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This paper focuses on the design and contact stress analysis of a spur gear for
sugarcane juice extraction machine by changing gear face widths and three
different materials (ASTM A 220-99, ASTM A 536-84 and C54400). Gear
corrosion occurs at contact points as a result of bending stress and contact
stress. This is the major source of the gear failure of the sugarcane juice
extraction machine. This whole mechanism will be driven by a 1383W
capacitor-start induction motor according to the motor power selection. Pitch
diameters of 48 mm and module of 2.5 mm spur gear is selected in the design
of gear. In theoretical analysis, the Lewis contact stress equation is used. In
the numerical analysis, the geometry is created by SolidWorks software. The
minimum von-Mises stress and effective strain are found that on ASTM A 220-
99 material by using ANSYS 2020 R1 software. In this paper, von-Mises stress
and effective strain are analyzed by changing the face widths of gears to 13
mm, 15 mm, 17 mm, 19 mm and 21 mm and using finite element analysis
(FEA). Although all face widths are safe for this design, 17 mm is chosen in this
paper due to power consumption and strength points of view.
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A. Introduction

Sugarcane is a tropical grass that is the primary source of sugar production
worldwide. It's grown in tropical and subtropical regions due to its need for a warm
climate and plenty of water. The plant is known for its tall, jointed stalks which
contain a large amount of sucrose, making it ideal for extracting sugar and other by-
products like molasses and ethanol[1].

A sugarcane juice extraction machine is designed to efficiently extract juice
from sugarcane stalks. These machines come in various types and sizes, typically
consisting of rollers or crushers that press the cane to extract the juice. They are
commonly used in small-scale operations, such as juice stalls, as well as in larger
commercial settings[2].

Sugarcane juice is a refreshing, naturally sweet beverage made from pressing
fresh sugarcane stalks. It's popular in many tropical and subtropical regions due to
its delicious taste and health benefits. The main components of a sugarcane
extraction machine include rollers, spur gears, motor, metal frame and bearing[6].

Sugarcane is a species of tall, perennial grass that is used for sugar
production. Sugarcane contains important vitamins and minerals (iron, magnesium,
vitamin B1 and riboflavin). Sugarcane juice extraction machine has prominent
features such as beautiful shape, easy operation, low investment, and high
production juice[7].

Twin Screw
Adjustment Handle

Main Shaft 'ﬁ'/

Figure 1. Sugarcane Juice Extraction Machine

This machine employs spur pinions and gears to achieve a specific speed and
output capacity. There is transmission gear, spur gears and shaft.

The gears are generally used to transmit power and torque [8]. Surface wear,
tooth bending fatigue, contact fatigue, and scoring are the four main ways that gear
systems fail [9]. When the two gears come into touch at the contact point, a very high
stress is created that the material is unable to handle. The torque and power of a
spur gear are computed using the tangential force component. The gear receives
contact stress and bending stress because of the tangential load acting on the gear.
Gear failure occurs when contact stress on the gear exceeds the wear strengths of
the gear material; this is known as wear or cracking failure of the gear. The contact

https://doi.org/10.33022/ijcs.v15i2.5121 2271


https://doi.org/10.33022/ijcs.v15i2.5121

The Indonesian Journal of Computer Science

stresses were computed using the Hertzian equation and finite element analysis
[10].

B. Research Method

There are three steps to solve the spur gear set failure in the sugarcane juice
extraction machine. The first step is to design the spur gear and calculate the
equivalent stress and strain of the spur gear set by using Hertz theory and the Lewis
formula. The second step is to analyze the structural behaviors of the spur gear set
with ANSYS 2020 R1 software by changing materials and face widths. The third step
is to choose the suitable material and face width for the spur gear set.

