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I. INTRODUCTION

A transmission or gearbox provides speed and torque
conversions from a rotating power source to another device
using gear ratios. The most common use is in motor vehicles,
where the transmission adapts the output of the internal
combustion engine to the drive wheels. In British English
term transmission refers to whole drive train, including
gearbox, clutch, propeller shaft (for rear wheel drive),
differential and final drive shafts. The most common use is
in motor vehicles, where the transmission adapts the output
of the internal combustion engine to the drive wheels. Such
engines need to operate at a relatively high rotational speed,
which is inappropriate for starting, stopping, and slower
travel. The transmissions are also on pedal bicycles, fixed
machines, and anywhere else rotational speed and torque to
be adapted. Often, a transmission will have multiple gear
ratios (or simply gears), with the ability to switch between
them as speed varies. The switching may be done manually
(by the operator), or automatically. Directional (forward and
reverse) control may also be provided. Contemporary
automobile manual transmission typically use four to six
forward gears and one reverse gear. Transmission for heavy
trucks and other heavy equipment usually have at least 9
gears so the transmission can offer both a wide range of
gears and close gear ratios to keep the engine running in the
power band. Some heavy vehicle transmissions have dozens
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of gears, but many are duplicates, introduced as an accident
of combining gear sets, or introduced to simplify shifting.
Generally tractor consists of gearbox with various
configurations like 6 forward and 6 reverse, 8 forward and 8
reverse, 12 forward and 4 reverse etc. The main objective of
Paper is Design and Duty Cycle Analysis Tractor Gear box
of 16 forward speed and 16 reverse speed.
|. PREPARATION OF LAYOUT

Given Layout consists of input shaft, lay shaft and output
shaft with number of gears mounted. First to fourth gears
are mounted on lay shaft while pinions of the same are
mounted on output shaft. Output shaft is followed by gear
train which is used to obtain high and low speed for every
gear step (i.e. 1% to 4™) as shown in figure below.

Fig.1. Schematic layout of 8 by 8 tractor gearbox
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Proposed layout contains two more pairs of forward and
reverse gear kept in adjacent to original reverse and forward
gear pair.

Il. GEOMETRY DESIGN

A. Design of Helical gear sets:[®!

Centre distance (C.D.) = 0.53/max.torque D)

No. of pinion teeth = 1 (2)
gearratio+1

No. of gear teeth = pinion teethx gearratio  (3)

Pinion diameter = __2XCD 4)

gearratio+1
Gear diameter = D = d x gear ratio ®)

Calculated bending stress

- F
_bx;ﬂn x K, x K, x Ky s x K, <Y <Y<Y xY o
(6)

()

Contact Stress = O =Zg0n,

Where,
Ka = Application factor,
K, = Dynamic factor,
Kug - Face load factor,
YF = Tooth form factor,
Ys = Stress correction factor,
Y - Rim thickness factor,
Y- Helix angle factor,
Y bt = Deep tooth factor,
Y = Life factor,
Y - Size factor,
Zy - Zone factor,
Zg and Zp, for helix angle= Single tooth factor = 1,
Ze - Elasticity factor,
Ze = Contact ratio factor,
Z z-Helix angle factor.

With help of above equations, following details of the all
gear set are calculated. %

TABLE.1.
GEAR GEOMETRY

Gear Zg Zp Normal Gear
Name module(mn) | Ratio
Reverse | 24 44 1.81 1.83:1
1 (new)
Forward | 31 37 2.39 1.19:1
1 (new)
Reverse | 22 37 1.81 1.68:1
Forward | 28 41 2.36 1.46:1
1% 42 14 2.91 31
2M 40 20 2.71 2:1

© 2015, IERJ All Rights Reserved

International Engineering Research Journal (IERJ) Special Issue 2 Page 4549-4553, 2015, ISSN 2395-1621

31 40 29 2.45 1.37:1
4" 34 35 2.45 0.97:1

B. Design of Shafts:

Torque transmitted by shaft is calculated by,

27N

Maximum bending moment, M is calculated by
considering all the forces in vertical and horizontal plane.
Equivalent twisting moment is calculated by,

T, =VM?+T? )
Finally diameter of the shaft is calculated by,®

4=z (10)

TXT
C. Ratios from epicyclic:

Epicyclic gear train is connected in ahead of output shaft
which gives low ratio of 4.09:1 and high ratio of 1:1.
Following table shows required conditions for getting low
and high ratios:

TABLE 2.
EPICYCLIC GEARTRAIN RATIO
Drive Sun Sun
Output Planet carrier | Planet carrier
Held securely | Annulus gear | Planet gear
Ratio Low ratio = High ratio =
i= 1+ ﬁ 11

