adequate acceleration, and

the reguired climbing

Technical and technological advance have to be taken into account, as do
operalion rebabilily and adecuate service il als also essenbial Lo have regard for
environmental and secial consideration. Performance and the top speed stipulated in the
specification, is also determined the transmission enahles efficient motoring, especially in

terms of fuel consumption.



.2 Wha shoold attend?

The project will be of benefit to those with some previous experience and also those
who have recently become involved with gearing. Participants will need 1o bring their own

scientific caloulators.

1.3 Scope

The main goal of this project is 1o develop a new manual gear lransmission design,
this development includes improvemen: of efficiency, rehiability, durability and performance
which is related to the reduction of the weight by changing the material used 1o the
cotventional desigms, that will reduce fuel conswmnption. Topics and notes kave been
preparad specifically for the current projeet is the analysis and safe design ol varous
common elements ol the gear transmission, bearing, and shalls, geometry of the involute
ootk form and its appreciation to parallel axis gearing, geomelric design of spur, helical and

bevel gears, and the caleulation of the load capacity zear failures.

On the olher hand, by continuously using new sollwars's to simulate the required
final optimal desien of the manual transmission like CATIA, SOLIDWORKS, ANSYS, and
MITCALC that give us more knowledge and improve our experience, and to have the perfect
understanding of the mechanical desizn especially the gearbox design, eamed ideal ways of

thinking to have a proper design.

Now a Compleled trunsmissions are distinguished in terms of lormat and design the
format of the transmission, this is primarily determined by the position of the transmission in
the vehicle or in the power train and any additional geometrical constramls such as space
limitations. The formal 15 also affeered hy assembly considerations ( both as regards the
ransmission itself and as regard its installation in the vehiele), by gearbox housing rigidity
and noise amission transmission often comprise several individual gearhoxes, which can be
also housed in separale gearbox housing In this ¢ase, the relative position of the mdividual

housing is an imporiant factor influencing the format of the transmission as a whole,



The transmission design is derived from the functional principles applied, to fulfill
the main functions of the transmission. Their selection depends on the power to be
transmilled. considering traction utilization and ease of eperation. Especially in the case of
new developments. the design engineer has to decide the design or combination of designs of
the transmission. A preliminary selcction can be made by assessing the design under
consideration. and other alternatives. This preliminary selection follows on from the concept

phase of transmission development.

There are unlikely o be any further fundamental innovations in vehicle transmission
technology. There is more likely to be process of gradual evolution. The main trends are
system thinking cmbracing the [actor:

Environment «= | raffic +» Vehicle — Transmission

This defines the super ordinate development goals of vehicle transmission, their
developments have to be fast and market —oriented. There has to be Hexibility in adapting to
consumer prelerence, legal requirement also have to be taken inlo account, such as the

maximum permissible noise level.

develooment

= /

Super ordinate Take account technical
developments goals developmenis

/—\

Optimal conversion of the engine
pi LML O { I igh reliability, adequate service life. low J

[FHSL flexible market oriented ] [ Satisfty legal requircment ]

power available: - :
Good economy and acceleration noise and environmentally sounds

Figure 1.1 super ordinate development goals for vehicle transmission



1.4 Advanced transmissions and drivelines

What transmissions can leam from each other, a comparison of various transmission
concepts following an analysis of this key strengths and weaknesses of the most important
Lransmission types, attempts are being made to develop new, advantageous transmission

design through the combination of various characteristics.

In each case, a convenlional transmission 1s taken as a starting point and attempts are
made to climinate its weaknesses by drawing on ideas fiom other transmission designs.
Relating to this concept a Subaru manual transmission is sct in current project as a starring
point. Since this type is a available in our workshop and its gradual development is so slowly
if compared with the other modern types, figure 1.3 represents a five speed front wheel

drive, transverse engine beside longitudinal transmission that Characterize this type.

Figure 1.2 transmissions from engine through gears




' Crowm and First Second Third
‘ pimon =ear fenr gear

Fourth Fifth
gear gear

Roller Input shafl Case Reverse ‘
Bearing

Figure 1.3 Subaru manual gear transmission




Chapter two: Gear transmission design

2.1 Terminology:

» Diametral pitch (dy); The number of teeth per one inch of pitch circle diameter.

¢ Module. (m): The length, in mm, of the pitch circle diameter per looth.

» Circular pitch (p): The distance between adjacent teeth measured along the at the pitch
circle diameter

s Addendum (h,): The height of the tooth above Lhe pitch circle diameter.

e Centre distance (a) The distance between the axes af two gears in meésh.

e Circular tooth thickness (ctt), The width of a tooth measured along the are at the pitch
circle diameter

¢ Dedendum (hf): The depth of the tooth below the pitch ercle diameter.

o Cuiside diameter (D). The outside diameter of the gear

» DBase Circle diameter (Dy). The diameter on which the involutes teeth profile is based.

s Pitch circle diameter (p): The diameter of the pitch circle.

e Pitch point: The point at which the pitch circle diameters of two gears in mesh coincide
¢ Pitch to back: The distance on a rack hetween the pitch circle diameter line and the rear
face of the rack.

¢ Pressure angle: The angle between the tooth profile at the pitch circle diameter and a
radial line passing through the same point.

e Whole depth The total depth ol the space between adjacent teeth.

2.2 Design Process:

To select gears from a stock gear catalogue or do a first approximation for a gear
design select the gear material and obtain a safe working stress | e g. Yield stress / Factor of
Safety /Safe fatigue stress.
¢ Determine the input speed, output speed, ratio, torque to be transmitted

&




« Sclect materials for the gears (pinion 1s more highly loaded than gear)

o Delermine sale working stresses (LIS /actor of safety or yield steess/factor of safety or
Fatiguc strength ¢ Factor of safcty )

o  Determine Allowable cndurance Stress Se

» Select a module value and determine the resulting peometry of the gear

¢ Use the Lewis formula and the endurance lormula te catablish the resulting face width

o II the gear proportions are reasonable then - proceed o more detatled evaluations

o I the resuliing face width is excessive - change the module or material or both and start

again

The gear face width should be selected in the range 9-15 x module or for straight spur
gears-up Lo 60% of the pinian diameler.,
I'he angular veloeily ratio {speed ratio) is definad as:
MG =|wP/iwg = Ng/NP =dg/dp (2.1)
The center distance is:
CD=(dp+da2)=1p+rg (2.2)
Increasmg the center distance merease Lhe pressure angle and also inerease the pitch cirele

diameter.
1.3 Interference:
Interference will oceur preventing rotation of bathe mating gears.