C. Design Consideration of Spur Gears

The pitch circle of a spur gear is the circle that represents the size of the
corresponding friction roller that could replace the gear. When two gears mesh, they
have tangent pitch circles, and their points of contact are on the line that joins their
centers. The gear’s pitch diameter, Dp, is simply the diameter of the pitch circle
shown in Figure 2. However, because the pitch circle is located near the middle of
the gear teeth, the pitch diameter cannot be measured directly from the gear. The
number of teeth, Tg, is simply the total number of teeth on the gear [11].
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Figure 2. Teeth of Spur Gear [12]

Table 1. Specifications of Gears

Types of gear Number of Teeth, Ty Module, m (mm)
Pinoin Gear 1 16 2.5

Gear 1 32 2.5

Pinoin Gear 2 16 3

Gear 2 64 3

Gear 3 18 4

Gear 4 18 4

Gear 5 21 4

Gear 6 21 4

The whole mechanism was driven by a 1383W capacitor-start induction
motor. The motor speed (N) was 1450rpm, motor pulley diameter was 270 mm and
machine pulley diameter was 75mm. The speed of pulley and gears were calculated
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according to this velocity ratio Equation (1),

T, D
VR:T_ZZD_ZZ% )
1 1 2

Firstly, the pressure angle of the roller gear set (¢) is 14.5 and the velocity ratio
is the ratio between the velocity of driver and driven gear. They can be calculated by
using Equation (1). The pitch diameter of all gears can be calculated by using
Equation (2) [13].

Pitch diameter, Dp = Tgm (2)

The tip diameter and root diameters of the gears are shown in Equations (3)
and (4) [14].

Tip diameter, D, =D, +2m (3)

Root diameter, D, =D,—-2.5m (4)

The circular pitch (p) can be calculated from the number of teeth (N) and the
pitch diameter of a gear (Dp).

: (5)

The tooth thickness (t) is, t =g (6)

Table 2. Result of Spur Pinions and Gears

Speed, Pitch Tip Root Circular Tooth
Types of gear N (rpm) diameter diameter diameter pitch thickness
Dy (mm) Di(mm) Dr(mm) p (mm) t (mm)
Pinoin Gear 1 403 40 45 33.75 7.85 3.93
Gear 1 201.5 80 85 73.75 7.85 3.93
Pinoin Gear 2 201.5 48 54 40.5 9.42 471
Gear 2 50.375 192 198 184.5 9.42 471
Gear 3 50.375 72 80 62 12.57 6.29
Gear 4 50.375 72 80 62 12.57 6.29
Gear 5 50.375 84 92 74 12.57 6.29
Gear 6 50.375 84 92 74 12.57 6.29

Torque transmitted by gear (T) is 22.95Nm and the actual tangential tooth load
for spur gear (Wt) is 765.49N by using Equation (7) [15],
2T
Wt = D_ (7)

p

Contact Stress Calculation Using AGMA Equation

ASTM A 220-99, ASTM A 536-84, and C54400 are used for this research. These
three materials have good wear resistance properties, excellent machinability, and
tooth hardness. The mechanical properties of these materials are shown in Table 3.
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Table 3. Material Properties of Spur Gear [16]

Densi Vield Tensile Young's Poisson’s
Materials ), k /?;13 Strength Strength Modulus, ratio
P78 (SY)' MPa (Sut), MPa GPa
Cast Iron
(ASTM A 220-99) 7480 276 414 179 0.26
Cast Iron
(ASTM A 536-84) 7480 276 414 179 0.26
Bronze
(C54400) 7870 393 496 103 0.34

Table 4. Values of Parameters Used in AGMA Equations [17]

Parameter Symbol Value
Over load factor ko 1
Dynamic factor kv 1
Size factor ks 1
Load correction factor Crmc 1
Pinion proportion modifier Cpm 1
Mesh alignment correction factor Ce 1
Over load factor ko 1
Dynamic factor kv 1
Size factor ks 1
Load correction factor Cmc 1
Pinion proportion modifier Cpm 1
.. . b
Pinion proportion factor, C ; =——-0.025=-0.001 (8)
10D,
Mesh alignment factor, C_, =A+Bb+Cb*=0.3292 9)
Load-distribution factor, k, =1+C_(C,C  +C .C )=1.3282 (10)

The geometry factor Zi can be calculated as in Equation (11),
ZI:cos¢sm¢ VR ~013 (11)
2 VR +1

Zk is the elasticity coefficient can be written as in Equation (12) [18],
1

2

Z.= 1 =5.2664/MPa (12)

2 2
(t-n -7
E E

p g

Where y and E are the Poisson’s ratio and modulus of elasticity, respectively. The
following Equation (13) is the contact stress equation by AGMA standard which is
based on the Hertzian theory [19]:

o. :zE\/wtxkoxkvxksxk_th—R:7.114Mpa (13)
Db

p I
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Where ko, kv, ks, and kn are the overload factor, dynamic factor, size factor, and load
distribution factor, respectively. Firstly, face width (b) is 17 mm used and, Zgr, and Zi
are surface condition factor, and geometry factor for pitting resistance.

