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ABSTRACT

This paper highlights the reduction of heat treatment cracks in the cylinder liners. Zyglo test was conducted
on the cylinder liners to obtain the attribute data. The effect of process parameters and subsequent reduction
of cracks have been performed by Taguchi method. The analysis indicates that the heat treatment time by itself
causes a change in the crack rate at the 90% confidence level. A confirmation test was also carried out to

validate conclusions drawn during the analysis.

1. INTRODUCTION

A true high quality product will have a minimal loss to
the society as it goes through its life cycle. If a product
does not perform as expected, the customer/manufacturer
senses some loss. After a product is shipped, a decision
point is reached; it is the point at which the manufacturer
cannot do anything to the product. Before shipment, the
manufacturer can use expensive or inexpensive mate-
rials/processes; but once shipped, the commitment is
made for the product expense during its life cycle.

The problem of cylinder wear in the engines is a very
acute one. The solution to this has been found in the use
of cylinder liners, which can be replaced when these are
worn out. They are made in the form of barrels from spe-
cial alloy iron containing silicon, manganese, nickel and
chromium. These are centrifugally. The cylinder liners are
further hardened by heat treatment.

The heat treatment process of liners to increase wear re-
sistance consists of hardening and tempering. Cylinder
liners machined to the point of finishing were given the
following heat treatment (old cycle):

Heat to 875°C in 30 minutes

Hold at 875°C temperature for 25 minutes
Quench into Oil (still) at 80°C

Cool

Temper at 210°C for 1 hour and cool.

The cylinder liners treated according to this schedule are
being used in diesel engines and heavy gas engines be-
cause of wear resistance superior to that of unhardened
ones. The old process was modified increase the produc-
tivity of liners and to reduce cracks in the liners due to
heat treatment. The new process is as follows:

Heat to 900°C in 30 minutes

Hold at 900°C temperature for 20 minutes
Quench into Oil (still) at 80°C

Cool

Temper at 210°C for 1 hour and cool.

An experimental study has been carried out to analyze the
performance of the new process of heat treatment devel-
oped for the cylinder liners. The performance of the new
process was evaluated in terms of cylinder liner cracks
using Taguchi method.

2. EXPERIMENTAL PLANNING

160 cylinder liners were used in the present investigation.
8 trials were employed with a sample size of 20 liners to
study the heat treatment cracks. Zyglo (Fluorescent-
penetrant) test was conducted to detect the cracks, if
present, in the cylinder liners.

2.1Zyglo Test: Liners to be tested are first treated with a
penetrant by spraying. The liquid penetrant is drawn into
cracks. After the penetrant has had time to seep in, the
portion remaining on the surface is removed by washing
with a cleaner. This leaves the penetrant in all cracks. The
liner is now treated with a developer. This developer acts
like a sponge drawing the penetrant from the crack and
enlarging the size of the area of penetrant indication. A
combination of red penetrant and developer is used.

2.2 Selection of Process Parameters and their Le-
vels: The process parameters that may cause cracks in the
liners during heat treatment are:

* Temperature

e Time (i.e. Duration of heating and holding)

e Quenching
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The upper and lower levels of parameters are given in
Table — 1. To investigate all the factors, two at a time, for
all possible combinations required six different experi-
ments with 24 different conditions. using Taguchi ortho-
gonal arrays (L8OA) all these aspects can be investigated
with only 8 different conditions.

Table -1
Parameter Levels

Parameter Unit Symbol Level1 Level2
Temperature “C A 875 900
Time min. B 55 50
Quenching _ C Still Oil  Oil Agitated

2.3 Assignment of Parameters to an Orthogonal
Array: The parameters were assigned to an L8 OA with
the assignment and experiment results shown in Table —
2. Twenty (20) cylinder liners were used for each of the
trial conditions.