I hie smallest number of teeth on spur pinion which can drive a gear without interference 13

oiven by

W 2k [ I _ S s o
(Np)min = i on N |,‘rnL-L —ym s —{1+2m_ kin ‘d:-J (2.3)
Whaere:

() Pressure angle (ir most cases () =20 deg).
= 1.0 for full depth teeth.
= (.8 for stub teath.

my, =N_IN (2.4)



The largest spur gear with a specificd pinion that is interference free is:
N:‘ e _4#'

(Nk] T _F‘Si'u -;ﬁ g,

T 4k—2N sin’ ¢
For 13 tooth pinion with 20 degree pressure angle
() = (13) sin*20- 4
R 4 2(13)sin” 20
=16.45
= 16 teeth

If the denominator of the above equation is wero

4k —2N _sin’ =0
Then:
[N.g }“m =&,

‘T'his means that the diameter of the gear is very large dg = .
The smallest spur pinion that will operate with a rack without interferenee is given by
4&'—2Nﬂ_sin"'1 p=0—>N = ‘H—

2gin ¢
For 20 deg, pressure angle full depth tooth, the smallest number of pinion teeth is;
(i, =l

 =——r _=17.1 =18 teeth
min 3 4in® 20

Table 2.1 Standard and commonly used tooth system for spur gear

(2.3)

(2.6)

(2.7)

(2.8)

(29)

l'ooth svstem Pressure angle (deg) Addendum ' Dedendum —‘

Full depth 20 1/Pd or Im 125/ Pdor |
135 /Pd or 1

e L/Pdor Im 125 /Pdor |

"2 135 /Pdor |

25 1/PdorIm 1.25/Pdor1
1.35/Pdor ]
Sub 20 0.8/ Pdor(.8m 1/Pdaorl




Tahle 2.2 Standurd tooth proportion for helical gears

Quantity Formula
Addendum 1.00
PF
Dedendum 1.25
5
Pinion pitch diameter N,
I cosy
sear pitch diameter N,
P, cosyr
Normnal are teoth thicknesss z B,
P2
Pinion hase dizmeler deoso,
Gear base diameter i Dieoso,
Base helix angle

an ™ (tanfanye. )

External gear

Standaord center distance D+d

R

Gear outside diameter D+2d
Pinion outside digmeter  d+2a
B Gear root diameter n b
Pinion raot diameter d-2b

2.4 Gear Tooth Failure NMechanisms:

The primary [ailure mechanizms for involute gear teeth are:
1) Fxcessive bending stresses at the basc of the tooth.

2) Excessive bearing or contact stress at (he point ol contact.

9




The American Gear Manufacturers Association (AGMA) has developed standard methods for

addressing hoth failure mechanisms.

1.5 AGMA Mablications:

Standard 1010-95, Nomenclature of Gear Tooth Failure Modes, AGMA. Alexandria, VA,

1995.

Standard 6010-08K, Standard or Spur, Helical. Herringbone and Bevel Enclosed Drives, AGMA,
Alexandria, VA, 1989,

Standard 2001-CY93. I'undamental Rating Factors and Calculation Methods for Invalute

Spur and Helical Gear Teeth, AGMA, Alexandriaz. VA, 1994,

Standard 908-B8Y, Geometry Factors for Determining the Pitting Resistance and Bending
Strength of Spur, Helical and Herringhone Gear Teeth, AGMA, Alexandria, VA 1989,

2.6 Lewis Equation

Pregsure line

Figure 2.1 tooth profile.
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i (2.10)
Tfe
M=W.L (2.11)
LI (2.12)
e |2
bt (2.13)
Z i)
‘-ﬂ (2.14)
bt
a4 =[ﬁ\'[ = "'_J (2.15)
b t'/6L | b At'/41. ) 4/6
el (2.16)
v 12
i':
X=—0 (2.17)
4L
W VAN 1P
“=ii]f!}\ 1- [PW (2.18)
\ b .'I'x:{)\b},-" P;
Ty :
== Lewis lorm factor (2.19)
= AP
o W (2.20)
hpy
I’= diametral pitch = a/p (2.21)
Y=ny (2.22)
S (2.23)
FY

Table 2.3 values of the Lewis form factor Y:

[ Number of teeth | ¥ Number of teeth -

12 0.245 238 (L353 '
I 13 0.261 30 0.359

14 ' 0277 34 0371

15 0,290 38 (L384 |

11



L6 0.296 43 0.397
17 0.303 50 0.409
I8 0.309 a0 0.422
19 0314 75 0.435
20 0.322 100 0,447
21 0.328 150 0.460
2 ' 0331 300 0.472
24 0.337 400 0.480
i 26 0346 Rack 0.485

Table 2.3 for the values of the Lewis farm factor (this value for normal pressure angle of 20
degree, full depth teeth).