Calculation of Effective Stress and Strain

According to the Lewis formula, gear teeth are considered a cantilever beam
with a tangential tooth load, Wi, applied at the tip. The radial component is
negligible. The load is distributed uniformly across the full-face width. Forces due to
the tooth sliding friction are negligible. The stress concentration in the tooth fillet is
negligible [20]. The starting torque of the motor is 22.95Nm and the shear stress (
7,,) can be calculated by using equation (14).

16T

7,y =5 =0.0509MPa (14)

Principal stresses are,

o, :%(0'X +0'y)i%\/(ax +(fy)2 +4er2 (15)

o, =7.127MPa, o, =-0.0134MPa

von-Mises Stress or Effective Stress is,
1
o= i[(0'1 ~-0,Y +(0,-0,) +(0,—0,)’)* =7.134MPa  (16)

2

First principal strain is, & = %[O'1 ~u(o, +0,)]=4.321x10"° (17)

Second principal strain is, &= %[02 —-v(o, +0,)]=-1.002x107° (18)

Third principal strain is, &= %[03 ~v(o, +0,)]=-9.916x10° (19)
2 1

Effective strain is, £= [g(gf +e&l +&2)]P =3.711x10"° (20)

Calculation Contact Stress and Strain Using FEA

Stress state analysis of an elastic body with a complex shape, like a gear, is
frequently performed using the finite element approach [21]. In the numerical
analysis, structural behaviors (von-Mises stress and effective strain) of gear set are
analyzed by changing (13,15,17,19,21 ) mm face widths spur gears by using ANSYS
software. The solid model of (13,15,17,19,21 ) mm face widths spur gears set is
created by SolidWorks software. The 3D model of spur gear set is as shown in Figure
4. This geometry model is meshed with high smoothing shown in Figure 5. The
generated mesh is done by fine position to obtain the good quality of mesh and the
number of nodes and elements are 22926 and 4110, respectively.
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Figure 4. Geometry of Spur Gear Set Figure 5. Meshing of Spur Gear Se£

The boundary condition of the spur gear set is shown in Figure 6. The fixed point
is set at the hub of the driving spur gear, while frictionless support is applied to the
surface of the driven spur gear. The actual transmitted tooth load (Ft) of 765.492 N
is applied in the X-direction on the surface of the driving spur gear tooth, with a
turning moment of 22.95 Nm.

L.

Figure 6. Boundary Condition of For Spur Gear Set

L) a0 0%0(m)

After finishing, set up the boundary conditions on the spur gear set, run the
solution, and get the results for the structural behaviors of face widths gear set. In
the numerical analysis of (13,15,17,19,21 ) mm face widths gear set using (ASTM A

220-99)cast iron.
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Figure 7. Equivalent Contact Stress and Strain (ASTM A 220-99)

In the numerical analysis of a 13 mm face width spur gear set using (ASTM A
220-99) cast iron, the maximum von-Mises stress of the spur gear set is 297.65 MPa

and the maximum effectlve strain is 1. 492

nm
wmwn

!ml
(AN

wn
11505Mn

T r—

iqnlet Bute D

b

rn¢|

A

e

Luama

oy

Jomeo

vy
1 :

x10-3,

] Max

— Qo

o
(1]
Le7e Ma

&l

Figure 8. Equ1valent Contact Stress and Strain (ASTM A 220-99)13 mm face width

In the numerical analysis of 15 mm

face width spur gear set using (ASTM A

220-99) cast iron, the maximum von-Mises stress of spur gear setis 268.14 MPa and

maximum effective strain is 1.343x 10-3.
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Figure 9. Equivalent Contact Stress and Strain (ASTM A 220- 99)15 mm face width
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In the numerical analysis of 17 mm face width spur gear set using (ASTM A
220-99) cast iron, the maximum von-Mises stress of spur gear set is 247.42 MPa and
maximum effective strain is 1.238x 10-3.
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Figure 10. Equivalent Contact Stress and Strain (ASTM A 220-99)17 mm face

width

In the numerical analysis of 19 mm face width spur gear set using (ASTM A
220-99) cast iron, the maximum von-Mises stress of spur gear set is 240.67 MPa and
maximum effective strain is 1.214x 10-3.
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Figure 11. Equivalent Contact Stress and Strain (ASTM A 220-99)19 mm face
width