Table-2
Cylinder Liner Cracks - OA Assignment

Parameters and Interactions

Trial A B AXB C AXC BXC AXBXC No. of Liners
No. 1 2 3 4 5 6 7 Cracked Good
1 11 1 1 1 1 3 17
2 T 9 T 2, 2 2 2 1 19
3 2 & i 2 2 2 18
4 i 2 & 2 @ 1 1 1 19
5 21 2 1 2 1 2 4 16
6 2 9 @ 2 1 2 1 3 14
7 2.2 4., 2 2 1 1 19
8 2.2 X273 1 2 0 20

2.4 Attributed Data: Two-class attribute data was de-
veloped to analyze cracks in the liners. This is corres-
ponding to an all-or-nothing characteristic, which can be
numerically represented by a 1 (one) or O (zero). In this
case, the number of occurrences in both classes is known.
In the analysis, the lower number of occurrences of defec-
tive liners are treated as better characteristic.

Cracked and good liners are represented by 1 (one)s and 0
(zero)s respectively. Therefore, the data for the first trial
is three 1 (one)s and seventeen 0 (zero)s.

3. ANALYSIS AND DISCUSSION

A summary of the ANOVA results is shown in Table -3.
In the ANOVA analysis it is found that time is more sig-
nificant parameter. Time by itself causes a change in de-
fective rate at the 90% confidence level, and temperature
by itself causes no change in defective rate. The tempera-
ture — time interaction is quite at the 90% confidence lev-
el. The quenching effect is also not much significant at
the 90% confidence level.

Table -3
ANOVA Summary using 0.1 Attribute Data

Source Sum of Degrees of Variance Fisher % Contri-
Squares Freedom Ratio  bution
SS v v F P

A 0.006 1 0.006

B 0.306 1 0.306 3.68° 1.64
AXB 0.156 1 0.156 1.88 0.54
Cc 0.156 1 0.156 1.88 0.54
AXC* 0.006 1 0.006

BXC* 0.006 1 0.006

AXBXC* 0.006 1 0.006

g 12.952 152 0.085

Total 13.594 159 100.00
*pooled 12.976 156  0.083 97.28

i Items used to generate the pooled error estimate
+ at least 90% confidence

Table — 4 shows the main effects of parameters. Looking
at the difference column, parameter B (time) has the larg-
est effect (7), parameter ¢ (quenching) and interaction of
A and B (temperature and time) have the second largest
effect (5), and all other parameters have a weak effect or
no measurable effect. It also can be seen from Fig.1 that
the effect of time on crack rate is greater than that of tem-
perature and quenching. The parameter’s strength is di-
rectly proportional to the slope of the graph.

Table - 4
Main Effects of Parameters and Inieractions
Source Sumi1 Sum2 Difference
A 7 8 1
B 11 4 -7
AXB 5 10 5
C 10 5 -5
AXC 8 i -1
BXC 8 7 1
AXBXC 8 7 -1
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Fig.1: Liner cracks Experimental Plot

A plot of interaction between temperature and time is also
shown in Fig.2. In this plot, there exist non-parallel lines
which indicate the presence of an interaction. The para-
meter A (temperature) effect depends on the level of pa-
rameter B (time) and vice versa. The B effect is the larg-
est; the AXB effect next largest; and the A effect is very
small. The average of all results under Al and all results
under A2 are not very different and the average of all re-
sults under B1 and all results under B2 are different.

Therefore, the parameter B (time) must be kept at level 2
to reduce cracks in the cylinder liners. As the quenching
effect is little considerable, it can also be maintained at
level 2(i.e. the oil is agitated during quenching operation).
The temperature can be kept at any level. The optimum
parameters and their levels are given table-5.
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Fig. 2: Temperature — Time Interaction and Magnitude of
Parametric Effect

Table -5
Optimum Parameters and their Levels

Temperature 900 °C
Time 50 min.
Quenching oil (agitated)

The confirmation test was also carried out to validate the
conclusions drawn during the analysis phase. The opti-
mum number of cracks is predicted (Appendix) at the
selected level of significant parameters. The significant
parameter is time. The predicted number of racks with
time at level 1 is 3. It can be seen with trial 1. Hence, all
the parameters with level 2 are more satisfactory, because
the level 2 conditions (trial 8) provide no cracks in the
cylinder liners. Heating the iron to 9000C causes an aus-
tenite structure with about 0.60 to 0.80% dissolved carbon
to be developed. Subsequent quenching in the oil being
agitated will produce a martensitic structure. The hardness
of liners after treatment in old and new process, are re-
spectively in the ranges of Rcokwell 45 to 50 C and
Rockwell 48 to 55 C.