2.7 Dynamie effect:

When a pair ol gears is driven at moderate or high speed and noise is generated it's certain
that dynamic effeet is present.
One of the sarliest efforts to account for an increase in the load due to velocity employed a
number ol gears of the same size, material, and strength.
Scveral of these gears were lested to destruction by meshing and loading them at zero

velocity.
Rarth equation:
s didld (Cast iron, cast profile) 2.24)
600
. . ;
K, = 1200+¥ (Cul or milled profile) (2.25)
1200

V: is the pitch line velocity in feet per minute

i 50
Rev?
K= TR -l?-ﬂﬁ.ip' (227




In 81 unir;
3051 F : . o
Ky = Tﬁl_r (Cast iron, cast profile) (2.28)
=
K, = 5_1';1 (Cut or millsd profile) (2.29)
861 AT e
K, = 3—3- -I_{;' : (Hobbed or shaped profile) (2.30)
5364 JF
Ky = W,I"J{'% (Shaved or ground profile) (2.31)
| S0
Where V 11 (m/s)
T
Tn (2.32)
by

| ke metric version of this equation is

K, W
7=

2.33
b o=tok

Whers the face width b and the module m arg both in mm, expressing he langential
component of load m Newton's, then results in stress units of mega Paseal (Mpa).

As general rule, spur gears should have a face width b from 3 to 5 limes the circular pitch.

2.8 Surface durability:

=2l
mees 'ﬂtrl

- Where:

P

(2.34)

P = largest surface pressure.

= force pressing the two cylinder together,
= length of cylinder,

b= fare width, snd we abtained from:

aFfii-v Vel i-vbe ° ey
bz{:ﬂ[ )| e

Whers:




vi, 2, El, and E2 are the elastic constanl.
dl, d2 arc the diameters of the pinton and gear
The surface compressive stress 15 found from equation:

g1 | ]
= W fl oM :lrl-f;) = (2.36)
TFcosp [[. =¥, | F.]J+ =¥, Il-_]

il

Whére:

rl, r2 are the instantaneons values of the radios of curvature on the pinion and gear tooth

Profile respeetively at the point of contact and find as ;

d_sin _si !
r =t o . = DO (237)

Where o is the pressure angle and dp and di; are the pitch diameters of the pinion and gear,

respeetively.

The-elastic coefficient Cp:

- SN o
DR ;ﬁ[L_L J (239)

2.9 The AGMA equations:

P, K. K, l
A

| K K |
b, Y, ‘

‘w RORK,

=i (2.40)

‘w-}:nml{’

F : face width (b}

K i is the over load factor.



E‘CE : Bzelactor,

F{m' Liad distnhubtion faclor.

K v Dyname fuclor

Ky ¢ 15 the rim thickness factor.
1 Geometryfactor for bending strength.

?'d s lransverse Diametral Pitch 0 N /d,

d :Pirch Diamerer.

Wi @ Tangential transmifled Load.

mt: is the transverse metric madule.

The fundamental equation for pitting resislance (contact stress) is:

K O
S0 ,’W'Kal{‘.l{q —d";_Tf
O, = "% (u. s customary units & S unit ). (2.41)
{ K, Z
Z. | WE KK, Lok
N i “d b 7,

W s fzngential trumsmilted lead.
F :facewidth (b).
o 18 the over load factor.
Kq s Size laetor,
Km ¢ Load distribulion [actor.
K, :Dynamiefactor,
Cp (£E): 5 an elastic cosfiiczent ,u'rN;“ mm \'."Ihf;“in’
C ((£R}:1s the surface condition factor,
dp (dwl): 1s the pitch diameter of the pinion ().

1 (Z1)is the geometry lactor for pitting resistance.
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Figure 2.2 Allowable bending stress numbers for through hardened steels,

Girade 1: 13 the basic or standard material classification.

Grade 2: requires berter than normal micro structure control.

2.9.1 Geometry Factor 1 and J:

he Lewis cquation factor v is used Lo introduce the effect of twoth form utto he stress
EqUITNON.
The determination of the AGMA factors Tand J depend upon the face contact ratie mb . ths

i= defined as ;

mp = - (2.42)
Py
Whers:

Py is the pitch and F 1s the face width

(For spur gear mF =0 & helical gear mF = 1).

16



2.9.2 Bending strength geometry factor J:

The AGMA factor J employs a modified value of the Lewis factor.

The futigue stress concentration factor Ky, and tooth luad sharing ratio my resulting equation
for T is:
fes

K.m,

(2.43)

The factor of Y is not Lewis factor, the value of v oblained [rom generated layout of the tooth
profile and is bascd on the highest point of single tooth contact.
The factor Kris called the stress correction factor by AGMA its based on the formula
deduced from photo elastic investigation of stress concentration in gear teeth over 30 years
ago .

The load sharing ratio my is equal o the face width divided by the minimum total
length of the lines of contact, this factor depend on:

e The transverse contact ratio mp.

'The face contact ratio mg.

e The effect of any profile modification.

The tooth deflection for spur gear my = 1.

The figure below used to ebiain the geometry factor J for spur gears having a 20 degree
pressurce angle and full depth teeth.

17




=5 == e == R O L ) I V) s
o e L € AR 1 10 i
0.60 [ Pinion addendum 1.000 -1 +— _ -
<ol 573 Gear addendum 1.000 |Lonad applied ot highest pount
= = of single-tuoth conlal
355 : = L8000 =
— B o =
050 S === =
o= S e o
= 45 1 T F‘,p’r jf"r"‘ 17 =
3 ol t H o o e e [
g 040 = e e
4 A ] —— Ivumber of teeth
E = = 1 e | L .
B agal — in mating pear
& T
0.30 == === _
- t = 1 T ——
025 f__,-*"’: L= o T - Lﬂ:}dalppliedm ap el ooth
020 = HHH = '
12 IS 17 20 24 30 35404535060 50 125275 =

Number of weeth for which geometry factor is desired
() 2 spur gear: sundard addendem

Figure 2.3 the geomelry lactor J.

2.9.3 Surfact sirength geometry factor I:

[s also called the pilting resistance geometry factor by AGMA

| coso s, M,
dm, m

r exlemal gear
B
cos@.sing, M,

«» internal genr!
| 2m, m. -1

P

(2.44)

Where m, =1 lor spur gears.

18




Where:

d: is the pitch diameter,
N: 15 the number ol leeth.
P: i3 the diametral pitch.

dn
12

Where:
V: Piteh line velocity.
n: number of revolutions.

' . P K
Gziwlk"““ﬁﬁ F m.li}

Where:
W' Tangential transmitted Load and found by:

33000011
v

w!

