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ABSTRACT

Polymer gears are used in power and motion transmission work under different loads and speeds. Polymer
gears find an edge over metals owing to its accuracy and finish but are severely influenced by loading rate.
Performance of the polymer base gears at different gear rotational speeds, load and velocities are reported in this
paper. Injection molded glass fiber reinforced Nylon, silicon carbide reinforced Nylon 6 and silicon carbide
reinforced Nylon 66 gears were tested at various speed and load levels in a test rig. The comparative analyses over
the three gears in terms of testing of speed, load and velocities reinforced Nylon 66 gears shows superior
performance over metal gears due its superior mechanical strength and wear testing properties.
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INTRODUCTION

Polymer composite gears find increasing application because of low material, manufacturing cost and
weight compared with the metal gears. However polymer materials suffer from poor mechanical strength compared
with metals. Reinforced polymers offer high mechanical strength it’s suitable for structural and load application. Its
permit fabrication of complex shaped products economically using injection molding process. Many Research
works have been performed on the issues related to the performance of polymer composite gears. In those articles
influence of reinforcement on the wear resistance, hardness of polymer gears is well discussed. Since many
polymer based gear derived from metal gear design. The non uniform transfer of torque causes dynamic loading
and leads to increased sound and vibration in the system. In conventional metal gear manufacturing processes like
gear hobbing and shaping, the gear blanked are mounted with the machine tool axis and hence obtaining concentric
features in metal gears is not difficult. This is not the case in the injection molding process, which is widely
employed in manufacturing polymer based gears. When reinforced gears are used in power transmission
applications and surface condition of gears play a major role in deciding the performance. The effect of
manufacturing errors and wear on transmission characteristics of polymer based gears was reported. Willliams and
Kleiss investigated the effect of lubricants on the accuracy of injection molded thermoplastic gears. No work has
been performed to understand the influence of gear rotational speed on wear of gear and gear performance.

This paper discusses the effect of wear performance of injection molded reinforced NylonSpur gears. Test
gears were run at differentrotational speeds, loads and velocities, performance and failure mechanisms are
discussed.

2. Selection of gear materials, design and
Processing
Gear Geometry Calculations
Module
Pitch diameter= 80 mm
No. of teeth=50
Module =Pitch diameter / No. ofteeth
=80/50=1.6 mm
Diametrical Pitch
Diametrical Pitch = No. of teeth/ Pitch diameter
=50/80
=0.625
Circular Pitch
Circular Pitch = (mx Pitchdiameter)/ No. of teeth
=(nx80)/50
=5.024 mm
Face width =14 mm
Tooth thickness=1 mm
Pressure angle = 20°
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Contact ratio = 1.785
Nominal backlash = 0.09 mm
The spur gear with above mentioned dimensions is shown in Fig .1.
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Fig.1.Spur gear dimensions

Gear materials and processing: Commercially available Nylon (30% glass filled)with 25% Sic, Nylon 6 with
25% Sic, Nylon 66 with 25% Sicwere used for injection moulding the test gears used in the current investigations.
The polymers were preheated at 350K for 4 hr prior to injection moulding to remove the moisture content. Test
gears were made using an injection moulding machine at the moulding pressure of 1x10°Mpa. The gear data and
location of the injection moulding are shown in Fig.2.Molded gears were dried at 330K for 20 min to remove the
moisture content. Test polymer base spur gear was mated against the hobbed standard metal spur gear.

]

Fig.2.Injection moulding machine

Fig.4.NYLON 66 + Sic Fig.5.NYLON (GF) + Sic
Based on the above mentioned composition ratios the following gears of various reinforced nylon materials were
manufactured.
Characterisation of gears
Wear Testing: A quick and easy method of measuring kinetic friction and sliding wear is pin on disc method. The
pin on disc tester measures the friction and sliding wear properties of dry or lubricated surfaces of avariety of
bulkmaterialsand coatings. The pin on disc tester consists of a rotating disc of the material to be tested against a
stationary sphere, usually made of cemented carbide, referred to as the pin.

Although the pin surface can also be wear and friction tested. The normal load, rotational speed, and the
wear track diameter are all is set by the user prior to the pin on disc test. The pin on disc test method has proved
particularly very useful in providing a simple wear and friction test for low friction coatings on machine
components, such as the valve train, particularly in motor sports applications.

These components are now coated with low friction coatings such as carbon to reduce energy losses and
the requirement for lubricant a pin on disc tribometer is the standard equipment used to determine the sliding
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friction coefficient and wear resistance of surfaces. The tester consists of a stationary "pin" under an applied load in
contact with a rotating disc. Either the pin or the disc can be wear and friction tested using the pin on disc tester.
The pin is usually a sphere however it may be any geometry that simulates the actual application counter surface.

The pin required for the pin on disc tribometer testing has been manufactured using injection moulding.
NYLON pins were produced using roller bush die and the cylindrical component was then turned using an engine
lathe to produce the test specimen whose dimensions are given by diameter 10 mm and height 25 to 40 mm.