4. CONCLUSION

1. The heat treatment time is fund be more signifi-
cant. The predicted optimum number of cracks
with time at level 1 is 3.

2. The selected levels of the process parameters to
obtain minimum cracks are given Table -5
above.

With the above conclusion, the new process can produce
more number of high quality cylinder liners than the old
process in the same shift time. This is mainly because of
reduction in heat treating time. The microstructure if lin-
ers produced by optimum treatment conditions constitutes
combined carbon, retained austenite and martensite. The
hardness of liners after heat treatment using new process
is in the range of Rockwell 48 to 55 C.

REFERENCES

1.  G.M. Lahr, “Conventional vs. Salt Bath Hardening of Cast
Iron Cylinder Liners,” Trans. AFS, Vol.56, 1948.

2. A. Boyles, “Some Principles involved in the Heat-treatment
of Gray Cast Irons,” Trans AF, Vol.56, 1948.

3. J. S. Vanick, “Engineering Properties of Heat Treatment
Cast Irons,” Trans. AFS. Vol.52, 1944.

4. A. Chennakesava Reddy, “Advances in Manufacturing of
Piston Rings,” Engineering Advances, Vol.9, No.11, 1997,
p.62.

5. American Society for Testing and Materials, “Annual Book
of Standards, Part 31,” Philadelphia Pa, 1971.

6. P. J. Ross, Taguchi Techniques for Quality Engineering,”
Mc Graw Hill, New York, 1988.

7.  G. Taguchi, “Introduction to Quality Engineering,” Asian
Productivity Organization, 1986.

FOUNDRY 49

JULY/AUGUST, 1998



APPENDIX

Confidence Interval, CI =

n, =

dence level (o) at degree of freedom 1 and error degree of
freedom (v)

C11=+0.25 CALMET CORPORATION

The predicted range of cracks DELHI - 110 052.

The estimated ¢ eracks < B I Foundries, Forging- and Machine-
€ estimated mean OI Cracks = bq .
Shops Interested in Exports

Fa;l;v Vep
Ne

We are a US based company buying castings
andfargingsin rough/machined conditionfor USA,

Total number of experiments Canadian and European markets.

Total degrees of freedom These ~astings and forgings are being used in
1 + |associated with items used vaglo:stapphéz?tlois ?“CH aSQWatemor;cﬂs, I‘;:_unim-
in the estimate of mean pal, Automobile, Agricultural, Mining Machinery,
Pumps, Valves, Compressors etc in Ferrous and
. ) Non-Ferrous metallurgies.
Fu1v = F value from standard table at required confi- ¢

We work with units which observe (i) strict Quality
Assurance Plan, (i) timely delivery, and (iii) provide
machining facilities.

= Variance of error pooled Interested Foundries, Forge Shops and Machine
Shops, please contact our Delhi office at :

D-144, Phase-|, Ashok Vihar

Phone :+91.11.7142324, 7432270

< : |
252,753 Fax ++91.11.7431185 |
E-mail :rohitt@calmet.com |
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We are an Indo-European joint venture company with our office in Vashi, Nawi Mumbar, OJ’ curopean Dﬁf*qers
are a leading international company producing a wide range of quality products for steel, foundry, aluminium,
smelting, construction, chemical and electronic industries, with rmore than 15 Sales Offices operating in
12 coundries. In order to strengthen the markefing set up in India, we need a self motivated professional
for the following position -

(Marketing Manager (Foundry Products)]

The incumbent should be a Degree holder in Metallurgical Engineering and should hawve thorough knowledge
of indian Foundry Industry. 5 to 6 years of experience in marketing consumbales to Foundry Industry is essential.

The ideal candidate should be in the age group of 30 to 35 years, should possess good communication skill,
ability to takle difficult situation and willing fo travel extensively. Should be able to effectively gather market
intelfigence about competitors’ activities.

Emoluments commensurate with qualification and experience. Computer literacy is a must. Candidate hawving
own accommodation in Nawi Mumbai will be Preferred.

Interested candidates may forward their applications within 10 days, lo !
President & Chief Executive
Elkem Metallurgy Private Limited
a Eikem GE/ET Mahavir Centre, Piot Mo. 77, Sector - 17

VASHI, MAVI MUMBAI - 400 703

MEta“u I‘QY Fax : (023) 767 2903
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