2.%.4 Dynamic factor K_:

A+ 200V |
=

A=5014506(1-B)

B=025(12-0,)"

Where Qv is the end point of the (}v curve.

14
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(247

(2.48)

(2.49)

{2.50)

(2.51)




Pitch line velocity, mix

fl e 20 30 40 50
| | 1 | i I |

Dynamic fachor, K,

Pitch lime wvelogity, v, . fiimin

Figure 2.4 (), curve.

2.9.5 Over load factor Ko

Tabhle 2.4 Load factor value;

Driven Machinc

" Power souree | Uniform Moderate shock Heavy shock
' Uniform | 1.00 1.25 .75
Light shock | 1.25 1.50 2.00
Medium shock 1.50 1.75 225

2.9.6 Size factor Ks:
Rellects non uniformity of material properties and equal (1).

It depends on:

20



Tooth size.

Diameter of part.

Ratio of tooth size 10 diameter of parL
Face width.

Ares ol slress patiern.

Ratio of case depth to tooth size.
Hardcn ability and heat treatment.

2.9.7 Load distribution factor Km:

Km=14¢, [c C +C.C,) (2.52)
Where:
1 i teelh A
o :J for uncrowned tee 2:53)
* 0.8 for crowned teeth
A D025 F=lin
1{kd
Cy =4 —}' -0.0375+ 00125k 12F<17in (2.54)
104
1% —0.1108+ 0,0207V - 0.000228F* 17< F<4bin
[ o .
‘ | for straddle mounted pinion with ?5 0.175
Cpy =1 : (2.55)
ll.l for straddle mounted pinion with q—' >0.175
¢, =A+BF+CI° (2.56)
Tahle 2.5 values of A, B and C can found from table below:
Condition l A B @
| Commercial, enclosed usit 0.127 0.015% —0.930(10™)
Precision enclosed unit 0.0675 0.0128 —0.926(107")
Extra precision enclosed gear un 0.00360 0.0102

—0.822(10 ™M) |




[0.8 Jor gearing adusted at assembly or comparibility

£.= i i (2.57)
l] Jor all condition
KB = is the rim thickness factor and found from:
2.242
[I G In my <1.2 .
== ~I 15T {ESH}
1 my, =12
2.9.8 AGMA bending endurance strength:
. v
0 -t_:——, = (2.59)
- 5. KK,
Where:
8, + s the allowable bending stress ( N/ mm*),
¥y = 7s the stress eycle factor for bending stross.
K, : is the temperature factor.
K, s the reliability factor.
Se +isthe AGMA factor of safety.
1.9.9 Bending factor of safety:
g, = WK Ky ) (2.60)
o
2.10 Bevel gear:
Fundamental contact stress cyuition:
. iz
(1000W! b .
Gy =7 K KR 2T (2.61)
] b \ bdZ, ATV HE ,]



We will use 6 For contact stress to remain consistent with our notation.

Permissible contact stress number (strength) equation:

@ frime Lo 2w

(41 - )
= RK 7 Sl
2.11 Bending stress:
1000w K K, Y, K
Gy =—— ARy T (2.61)
b m, Y.Y,

Permissible bending stress cquation:

ﬁi"m'.: YH'_
ﬂ.“ = —— 2.6‘2

: 5karY: { .Il

2.12 AGMA eqgualion factors:

2.12.1 Overload factor K, (K,):
The overload fictors makes allowance for any externally applied loads in excess ol the

nominul transmitted load, the appendix gives the overload.

Table 2.6 overloads factors:
d Character of load on driven machine
| Character ol prim Uniform | Light shock Medium shock Lleavy shock
mMOVEr
Uniform 1.00 125 1.50 1.75 or higher
Light shock 1.10 1.35 1.60 1.85 or higher
Medium shock 1.25 1.50 1.75 2.00 or higher
Heavy shock 1.50 1.75 2.00 | 2.25 or higher




2.12.2 Dynamic factor K

The dynamic factor mukes allowance for the effect of gear-tooth quality related o

speed load.
.}
" [A+J20Dvﬂ ]
N e
A

A=50+56(1-58)

B=025(12-0Q,)"

v, + is the pitch line velocity at outside pitch diameter.

v, = 5.236(107)dn,

The maximum pitch line veloeity is associated from curve in fipure 2.4

_la+lq, -3l
e 200

2.12.3 Size factur for pitting resistance C (£ )

0.5 b<12.7mm 1
R 000492 b+ 04375 127 <h=114.3mm
1 b>114.3mm ]

2,12.4 Size factor for bending V',

0.3 m, <1.6mm |
¥ 0.4867 + 0.008339m,, 1.6 <m, <50mm|

4

(2.63)

(2.64)

(2.65)

(2.66)

(2.67)

(2.68)

(2.69)



2.12.5 Load distribution factor K,

K =K +5.6(107)0° (2.70)
Where:
1.00) both member straddle - mounted
K., =+110 one member straddle - mounted (2.71)
|1.25 niether member straddle - mounted

2.12.6 Crowning factor for pitting (7

The teeth of most hevel gears are crowned in the lengthwise direction during

manufacture to accommaodate to the deflection of the mountings.

(1.5 praperly crowned teeth [ s
C i = (4'-.?2-'
= 120 or larger uncrowned neeth[
2.12.7 The lengthwisc curvature factor for hending strength X =1
Ke=Ysl (2.73)
2.12.8 Stress cycle factor for pitting resistance £
5 {2 10" <n, <10 | e
W ampnin 00 10' £, <10" o
2.12.9 Stress cycle factor for bending strength ¥,
27 10° <n, 210°
! G6.1514n """ 10° <, =3(10%) e
Fir =3 e : 4 ~ (2.75)
L6831n 0" )<k <10 general
1.3558n; W10°) < n, <107 eritical |

B
S ]



2.12.10 Hardness ratio factor Cy

Lo =148z /2, -1} : #, = 0.00898(H . / H ., ) -0.00829 (2.76)
The Cy; factor varies with pinion surface rougher [ and the mating pear hardness:

Z, =1+ 8.(450-H,) ; B, = 0.00075exp(—0.0122 1, {277y
Where:

f, = pinion surface hardness uin.
Hgz = minimum Brinell hardness.

