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Abstract— Heat treatment is used in many industrial 

application like gear manufacturing or shaft. Heat-treatment 

is a process heating metal under certain temperature to 

obtain desired properties. In this paper growth or shrinkage 

analysis is done for main shaft, for this induction hardening 

process is implemented. In this data was collected for three 

different batches At the beginning blank stage data was 

collected then after heat treatment the data was collected, 
through this comparison was made, growth or shrinkage was 

identified.so changes identified were corrected in upcoming 

batches. This study help to identify the trend in growth or 

shrinkage. 
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I. INTRODUCTION 

A. Heat Treatment: 

Heat treatment (HT) is the process through which metal is 

heated to certain temperature & cooled to obtain desired 

strength &mechanical properties as brittleness, hardness& 

softness. There are various types of heat treatment such as 

annealing, Quenching, tempering, case hardening, surface 

hardening etc. 

 
Fig. 1: type of heat treatment 

II. INDUCTION HARDENING 

Induction hardening is a type of surface hardening in which 
a metal part is induction heated & then quenched. Induction 

heating is a heat treating process in which specific area of 

metal is heated by electromagnetic induction. Induction 

heating systems provide a quick, efficient and cheapest 

method of heating any electrically conductive material to a 

accurate temperature. Depth of heating can be limited to just 

the surface or can include the entire cross section. 

Temperatures are accurately controlled as per the 

requirements of the application. Induction heat treating is 

profitable for small scale or high production operations. 

Since the process is clean and radiated heat is minimum, this 

system can be installed directly in your production line or 

general work area. The equipment is compatible with 

existing in-plant material handling systems, and can be 

automated to meet specific production requirements. 

III. METHODOLOGY 

For the purpose of this study data was collected for various 

dimension of various job produced. This data include 

parameter like length, spline length, DOP, Major diameter, 

Minor diameter. All were measured before & after heat 

treatment. Afterward, all data was examined & analysed. 

Data was collected on inspection sheet. 

Steps to collect data are as follows: 

1) Before heat treatment dimension of all the parameter 

were calculated for jobs. 

2) Considering tolerances two values for each parameter 
were obtained as ‘X’& ‘Y’. 

3) Maximum & minimum values of dimension were 

calculated to find the range of variation. 

4) Average of the both value were calculated.  

5) Now After heat treatment same calculations were 

carried out for the dimension. Thus two variation bands 

were obtained &distance between these regions 

represents the “distortion” that was caused due to heat 

treatment on the jobs. 

All the above calculation was carried out for 36 jobs. 

 
Fig. 2: flow chart of procedure 
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IV. ANALYSIS 

Tolerance of each value was already known so each 

individual value was checked to ensure whether it is limit. 

While doing heat treatment some of the parts were rejected 

due to crack, so the part which was acceptable was collected 

the data was analyzed.  Part which was analyzed: Main shaft  

For the first batch 5 jobs were taken for inspection but all 

were rejected during heat treatment then in 2nd batch 50 job 

were taken out of witch 10 jobs were inspected and for 3rd   

batch  15 job were inspected. In control chart you can see 

change in pattern for before heat treatment & after heat 
treatment. In this for parameter number 4 in before heat 

treatment point were near about upper control limit (UCL) 

but after heat treatment these were in control. So to reduce 

the distortion change in dimension were done for before heat 

treatment in 3nd batch. So less Distortion was observed in 3rd 

batch. 

 
Table 1: inspection sheet 

 
Fig. 3: main shaft after heat treatment 

 
Fig. 4: parameter number 4 batch 3 

 
Fig. 5: parameter no 4 batch 3 

sr no 1 2 3 4 5 

observation 243.31 243.32 243.3 243.3 243.3 

sr no 6 7 8 9 10 

statical 243.3 243.3 243.3 243.3 243.3 

Table 2: parameter number 4 batch 3 

In table 1 you can see after heat treatment 

distortion which is more in batch 2nd which is reduced 3rd 

batch.so same procedure was followed for different 

parameters. 

sr no 1 2 3 4 

observation 243.31 243.32 243.3 243.3 

sr no 5 6 7 8 

observation 243.3 243.3 243.3 243.3 

sr no 9 10 
  

observation 243.3 
   

Table 3: 

Batc

h no 

Quanti

ty 

Inspecti

on 

sample 

Before 

HT  

dimensi

on 

After 

HT 

dimensi

on 

Distorti

on 

1 5 5 * * * 

2 50 10 423.60 423.60 0.35 
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±0.1 ±0.15 

3 105 10 
423.22 

±0.15 

423.60 

±0.15 
0.3 

Table 4: 

Sr

. 
N

o. 

param
eters 

Bla
nk 

After 
rolling/b

efore 
heat 

treatmen
t 

Gro
wth/ 

Shrin
k  

(Aft. 
Rolli

ng) 

Aft. 
HT 

Gro

wth/ 
Shrin

k  
(Aft 

Rolli
ng to 

Aft. 
HT) 

Gro

wth/ 
Shrin

k  
(Bla

nk to 
Aft. 

HT) 

1 
Total 

Length 

423.

62 
423.79 0.16 

424.

03 
0.24 0.40 

2 

Spline 

Face 
Length 

308.
42 

308.69 0.27 
308.
93 

0.24 0.51 

3 Length 
243.
44 

243.45 0.01 
243.
62 

0.17 0.18 

4 
Spline 
Face 

Length 

132.
91 

133.44 0.53 
133.
40 

-0.04 0.49 

5 Length 
107.
32 

107.32 0.01 
107.
29 

-0.04 -0.03 

6 
Spline 
Face 

Length 

53.8

1 
54.34 0.53 

54.2

1 
-0.13 0.40 

7 Length 
91.4

8 
91.53 0.06 

91.5

7 
0.04 0.10 

8 Length 
31.1

0 
31.07 -0.03 

30.9

9 
-0.09 -0.12 

9 Length 
60.8

0 
60.86 0.06 

60.7
9 

-0.07 -0.01 

1

0 

Circu
mclip 

groove 
 

1.78 1.78 1.78 0.00 1.78 

Table 5: results 

V. RESULTS 

In this table you can see 10 different parameters were 

analysed and after every stage there is growth or shrinkage, 

growth of each stage is been showed one with green colour 

shows growth & with red colour shrinkage.  

VI. CONCLUSION 

1) Some of the parts were rejected due to cracks in the 

induction process. 

2) Induction hardening does not requires heating of the 

whole part, it heat precisely the localized specific areas 

where metallurgical changes are desired. 

3) So to minimize the Growth/Shrinkage changes in the 

blank drawing were in the next batch. 
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