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Abstract
This paper deals with designing of metallic & nonmetallic material helical gear pair which is used for steering system. Plastics
have found increasing use in automobile applications during the past 30 years. In this paper study review has be taken to
understand the different properties of nonmetallic materials which are having greater advantages over metallic material. The
nonmetallic material like Nylon 66 & DELRIN acetal are taken as gear material. Normally steel (EN8) material gear pair is used
in steering system. This paper is also deals with the percentage weight reduction in steering gear pair using materials like

Nylon66 & DELRIN.
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1. INTRODUCTION

In today’s era, the researchers from various automobile
industries are doing wide research in composite and plastic
material. So that, metal parts in vehicle can be replaced by
composite material or by plastic material. In vehicle gears
are used in the power transmission system and in the steering
system. Gears are generally made up of steel, cast iron, etc.
But recently composite and plastic materials were
used,because they having sufficient mechanical properties
like tensile strength, thermal strength, etc. These properties
are similar to the steel, Cl. Due to this reason metallic gear
can be replaced by composite or plastic gear. Nylon 66 is the
structure polymer material used for gears. But, polymer gears
are used for low duty applications.

2. PROBLEM DEFINITION

The designing of different type of metallic and nonmetallic
material gear pair to determine its strength under action of
actual working conditions which are considered form
specific automobile oriented case study.

3. LITERATURE STUIDED

Shekhar Pandurang Deokara, Ajay Kalmegh (2015) has
mentioned that when metal gears are replaced by plastic
gears in automobiles, appliances and machineries due to its
advantages of low cost, lightweight, low noise, self-
lubrication, less wear, economic considerations, simple
design and high production rate in manufacturing. Due to
thermal wear nylon 6 and nylon 66 both gears failed, hence
to overcome the problem of these gears the PA 46 is better
option due to its superior properties and it also meet extreme
performance challenges.

Laurentia Andrei, Gabriel Andrei, Alexandru Epureanu,
lulian Gabriel Birsan (2005) has concentrated on the plastic
gears. They are mainly designed in such way that, which can
replace the metallic gears by plastic gears, in order to
enhance their transmissible power. Virtual models are used
to investigate gear mesh, tooth deflections and strength, and
a comparison to standard spur gears is drawn in their paper.
Due to the complex gear geometry, a cutting process is
appropriate for the gear manufacture.

4. OBJECTIVE OF PROPOSED WORK

This case study is to design nonmetallic material helical gear
pair and to understand the different properties of nonmetallic
materials which are having greater advantages over metallic
material.

5. MATERIAL PROPERTIES

Before start to design any component one must know the
different material properties which will define various design
factors. The material properties of Nylon 66 material are as
follows,

Table-1: Specifications of nylon 66 material

Sr. | Parameter Nylon
No. 66

01 | Tensile Modules (N/mm?) 2930
02 | Tensile Strength (N/mm?) 82.7
03 | Flexural Yield Strength (N/mm°) 103
04 | Flexural Modulus (N/mm?) 3102
05 | Density (kg/m°) 1150
06 | Coefficient of Friction 0.25
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The material properties of DELRIN material are as follows,

Table-2: Specifications of DELRIN material

Sr. | Parameter DELRIN
No. acetal

01 | Tensile Modules (N/mm?) 6200

02 | Tensile Strength (N/mm?) 101

03 | Flexural Yield Strength (N/mm?) 110

04 | Flexural Modulus (N/mm?) 6400

05 | Density (kg/m®) 1420

06 Coefficient of Friction 0.2

6. DESIGN METHODLOGY

The following steel, Nylon 66 & DELRIN material gear pair
was designed as per AGMA standard.

Table-3: Specifications of steel gear pair
Sr. | Details Steel of Gear Pair

No Properties Pinion | Gear
61 Module [m] 2.25 mm

02 | Pressure Angle [@] 20°

03 | Helix Angle [¢] 30°

04 | No. of Teeth 06 |22

6.1 Bending Stress Equation for Steel (AGMA
Bending Stress)

K K P
o= Wt x Kox Kvx Ks x %x%

Here,

1. Force acting tangentially on pinion (W) = 174.73 N

2 Overload Factor Ko = 1.00 for light shock load from
standard table.

B
Dynamic Factor Ky= {AJ”TO V} (Kv) = 1.1

. Size Facto Ks= 0.904 (bxmx VY) *®% K= 1.1
5. Rim —Thickness Factor Kg = 1.6In (2-242/mB)

Kg =1.00
6. Load- Distribution Factor
Km = (Con) =1 +Cpe (CptCom + CpaCe) Ky = 1.1
Like this we get all the following standard factors.

Table-4: Specifications of the design gear pair

Table-5: Specifications of nylon 66 gear pair
sr. | Details Nylon 66 of Gear Pair

No. | Properties Pinion | Gear
01 Module [m] 3.00 mm

02 | Pressure Angle [@] 20°

03 | Helix Angle [¢] 30°

04 No. of Teeth 07 21

6.2 Bending Stress Equation for Nylon 66 Material
(AGMA Bending Stress)

o= Wt x Kox Kvx Ksx K"‘];KBXPTC

Here,

1. Force acting tangentially on pinion (W") = 174.73 N

2 Overload Factor Ko = 1.50 for light shock load from
standard table.

B
3. Dynamic FactorKy= { } (Kv) = 1.3381

. Size Facto Ks= 0.904 (bxmx VY) *®* Ks=1.118
5. Rim —Thickness Factor Kg = 1.6In (2-242/mB)

A+v200 V
A

Kg =1.00
6. Load- Distribution Factor
Kim = (Con) = 1 +Ce (CoeCom + CpaCe) K = 1.22
Like this we get all the following standard factors.

