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Abstract: This research is limited to study the wear resistance of cryogenically treated 20MnCr5 (SAE 5120) alloy steel, which has
wide application in industries like gears, shafts, bearings, pins etc. Cryogenics is used as a supplement treatment that is performed after
carburizing. The abrasive wear study is performed on pin-on-disc tribotester. The counter face disc was kept same for both the heat
treatments (carburizing and cryogenics).Sliding velocity of 0.8 m/s, 1.6 m/s, 2.4 m/s, Sliding Distance of 1200 m, 1400 m, 1600 m and

Load of 3 kg, 4 kg and 5 kg were used to evaluate the wear resistance.

Keywords: Cryogenic Treatment, Sliding Wear behavior, Alloy Steel

1. Introduction

The equation that relates the wear rate with the applied
load was at first established by Holm in 1940. This
citation can be found in Archard’s paper, which is
considered as the main reference for the modeling of wear
rate in sliding systems. Holm assumed the wear as an
atomic process. The wear rate (worn volume per unit
sliding distance) W is given by

Where Z is the number of atoms removed per atomic
encounter, F is the applied load, and P,is the flow
pressure of worn surface. Furthermore, the term Z can
only be interpreted as a probability of atomic removal. 1

This modeling depends on the kind of deformation
assumed for the asperities, which Holm considered the
plastic deformation as predominant for the material
removal. To this problem, Archard demonstrated that to
satisfy a linear relationship between the wear rate and the
applied load, some hypothesis on the shape of debris
should be made, which implies in a new comprehension
on the effective mechanism of material removal. 1

Greenwood and Williansom added to the Archard theory,
the nature of deformation, considering the heights of
asperities in contact. Their work and many others applied
a probabilistic approach for the roughness of Surfaces in
contact. However, there are few models with this
approach for the wear coefficient. 1

2. Archard Model as an Initial Value
Problem

The plastic contact area Aycan be defined as,

A = — 2

where F and p, were defined in Eq. (1). Following the
Archard model the worn volume V is given by,

V =kAyx 3
where k is the wear coefficient and x is the sliding
distance. Putting Eq. (2) in Eq. (3) one can obtain,

F
V =k —x 4
Py
On the other hand, the worn volume can be defined by the
following equation

V = Ah 5
where A is the apparent contact area and h is an
averageheight corresponding to the material removal.
Theidentities defined in Eqs. (4) and (5) lead to

P
h=k —x 6
Py
where p is the average normal stress. 1

Steel has many practical applications in every aspects of
life. The steel is being divided as low carbon steel,
medium carbon steel, high carbon steel, Low carbon steel
has carbon steel has carbon content of 0.15%-0.45%. As
the carbon content increases, the metal becomes harder
and stronger but less ductile and more difficult to weld

[5].

20MnCr5 (SAE 5120) categorized as the low carbon alloy
steel grade

Category Steel
Class Alloy steel
Type Standard

United States: ASTM A322, ASTM A331 ,
ASTM A519 , SAE J404 , SAE J770 , UNS
G51200

France: AFNOR 20 MC 5

Germany: DIN 1.7147

Designations

3. Cryogenic Heat treatment

Cold treatments or subzero treatments are done to make
sure there is no retained austenite during quenching.
Cryogenics is a relatively new process and to eliminate
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retained austenite, the temperature has to be lowered. In
cryogenic treatment the material is to be deep freeze
temperatures of as low as -185°C (-301). The austenite is
unstable at this temperature and the whole structure
become martensite. Cryogenics is a supplementary
process which is performed after conventional heat
treatment; the research includes the carburized heat
treatment followed by cryogenics heat treatment.