2.12.11 Temperatare factor Kgy

[l D°C <6 <120°C .
K= | _ (2.78)
273 +.0) /393 8> 120°C
2.12.12 Reliability factor Cr and Kg
_ [0.50-0.25log(1- &) 0,99 <R <0.999 5%
" 0,70 - 0.15 log(l — R) 0.890< R <0.99 (sl

And the relighility of stress ({atigue) number allowable can he ablained (rom the table below.

Tuble 2.7 Reliability factors

Regquirements of application Reliability factors for stecl
I~ &R K
Fewer than failure in 10000 1.22 1.50
" Fewer than failure in 1000 | 112 1.25
Fewer than failure in 100 1.00 - 1.00
Fewer than failure in 10 0,2 (.85
Fewer than failure in 2 (.84 0.70




Fewer thao failure in 100 1.00) 1.00
Fewer than Bulure in £ i e 0.85
= |
Fewer than failure in 2 0.5 0.70
|

2.12.13 Elastic cocfficient for pitting resistance 7y

1
= - -
E |~J|| Jfl“ - 1".] L 2T (1 1_|_‘_3-} £ EJJ

(2.80)

Whieere:
. . . " 3
Zy =clastic cocfficient, 190N/ mm for sleel.

Fjand E: = young's modulus for pinton and gear respectively, Nimm,

2.13 Rolling Contact Bearings

Rolling contact bearings are usad to minimize the riction associated with relative

molion perlormed under load.

Bearing Nomenclature:




2.14 Bearing Life

When the ball or roller of rolling-contact bearings rolls, contact stresses occur on
the inner ring, the rolling element. and on the outer ning.
If a bearing is clean and properly lubricated. is mounted and scaled against the entrance
of dust and dirt, is maintained in this condition, and is operated at reasonablc
remperatures, then metal fatigue will be the only cause of failure.
Under ideal conditions, the fatiguc failure consists of spalling of the load-carrying

surlaces.

The ABMA (American Bearing Manufaclures Association) standard states that the
[ailure eriterion is the first evidence ol fatigue.

Bearings of the same Lype, size. and malerial will exhibit wide variations in life.

TLife: Number of revolutions (or hours of operation at design speed) of the inner ring
{outer ring is stationary) that a certain percentage of the bearings will survive at a known
load.

L4 Lite: Number of revolutions (or hours at constant speed) thal 10%% of the bearings
tested fail. (i.e.. 90% will survive). This corresponds 1o 90% reliability

Median Life: Number of revolutions (or hours ul constant speed) that 50% of the bearings
tested tail, (i.e.. 50% will survive). This corresponds to 50% reliability.

2.15 Statistical Nature of Life (Load/Life relationship)
Testing identical bearings at different radial loads:




Figure 2.6 Typical bearing load-life log-log curves

3 for ball bearing
= Ya : (2.81)
(3.33 for roller bearing

- Pil = {i}a (2.82)
L F,

7

2.16 Rated Load/Lifc Relationship

From the equation:
Lyl [% T (2.83)
Ly Cw
. [T
= []—’D} = F, (2.84)
il

Fy, — Desired radial load (Ibf or KN).

Cy = Catalog rating; to be calculated from equation (2.79),
Ly, = Desired Life (revolutions).

L= 106 revolutions (based on 90% reliabiliry).
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Loads are oflen nonsteady, so that the desired load is multiplicd by an application
factor 3y The steady load af Fp does the same damage as the variable load I'p does to the
rolling surfaces. Therefore, replace Fp by af I when calculating the bearing rating using

equation (2.79) this is necessary lor safety.

Table 2.8 load application factors.

Type of application Load factor
Precision gearing 10-1.1
Commercial gearing 11-1.3
| Applicalions with poor beating seals 12
Machinery with no impact 19-12
Machinery with light impact 12-1.5
Machinery with moderate impact 1.5-30

2.17 Bearing Selection procedure:

For ball or roller bearings subjected 1o radial load only with %0% reliability:
- Find the radial load on the bearing (Fp)
- Assume the desired Tife (Lp). This is our decision.
- Calculite the catalog rating g from equation (2.79)
- Check the bearing catalog and sclect the suitable bearing according to the dimension
requirement and the required rating Cyq calculated in the previous step.
- Also if the radial load and the bearing rating are known, then we can predict the life of the

bearing using equation (2.79) which can be rewritten as:

(2.85)
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| ife measure may be in revolutions or in hours such that:

To=ly 2N, =60 (2.86)
Tyl N 2 68 (2.87)
Where:

Ly : Rating life (revolutions).
Tg : Rating life (hours).

ny : Rating speed (rev/min).
L : Desired life (revolutions).
Lis : Desired life (hours).

np : Desired speed (rev/min),

the equation 2.7% can be rewrinen as :

L.n. 60
il [ e 288
» [Lnﬂﬂﬁﬂ] *o (2:88)

Shaits generally have rwo bearings (A and B)

Gear Shaft Bearing

na

Fipure 2.7 Reliability of the bearing pair on the shahl

The reliabilitv of the hearing pair on the shaft & is:




R=Ra Rp

(2.89)
In sizing bearings, one can begin by making:
R,=R; »R,=R; (2.90)

[Here R is given or assumed. Now R, can be inserted in cquation (2.81) to compute the

catalog rating of the required bearing

-, 8
C.,=F L _ (2.21)
4 D[’*u"’(ﬂ_xﬂxi_ﬂu)h

Where:

RD : Desired Reliability.

x0. 6, b are Weibull parameters:

() : minimum value of the variate (use x0=0.02).

B - Characteristic parameter corresponding (o 63.2% value of the variate (use B ~4.459),
b : shape parameters (use b=1.483).