Table-6: Specifications of the design gear pair

Factor | K, | K, K J Pc | Kn | Ke
F

Value | 1.5|1.3381 | 1.118 | 2.28 | 0.224 | 1.22 | 1.00

Factor | K, | K, K, J P_C Km Kg
F

Value [1.0] 1.1 11 231 10236 |11 1.0

1.00 x1.00 7.068

2.31 30

0=174.73x 1.0x1.1x 1.1 X

o =21.61 MPa

1.2201 x1.2154 9.4241
2.2897 42

0 =174.73x 1.5x1.3380 x 1.11866 X

o =47.23 MPa

Permissible AGMA Bending Stress

oan = (103/ 2) x [1/ (1x1)]

6, = 51.5 MPa

Safety Factors (SF)

SF :MN{#, S, =103 MPa

Tensile / Yield strength for Nylon 66 material.

SF = (103*1/1*1) / 47.23
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SF=218~ 2.2
Then the design is safe.

Table-7: Specifications of delrin gear pair

sr. | Details Nylon 66 of Gear Pair

No. | Properties Pinion | Gear
01 Module [m] 2.5mm

02 | Pressure Angle [@] 20°

03 | Helix Angle [¢] 30°

04 | No. of Teeth 05 21

6.3 Bending Stress Equation for Delrin Material
(AGMA Bending Stress)

o= Wt X Kox Kvx Ks X @x}%

Here,

1. Force acting tangentially on pinion (W) = 174.73 N

2 Overload Factor Ko = 1.50 for light shock load from
standard table.

~—— B
Dynamic Factor Ky= {W} (Kv)=1.1

. Size Facto Ks= 0.904 (bxmx Y) *®® Kg=1.11
5. Rim —Thickness Factor Kg = 1.6In (2-242/mB)

Kg =1.00
6. Load- Distribution Factor
Kim = (Conf) = 1 +Cpe (CpeCom + Cina o) Ky = 1.00
Like this we get all the following standard factors.

Table-8: Specifications of the design gear pair

Tensile / Yield strength for Nylon 66 material.
SF =(110*1/1*1) / 36.125

SF=3.0

Then the design is safe.

7. RESULT AND DISCUSSION

Table-9: Different materials results

Parameter Steel | Nylon 66 | DELRIN

Bending Stress (N/mm?®) | 21.61 | 47.23 36.13

From above calculations we came to conclude that, the

following results are there.

1. The nylon 66 gear can bend at double loading condition
than that of steel gear.

2. As per the design calculation the nylon 66 gear can take
51.5 MPa load at same load that of steel.

Table-10: Weight Comparison in KG

Factor | K, | K, Ke |J P_C Km Kg
F

Value | 15| 1.1 11 | 230 | 0.262 | 1.00 | 1.00

1.00x1.00 7.86
2.30 30

0 =174.73x 1.5x1.1x 1.1
o = 36.125 MPa

Permissible AGMA Bending Stress

St YN

oan = (1107 2) x [1/ (1x1)]
o, =55 MPa

Safety Factors (SF)

SeYN
SF :@, S, =103 MPa

Parameter Steel Nylon 66 DELRIN
Pinion 0.124 0.032 0.05
Rack 1.4 0.115 0.562
Total Weight 1.524 0.147 0.612
3. Percentage weight reduction of NYLON 66 helical

pinion and rack is,

% weight reduction = Wsteel — Wnylon66 / Wsteel x 100
=1.524- 0.147/1.524 x 100
=90.35%

Here it is observed that from calculations of % weight
reduction, it is possible to achieve major objective of weight
reduction by using Nylon 66 which 9 times light weight than
steel. Total reduction of weight due to use of Nylon 66 is
around 1.377 Kg.

4. Percentage weight reduction of DELRIN helical pinion
and rack is,
% weight reduction = Wsteel — Wnylon66 / Wsteel x 100
=1.524- 0.612/1.524 x 100
=60.00%

Here it is observed that from calculations of % weight
reduction, it is possible to achieve major objective of weight
reduction by using Nylon 66 which 9 times light weight than
steel. Total reduction of weight due to use of Nylon 66 is
around 0.9144 Kg.

8. CONCLUSION

8.1 This paper suggests that based on design analysis
between steel, Nylon 66 and DELRIN one can use the non-
metallic material for automobile application.
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8.2 Byselecting appropriatenon-metallic material and by the
designing of gear as per standard procedure the percentage
weight reduction can also be achieved.

Prof. A. P. Kadam, Assistant Professor,
Department of Mechanical Engineering,
BVCOE, Kolhapur.
apkadam75@rediffmail.com

8.3 Since the bending stress level for Nylon 66, DELRIN is
more than Effective load on gear tooth and also factor of
safety for both bending stress is more than recommended 1.5.
Hence, the design is safe. Prof. D. G. Bhosale, Assistant Professor,
Department of Automobile Engineering,
Sanjeevan Engineering & Technology
Institute, Panhala, Kolhapur.
digvijay_bhonsale@yahoo.co.in

8.4 It also come to know that the weight reduction will help
to improve the performance of automotive application with
less cost. (If, the gears are produced in larger in quantity).
This case study will help to gives the idea of selection of
appropriate plastic material, so that it can withstand the
desired load and may use for various applications like
steering system gear box.
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