3.1 Sequence of the Heat treatment done on 20MnCr5

Sequence Process Temperature
I Tempering 150 °C, 4 hr
II Cryogenics | Cooled to -200 °C, 24 hr
I Tempering 150°C, 4 hr

4. Specimen and Tribology

Case carburized Specimens of 20Mncr5 are prepared for
25 mm length and 10 mm diameter. Combination of
Tribological conditions i.e. load, sliding velocity and
sliding distance were analyzed for studying the wear
property of the samples on Pin-On-Disc tribotester.
Material Samples were used as a Pin for the
experimentation and Alumina used as Counterpart (Disc).
Experiment is carried out for the three levels of load,

Sliding velocity and Sliding distance

Load (kg) 3 4 5
Sliding velocity (m/s) 0.8 1.6 2.4
Sliding Distance (m) 1200 1400 1600

Taguchi L9 array is selected for carrying out the
experimentation and weight loss in grams is measured

after every trial.

5. Taguchi L9 array

Sliding Sliding Material S/N
Load : . .
Velocity Distance loss ratio

3 0.8 1200 0.0034333 49.2115
3 1.6 1400 0.0030000 49.3738
3 2.4 1600 0.0024333 52.9357
4 0.8 1400 0.0045667 46.7097
4 1.6 1600 0.0030000 47.1824
4 24 1200 0.0017667 55.0538
5 0.8 1600 0.0057222 43.5311
5 1.6 1200 0.0037222 49.7191
5 24 1400 0.0031222 50.4098
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6. Results

6.1 Main effect Plots

Main Effects Plot for mean : Cryogenics sample
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From main effect plot it is observed load and sliding
distance has direct effect and sliding velocity has inverse
effect on material loss. Behavior of wear with respect to
load is in compliment with the findings of Xiaoliang
Shieta,Min-Soo Suh eta, H.X. Zhu eta, M. Singh eta.
Behavior of wear with respect to sliding distance is in
compliment with the findings of Yasin Alemdageta,Min-
Soo Suh eta, J.D. Bressan eta, Temel Savaskan eta.
Behavior of wear with respect to sliding velocity is in
compliment with the findings of Xiaoliang Shieta

6.2 Interaction Plot

Interaction Plot for Mean : Cryogenics sample
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Wear is reduced with increase in sliding velocity with
decrease in loading condition for different sliding distance
conditions. For different load a condition, wear is
increased with increase in sliding distance with reduces
sliding velocity. Time required for completing a particular
wear distance is reduced with increase in sliding velocity.
When load is 3 kg and sliding distance is increasing, wear
is decreasing. When load is 4 kg and 5kg and increase in
sliding distance, wear decreases initially and then
increases. Maximum wear is observed when sliding
velocity is at minimum and sliding distance is increasing
and minimum wear is obtained when sliding velocity is at
maximum and sliding distance is increasing.
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6.3 ANOVA Table
Source | D | Seq SS Adj SS AdjMS | F P
F

Load 2 | 0.01581 | 0.01581 | 0.00790 | 65.77 | 0.01

33 33 66 5
Sliding | 2 | 0.00580 | 0.00580 | 0.00290 | 24.16 | 0.04
Veloci 88 38 44 0
ty
Sliding | 2 | 0.03640 | 0.03640 | 0.01820 | 151.4 | 0.00
Distan 07 07 04 1 7

ce

Error 2 1 0.00024 | 0.00024 | 0.00012
04 04 02

Total 8 | 0.05826
32

S =0.0109640 R-Sq = 99.59% R-Sq(adj) = 98.35%

From table it is observed that the sliding distance is the
most effecting parameter followed by load and sliding
velocity.

6.4 Regression analysis

The relationship between the control factors Sliding
Velocity, load, Sliding distance and the output

performance wear are obtained by regression analysis.

Wear = - 0.00173 + 0.000629 Load - 0.00158 Sliding
Velocity + 0.000004 Sliding Distance

7. Microstructure

7.1 Raw Material

Raw material shows normalized ferrite

7.2 Carburized Sample

Carburlzed sample shows Low carbon tempered
martensite with bainitic structure& 5 % free ferrite is
observed in martensitic matrix.

7.3 Cryogenics Sample

8. Conclusion

e Cryogenics  heat  treatment  improves  the
microstructure and wear property of the material as
amount of free ferrite observed in cryogenics heat
treatment is less as compared into carburizing heat
treatment.

e  Minimum wear of cryogenically treated samples is
obtained when load is 4 kg sliding distances 1200 m
and sliding velocity is 2.4 m/s.
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