Where the life ratio:

=t (2.92)

2.18 General Selection Procedure of Ball and Cylindrical Roller Bearings:

Casel: No thrust loading
1. Compute Fx and Fy by applying static equilibrium equations to the shaft supported by the
2. Find the resullant radial load,

LFE ]
[




F, = JEI +F; (2.93)
Ty =u,F, (2.94)

w :L_D = (2.95)

4. Calculate the required catalog rating:

G =F ‘ Yo = (2.96)
: I’_:{[,-F(H—K,_-,I_I—RDJ}"

§. Check the catalog and sclect a suitable bearing.

Figure 2.7 Radial and thrust load

Case2: Radial and thrust loading

I. Compute Fy and F, and ¥, by applying static equilibrium equations to the shaft supported
by the bearing. And calculate:

FaVFy (2.97)
2. Find the resultant radial load.



B = fF2 4 F] (2.98)

3. Assume the desired life (L) and Reliability (Rp)
Kp ==t (2.99)
4. Start with assumed Fe (sct the initial trial: Fe= Fr).

5. Compute C10 using..

G =T =0 ; -‘ (2.100)
X, +{@ - x, Nnl/ R, )

d

6. From 1able below, select a standard C10 and (0 aceording to the result of Step 5. (MName

them f.'1 [|i' and f__.'[;*.:l,

"Bore | OD | Width | Radius Diameter(mm) | Deep groove Angular contact
(mm) | (mm) | {mm) (mm) ds dy (o G, i C,

10 30 9 0.6 125 |27 507 |224 494  [212
12 |32 10 0.6 45 |28 68 |3.10 |7.02 305 |
15 35 1) 0.6 175 |31 780 |3.55 |8.06 | 3.65

17 40 12 0.6 195 |34 056 | 4.50 | 9.96 .75
30 |47 14 1.0 25 a1 127 620 |[133 6.35

25 52 15 1.0 0 47 | 140 695 |14 7.65

30 2 16 1.0 35 55  |195 |10 |[203 1.0

35 72 17 1.0 41 63 255 | 137 | 270 15.0
40 &0 18 1.0 36 72 W7 | 166 |319 18.6
ECRES 19 1.0 52 77 332 | 186 |359 21.2

50 40 20 1.0 56 82 351 | 196 |377 22%

55 100 21 15 63 %) a36 | 250 | 462 28.5

60 |110 |22 1.5 70 09 475 [280 |[559 355

&5 120 23 15 74 109 | 359 |340 [637 413

70 | 125 24 1.3 79 114|618 |37.5 |[689 45.5

75 130 25 15 86 119 663 [40.5 715 | 49.0




80 140 26 2.0 43 127 |[702 |450 [806 55.0
A5 150 28 2.0 99 136 g32 | 53.0 |904 63.0
9() 160 50 2.0 104 146 956 | 62.0 | 106 735

7. Check your selection: Find Fa/C0* then, from table, read e and read A2, F2

orread XL YL (if F_ /VF , < e)
(if F, /VF, > e)

8. Compule Fe using equation (2.)

XVF. ©YE for Sa-ge
T, = | (2.101)

LVF Y for s g
R RS

9. Recalculate Cyq (as expressed in step 5) based on the new value of Fe obtained in step .

10, T jg> Cro*. go to step 6; select higher Cg and 0 and conbinue. ..
If €14 Cy* (such thal Cyyis close to C™). stop and print the values of Ciy and Co.
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Chapter three: designs and analysis

3.1 Tntroduction:

In this chapter the first principal model of each part of the transmission will
ba simulated using ANSYS program (o ensure thal each part wath stand
circumstances and load applied in each process also stresses diagram will be
platted to more than path for every part Lo show regions of risks and stresses
intensities,

The criteria of analysis are different for each part with respect o the load
applied and the conditions of operating for it. The major criterion in the analysis
that will be done for each part is Von Misses criterion. Von Misses is used to
estimate yield criteria of ductile materials it's calculated by combining stresses in
twa or three dimensions. With the result compared to the tensile strenygth of the
material loaded in one dimension. Von Misses stresses is also uselul for
calculating the fatigue strength Von Misses criterion states thar the failure oceur
when the energy of distortion reach the same energy for yield/failure in the

umaxial tenswon.

L=l ]

!”_,_ wvon WMises

d_.-.i..t.-u i R

Figure 3.1 Von Misscs stresses
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Mathematically this is expressed as:
0.5[(61-02)H{oz-03) H65-01)" |<0,” (3.1)

Where oy, o7 o are the principal stresses, o, 18 the yield strength
Notice that which had been used in the analysis are mm for length, second for time,
Newton for force. N/mm® (Mpa) for pressure, Celsius for temperature. Also in

ANSYS figures the red color refers to tension and the blue refers 1o compression.

3.2 First principle model of each part :
the first principal model of each part which had been designed by CATIA and
SolidWorks programs is as the following :

this figure below shows the manual gear transmission

Figure 3.2 gear assembly




This designed gear consisis of five forward gears and one reverse | each of them

appears below:

Figure 3.3 [irsL gear

Figure 3.4 second gear
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Figure 3.5 third gear

Figure 3.6 fourth gear



Figure 3.7 fifth gear

Figure 3.8 reverse gear
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And here in the figures below bevel type gear for pinion and crown gears which
had heen designed bv Solid Works

Figure 3.9.a pinion and crown
The second figure here shows when sense command is used to determine the tvpe

ol the material used

zi!tﬂ%”‘

ﬁ| i )
Figure 3.9,b pinion and crown

'é;’
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And the rolling hearing tvpe appears in the Ogure helow:

Figure 3.10 rolling bearing
3.3 Analysis

The properties of the alloy structural steel which is used lor this design is as

tollows:
Density=7870 Kg/m’,

oy=1330MPa.
ar=1570 MPa
Passions ratio—0.3

Young modulus of elasticity=206 Gpa




3.3.1 Stress analysis first part

The analvsis include: Von-Misses stress, X- component, Y- component, 7-
component, stress intensity, XY shear, XZ shear and YZ shear. ARter the analyses
of the first models of the helical gear on ANSYS program the following results had

been got.