The Pin on Disc machine is a versatile unit designed to evaluate the wear and friction characteristics .The
sliding friction test occurs between a stationary pin stylus and a rotating disk. Normal load, rotational speed, and
wear track diameter can be varied. Electronic sensors monitor wear and the tangential force of friction as afunction
of load, speed, lubrication, or environmental condition.

The specifications of the pin on disc machine used are mentioned below.

e Conforms to the specifications of - ASTM G99

e Sliding Speed Range : 0.26-10m/sec

e Disc Rotation Speed : 100-2000rpm

e Maximum Normal Load : 200N

e Frictional Force :0-200 N

e Wear Measurement Range s4mm

e Pin Size : 3-12mm Diagonal/dia.
e Disc Size : 160 mm x 8 mm thick
e Wear Track Diameter :10-140 mm

Various parameters are involved in the pin on disc wear test method. Based on our requirements we can

keep some of these parameters as constants and variables. The various parameters involved are,
¢ Sliding distance (Ds) inm
RPM (N) to be set
Sliding speed (V) in m/s
Track Diameter (D) inm
Friction Force (F) in N
Sliding time (T) in s
Load (L) in Kg
For the wear test on the polymer materials two sliding distance (500m & 1000m) and four different sliding
velocities (1 to 4 m/s) are selected. The track diameter is also kept constant throughout the test as 0.08 meters. The
RPM and the Sliding time to be set can be calculated for different variables using the formulae 1 and 2 respectively.
RPMtobeset, N=60V/nD ----- @
Sliding time to be set in seconds,
T=Ds/V ---(2)

The wear tests were performed on a pin-on-disc apparatus according to ASTM D3702. The specimen pin
(910 x 30 mm) was run against a polished steel disc, with contact load ranging from 1 to 4 Kg, and sliding velocity
from 1to 4 m/s.

Fig.6.Pin on Disc setup
During the test, the frictional coefficient was recorded and calculated by a ratio between the tangential
force and normal load. The reduction in the height of the specimen, measured by a displacement transducer, could
be used to characterize the wear process.
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Table.1.Time taken for each trial at different velocities

PARAMETERS VALUES
Velocity 1 m/s Distanceinm | 500 1000
(240 RPM) Time in minutes | 8.33 16.67
Velocity 2 m/s Distanceinm | 500 1000
(478 RPM) Time in minutes | 5.56 8.33
Velocity 3 m/s Distance inm | 500 1000
(716 RPM) Time in minutes | 4.17 5.55
Velocity 4 m/s Distanceinm | 500 1000
(955 RPM) Time in minutes | 2.08 4.17

The specimens were first run at 1 m/s speed for 500 m sliding distance and the wear was measured. Then
the same specimen was made to run at 1 m/s for 1000 m sliding distance and after that the velocities were increased
gradually from 1 to 4 and the wear was measured for both the sliding distance for all the specimens.

Dynamic Testing: The gears were assembled at a time in the lathe gear box and run along with steel gears as
shown in figure 7.Each pair of gears were made to run at 300 rpm, 420 rpm, and 550 rpm respectively. The total
test duration for each pair of gears was about 1 hour. Loading was done externally on the spindle (chuck).

Fig.7 Dynamic test
The torque developed was measured means of a torque meter. Then the pair of gears was replaced by
another pair of gears with different percentage composition of reinforcements and the tests were run once again
using similar procedure.First the Nylon 6 with 25% Sic, Nylon 66 with 25% Sic and then Nylon (30% of glass
filled) with 25% of Sic gears were tested.

RESULTS AND DISCUSSION

The results from pin on disc testing which was done to study the wear behaviour of the polymer composite
materials showed that the wear was less in Nylon 66 material when compared to Nylon 6 and Nylon (30% glass
filled).Dynamic testing was done to check the manufactured polymer composite gears performance in a real
application i.e. engine lathe gear box in this case. Running tests in lathe for about 2x10° cycles i.e. 5 hours
approximately showed no wear in both the materials.

The composite gear made of 75% Nylon 66 + 25% Sic did not show any such signs during running. It was also
noted that the composite gears were able to run at 600 rpm without any difficulty.

Table.2. Test results of wear and hardness

Description Nylon 6 + 25%Sic | Nylon66 + 25%Sic | Nylon with(30% Glass Filled) + Sic
WEAR loss in mg 0.00175 0.00125 0.00118
HARDNESS in shore ‘D’ 68 72 64

Hence it can be effectively concluded that the usage of polymer material and the addition of reinforced
material (Sic) did considerably improve the polymer gears strength and performance.

CONCLUSION

Polymer composite gears can fail in two ways: one by wear, the other by fatigue. Fatigue can be measured
directly by life tests, but wear needs to be continuously recorded. A unique test rig, which allows wear to be
continuously monitored has been successfully designed and applied in evaluating polymer composite gear
performance. It is very interesting to see the different wear, hardness and failure behaviour when running dissimilar
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materials, essentially when metal gear as the driver against nylon66 shows better performance when compared with
the other combinations. Although some initial findings have been carried out to understand nylon66 gear
performance and extend the gear application significantly.
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