S

I1l. GEOMETRY MODELLING

ROMAX DESIGNER is a virtual product development
and simulation environment for the design, analysis and
NVH exploration of the complete transmission — gear boxes,
bearings, drive trains and all components.™

Model generation and analysis has done in steps which
start with:

e Detailing of all the shafts which includes drive
shaft, main shaft, lay shaft and reverse idler shaft
details.

e Detailed gear geometry parameters including
position of each other.

o Detailed bearing specification and position of each

e Material selection for shaft and gears including
their heat treatment procedures.

e  Lubricant details to be specified
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. Standarc_i factors, gear quality grade and method of \Wheel 838.0679| N/A N/A NA | 8380679 | Pass
calculation. 3rd
e Duty cycle for gearbox which includes the driving
cycles of each gear for specified no of hours. \Wheel
Figure below shows an isometric view of Romax gearbox 2nd N/A 12541756 N/A 15.9231e7| 254.1756 |  Pass
model.
s YN 1000786 N/A [430377] NJA | 1020786 | Pass
que' N/A  [514.7906] N/A | N/A |514.7906 | Pass
Aen Na | NA | NA | NA | NA | Pass
Fig.2. ROMAX model — Isometric view ini
g Aen Na | NA | NA | NA | NA | Pass
Figure below shows an power flow diagram for 3™ gear in
forward. Pinion
4th 1377.4164] N/A N/A N/A [1377.4164| Pass
Forward -
PO 607.5992| NIA | NIA | NIA | 6075092 | Pass
Ol NIA - [127.0878) NIA [5.7401e7) 127.0878 | O
Forward ratio- - - Ratio- 8.26:1 -
1.46:1 1.38:1 :
Low Ratio- —
— DTN 340262 | N/A [12811e6] N/A | 34.0262 Pass
Fig.3. Power flow Diagram for forward 3" speed
Pinionl  \/a  |3515643 N/A | NIA | 3515643 | P
IV. DUTY CYCLE ANALYSIS AND RESULTS 1 : : ass
A. Contact and bending life: i
Table below shows gear summary or life summary for idler | N/A | N/A | NIA | N/A NIA Pass
required life when gearbox is running in forward 3™ gear
(low ratio) condition.
TABLE 3. _
CONTACT LIFE, BENDING LIFE, COMBINED LIFE B. Deflection Results:
- Figure below shows an deflection results of gearbox when it
. . . Combined ; P rd . -
Contact Life Bending Life Life is running in forward 3™ gear (low ratio) condition.
0]
D) o
il?
Gear ™ot | Right | Left | Right Pass/fail’ v
866,44
(hrs) 707 44
545.44
Wgee' NA | NA | NA | NA | NA | Pass 85,44
- 221.43
59.43
Wheell  \a | wa | WA | NA N/A Pass
8 -102.57
Wheelliasg 06160 NIA | N/A | N/A [1338.0616| Pass
-— Fig.4. Deflection results in X (mm)
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C. Duty cycle Safety factor Summary : Pinion 9 | >1000.0 | 12.161 | >1000.0 | 221.195
Gearbox 1:¥Worst Safety Factors PiniOn 8 >10000 9925 >10000 225760
Pr— Pinion 4 th[ 1.249 22.546 1.695 599.224
R N S Pinion 3rd| 1.137 | 20.297 | 1.433 | 530.651
T R S
| Pinion2 | 510000 | 0.94801 | >1000.0 | 1.296
Pricndde oo ien
i — """"""""""" -
B! s — P pinion Lst| 1249 | 13470 | 1102 | 437.402
H"u'ﬂ_ R
g Plarrgl gar 14 oeee foveieeias Pinion 1 >1000.0 1.067 >1000.0 1.823
Flans! gear 31 -
ol idler | >1000.0 | 9.643 | >1000.0 | 205.031
Yineel 1
wibesd 1 =i
hest 203 V. CONCLUSIONS
s This paper discusses in detail the design and duty cycle
‘whezl4 th - . .
ke analysis of gears and shafts also selection of bearing for 16
- forward speeds and 16 reverse speeds gearbox of tractor
S application. Given gear ratios are tailored specifically for
: . - - - tractor application. _
SatalyFacln 1. Gears are analysed for safety parameters like root
safety, flank safety and scuffing safety by using
B S Romax software.
) 2. Also gear pair meshing contact pressure and stress
] distribution was analysed.
Fig.5. Duty cycle safety factor summary 3. Factor of safety for all gear pairs are in acceptable
TABLE 4. range. ] ) )
DUTY CYLE SAFETY FACTOR SUMMARY 4. Shaft are analysed for its deflection, bending and
stress distribution.
G Safety Factor Safety Factor
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