¢ Von-Misses stress

Figure J.11 Von-Misses stress helical gear

As the previous result shows, it has been noticed that the Von-misses
srress is 9TA 1 E3 MPa and it 12 lower than the vield strength of alloy strucrural
steel which equals 1350 MPa. Further more the maximum deflection in the gear is

Q.2AT(10°7) mm; which means that the sear can withstand this load safely.

43



X-component.

Figure 3.12 X-component of stress of the helical gear

4



Y-component

Figure 3.13 Y-component of stresc of the helical gear

L—component

Figure 3.14 Z-component of stress of the helical gear
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The previous three figures show the distribution of stress in X, ¥, and Z-axis; il

shows that the variations of stress in Y. £ axis are more tan X-axis

e Stress intensity

Figure 3,15 stress intensity of the helical gear
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o XY shear

Figure 3.16 XY shear of the helical gear

&7




o XJZ-shear

Figure 3.17 XZ shear of the helical genr

s Y7 -shear

Figure 3.18 YL shear of the helical gear



From the previous figures of the shear stress it can be concluded that the shear is
concentrated in XY plane, and in the other two planes has less values and less

concentration
3.3.2 Mechanical and thermal analysis

The analysis include: Von-misses strain, X-component, Y-component,
L-component, XY shear of total strain, XZ shear of wotal strain, YZ shear of wotal

strain, and strain intensity

e  Von-misses

——s B
S ontaed LSy Ay )
1 i!;!:r.iu'na.- Patylechnlc Universily
{PPU}
FaThe LinOTY kel e

P L NI o )




From this figure the maximum strain 1s 0.472(10™) and as it had been
mtroduced in appendix A the strain 15 0.000624; which mean that this strain within

the safe range

& X -component

Figure 3.20 X-component of strain of the helical gear




* Y -romponent

Figure 3.21 Y- component of strain ol the helical gear
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= 7 component

Figure 3.22 Z-component of strain of the helical gear

I'he previous three ligures show the distribution of strain in X, Y and 7-

axis; it shows that the variations of strain in Y, Z- axis are more than X- axis,

L
3



s XY -shear of total sirain

Figure 3.23 XY sheur of total strain of the helical gear
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¢« XZ shear of tolal strain

Figure 3.24 XZ shear of total strain of the helical gear
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¢ Y¥ -shear of lotal strain

figure 3.25 YZ shear of total strain of helical gear
From the previous figures of the shear strain it can be conclude that the

shear is concentrated in XY plane, and in the other two planes has less values and

less concentration.
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¢ Strain intensity

Figure 3.26 strain intensity of the helical gear
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3.3.3 Stress analysis second part:

The analysis include: Von-misses stress, X-component. Y-component. Z-
component, Stress intensity, XY shear, X2 shear, and Y7 shear, After the analysis
of the first madel of the spur gear on ANSYS program the following resulls had

been got.

* X-component

Figure 3.27 X-component of stress of spur gear

a7




¢ Z-component

Figure 3.28 Z-component of stress of the spur gear

The previous three figures show the distribution of stress in X, Y, and Z-axis; it

shows that the variations of stress in X, Z-axis are more than X-axis.

LA
==

&



Figure 3.29: XY shear of the spur gear

o N7 shear




YZ shear

Figure 3.31 YZ shear of the spur gear

From the previous figures of the shear stress it can be concluded that the
shear is concentrated in XY plane, and the other two planes has less values and less

concentration,

3.3.4 Mechanical and thermal analysis:
The analysis include: Von-misses Strain. X-component, Y-component, 7-
component, XY shear of total strain, X7 shear of total strain, YZ shear of total

strain, and strain intensity.




*  Von-misses strain;

Figure 3.32 Von misses strain of the spur gear
From the figure the maximum strain is 0,972(10%) and as it had been
introduced in appendix A the strain is 0.624(10™); which means that this strain

within the safte range,

s X-component :

Figure 3,33 X-component of strain of the spur gear
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* Y-component

Figure 3.34 Y-component of strain of the spur gear

s z-component:

Figure 3.35 Z-component of strain of the spur gear




‘The previous three figures show the distribution of strain in X, Y, and Z axis;

It shows that the variations of sttain in Y, Z-axis gre more than X-axis.

e XY shear of total strain :

Figure 3.36 XY shear of total strain




o X7 shear of total strain:

Figure 3.37 XZ shear of total strain of the spur gear.

o YZ sheur of total strain:

Figure 3.38 YZ shear of total strain of the spur gear.
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From the previous figures of the shear strain it can be concluded that the
shear ig concentrated in XY plane, and in the other two planes has less values and

less concentration.

¢ Strain intensity

Figure 3.29 strain intensity of the spur gear
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3.3.5 Stress analyses third part

The analysis include: Von-Misses stress, X- component, Y- component, Z-
component, stress imtensity. XY shear. XZ shear and YZ shear Afier the analyses
of the third models of the bevel gear on ANSYS program the following results had
been got.

&  Von-Misses siresy

Figure 3.40 YVon-Misses stress hevel genr

As the previous result shows, it hag been noticed that the Von-misses stress
i5 | 143 MPa and it is lower than the vield strength of alloy structural steel which
equals 1350 MPa. Further more the maximum deflection in the gear is 0.342(107)

mm; which means that the gear can withstand this load safely

(a%s]




& X-component,

Figure 3.41 X-component of stress of the bevel gear

*  Y-component

Figure 3.42 Y-component of stress of the hevel gear
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e F-component

Figure 3.43 Z-component of stress of the bevel gear

The previous three figures show the distribution of stress in X, Y, and Z-
axis, 1l shows that the vanations of stress in X, Y axsis are more tan Z-axis.