In the numerical analysis of 21 mm face width spur gear set using (ASTM A
220-99) cast iron, the maximum von-Mises stress of spur gear set is 221.81 MPa and
maximum effective strain is 1.126X 10-3.
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Figure 12. Equivalent Contact Stress and Strain (ASTM A 220-99)21 mm face

width

In the comparison of results for face widths spur gears set, the results of von-
Mises stress and effective strain of the (ASTM A 220-99) cast iron for the 21 mm face
width spur gear set are less than those for (13,15,17,19) mm face widths. So, the 21
mm face width spur gear set is more suitable of gear than the other face widths. This
can be seen in Table 5.

Table 5. Numerical Contact Stress and Effective Strain Result with Three Different

Materials
Parameter ASTM A 220-99 ASTM A 536-84 C54400
Von-Mises Stress [MPa] 247.42 256.65 265.87
Strain [x10-5] 1.238 1.343 1.425
Comparison of von-Mises Stress Comparison of Effective Strain
400 2
< o
¥ j
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P )
%]
200 = 1
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Figure 10. Comparison of Numerical Von-mises Stress and Effective Strain Result

D. Result and Discussion

In this study, spur gear sets with different materials and face widths are
investigated. This study contains the contact stress and strain results of theoretical
calculations and numerical work obtained from the AGMA equations and FEA,
respectively. The minimum values of equivalent contact stress (247.42 MPa) and
strain (1.238x10-3) are taken from ASTM A 220-99. In order to achieve the required
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objectives in this study, the five face widths of spur gear set geometry are changed
by using ASTM A 220-99.

Table 6 and Figure 11 show the comparison of numerical results of von Mises
stress and effective strain with different face widths (13 mm, 15 mm, 17 mm, 19
mm, and 21 mm). The maximum values are found in the 13 mm face width. The
minimum values are found in the 21 mm face width. It has been noted that when
face width increases, the maximum contact stress decreases.

Table 6. Numerical Contact Stress and Effective Strain Results by Changing Face

Width
Face Width (mm) Contact Stress (MPa) Effective Strain (10-3)
13 297.65 1.492
15 268.14 1.343
17 24742 1.238
19 240.67 1.214
21 221.81 1.126
Comparison of von-Mises Stress Comparison of Effective Strain
400 2
© (o)
o] ]
= 300 S 15
Py %
3 200 s 1
3 g
$ 100 v 0,5
2] ()
= £
& 0 § 0
g 13 15 17 19 21 = 13 15 17 19 21
Face Width (mm) Face Width (mm)

Figure 11. Comparison of Numerical Von-mises Stress and Effective Strain Result
(Different Face Widths)

E. Conclusion

The module 2.5 mm and pitch diameter 48 mm spur gear set is used for this
machine. The design of the gear set is expressed by changing three different
materials (ASTM A 220-99, ASTM A 536-84, and Bronze C54400). The finite element
method (FEM) is used to validate gear design calculations that are based on AGMA.
The maximum percentage error between the theoretical and numerical results is
about 5.3%. According to the results, the minimum von-Mises stress of spur gear is
247.42 MPa and the minimum effective strain is 1.238x10-3, which are found in
ASTM A 220-99. So, ASTM A 220-99 cast iron is chosen for the spur gear set.
Consequently, it can be concluded that the spur gear's design is safe in working
conditions. Moreover, it can be seen that the greater the face width, the smaller the
von-Mises stress. And the smaller the face width, the greater the von-Mises stress
and effective strain. So, the moderate value of face width (17 mm) is selected by
considering power consumption and strength points of view. When designing gears,
the choice of material and face widths are essential geometrical factors that affect
the condition of stresses.
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