8 Stress intensity

Figure 3.43 Z-componen! of siress of the bevel gear

6R




» XY shear:

Figure 3.45 XY shear of ihe bevel gear

e X7 -shear:

Figure 3.46 XZ shear of the bevel gear
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s Y7 -shear

Figure 3.47 Y7 shear of the bevel gear

From the previous figures of the shear siress it can be concluded rhat the shear is
concentrated in YZ plane, and in the other two planes has less values and less

concentration.
3.3.6 Mechanical and thermal analysis
The analysis include: Von-misses strain, X-component, Y-component,

Z-component, XY shear of folal strain, XZ shear of total strain, YZ shear of total

strain, and strain mtensity.

T0




VY on-misses

Figure 3.48 Von misses totul strain of bevel gear

From this figure the maximum straim is 0.472( 10y and as it had been

introduced in appendix A the strain is 0.624(10™); which mean that this strain

within the safe range

X -component

Figure 3.49 X-component of strain of the bevel gear




* Y -component

Figure 3.50 Y- component of strain of the bevel gear

= 7. component

Figure 3.51 Z-component of strain of the bevel gear




The previaus three figures show the distribution of srrain in X, Y and Z-

axis, it shows that the variations of strain in X Y- axis are more than 7- axis.

¢ XY -shear of total strain

Figure 3.52 XY shear of total strain of the bevel gear

¢ X7 -shear of total strain

Figure 3.55 XZ shear of total strain of the hevel gear
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o Y7 -shear of total strain

figure 3.54 YZ shear of total strain of bevel gear
From the previous figures of the shear strain it can be conclude that the
shear is concentrated in YZ plane, and in the other two planes has less values and

less concentralion,

+ Strain intensity

Figure 3.35 strain intensity of the bevel gear
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Chapter four: Conclusions and Recommendations

4.1 conclusions

* A good base in the mechanical desipn calculations.

¢ A good knowledge in design considerations and consiraints.

o A zood base in CATIA, ANSYS, and SOLIDWORKS; the design begins
using CATIA and SOLIDWORKS and aller that this model 1s exported to
ANSYES for the analvsis.

s Many designs were made until the most optimized model was achieved.

»  More than one criternion was used lor the design such as von misses, shear

slress in the planes.
4.2 Recommendations
- e Wesmongly recommend providing a workstation in the university labs for
the design calculations because these software need computers with high

performance capacities to achieve correct and fasl calculations.

o We strongly recommend w replace the AutoCAD course with CATIA and
SOLIDWORKS for CAD and to insert the ANSYS as a university course.

e We also recommend providing independent hudget for scientific

researches aims o avoid the fund's problems occurred in the umiversity.
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4.3 Soltware to be used

4.3.1 CATIA

Why the CATIA program has been chosen for designing the manual gear
transmission’?
The decision was basad on the high resolution of the 3D parts produced and the case
to move from the 2D to the 2D region.
It works in the way vou think it should; you buy a block and start cutting, as opposed
to making 2 blocks and sublracting them (Boolean ) (AutoCAD),
[t can be used in mechanical design because it uses the finite element method, also the
software gives you the ability to assizn material properties (metal like stecl,
aluminum, ele. orother types of material such as wood. stone, ete. ). you can assign
property values to the materials used such as the young modulus, poisons ratio,

density, thermal expansion and yield strength,

When compared with AutoCAD you will find a big difference in the
reseluiton. In addivion AuloCAD does nel support mechanical analvsis on product, on
the order hand CATIA affords a high flexibility in 3D operations which are not
cnhanced in AuoCAD: where AuloCAD 15 essentially based on Boolean rules such as
subtracting onc objcct from another, CALA uscs the 1dca of material removal such as

pocketing.

Another feature in CATIA that has a huge effect on the desipn process is the
ability 1o adjust the 3T parts without much effort in redrawimg the parts from the

heginning,

Another imporiant thing when comparing the (wo software 1s that despite the
high ditference in resolution berween CATIA and AutoCAD the size of the AutoCAD
{iles 15 Targer than the CATIA files.
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4.1.2 ANSYS 9.0

ANSYS 15 a software package which used in finite element analysis, Its field of
use is large mncluding structural work. electromagnetic. fluid dynamies, thermal

amalysis. eto. ANSYS software is produced by ANSYS. Inc

he ANSY'S 9.0 will be used to make the analysis of the parts of the manual
Zear transmussion, so thal the material and geometry of each component will he

selected optimally,
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Figure 4.1 ANSYS Interface
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The ANSYS 9.0 program has a comprehensive graphical user interface (GLL)
that gives users easy, interactive access 1o program functions, commands,

documentation. and reference malerial.

ANSYS finite element analysis software enubles engimeers to perform the following

Lasks:

« Baild computer moedeis or tansfer CAD models of structures, products,
campanent, or Sysiens.

+  Apply operating loads or other design performance conditions.

o  Study physical responses, such as swess lovels, temperature disiributions, or
electromigenetic falds.

e (Optimize a design early in the development process to reduce production

cosls.

4,33 SOLIDWORKS 3D CAD

SolidWaorks is a 2D mechamcal CAL used by product designers and
mechanical engineers worldwide, its utilize a parametic feature-based approach to
creating madels and assemblies, allowing create aceurate 30 models that sutomate a

full range of desiun development process, reduce costs, and improve product quality.

SolidWorks software allows testing and revises produet designs casily, so design
work done 20-30% faster. SolidWorkse eagy to learn and use, it offers unmaitched
compatibility with AutaCAD software.

SolidWorks software allow preserving the value of the DWG data with the best
available tools for converting duta from 2D {o 3D, accommuodating reusable 2D
weometry, and enabling 4 smooth transition, including extensive Help documentation
for AuteCAD uscrs.
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434 MITCulc

Due to the presence of several correetion factors applied to Lewis stress
equations and the correction factors required for correcting strengrhs, gear design can
bacome guite unwieldy with out a compuler. so MITCulc is a system designed on
Microsoll Exeel being used to do all the caleulations. Tt is based on AGMA stress and

strength equarions that are explained in delails in chapter two.




Appendix




Calculation of the conventional design
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