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Abstract  
 
 This paper focuses on Reduce rejection Rate of 

Connecting rod by Design of Experiments. 

Connecting rod’s major problem behind the rejection 

is connecting rod’s cap and rod assembly bolts tight. 

Bolt cannot rotate freely in the cap and rod assembly 

bolt hole. So Connecting rod goes in rejection. 

Research work goal is reduce rejection rate of 

connecting rod. Tool use for this research is DESIGN 

OF EXPERIMENTS. In this Research use full 

factorial design approach by the help of MINITAB 

statistically analysis software. For control of 

rejection rate consider four type of  control 

parameters namely, 1 central distance between two 

assembly hole of rod and cap, 2 Face Symmetricity of 

rod and cap, 3 Assembly hole diameter of rod and 

cap, 4 Cutting fluid viscosity to select for the optimize 

condition and reduce rejection rate of  connecting 

rod Design of Experiment technique’s result indicate 

that the  Central distance between two assembly hole 

of rod and cap and Face Symmetricity of rod and cap 

are significant parameters which are affect the 

connecting rod quality level. 

 

 

1. Introduction 

Experiments are performed today in many 

manufacturing organization to increase our 

understanding and knowledge of various 

manufacturing process. Experiments in 

manufacturing companies are often conducted in a 

series of trials or tests which produce quantifiable 

outcomes. For continuous improvement in product or 

service quality, it is fundamental to understand the 

process behavior, the amount of variability and its 

impact on processes. In engineering environment, 

experiment is often conducted to explore, Estimate or 

confirm. Exploration refers to understanding the data 

from the process. Estimation refers to determining 

the effect of process variables or factor on the output 

performance characteristic. Confirmation implies 

verifying the predicted results obtained from the 

experiments. In manufacturing process, it is often of 

primary interest to explore the relationship between 

the key input process variable (or factors) and the 

output performance characteristic (or quality 

characteristic). For example in a metal cutting 

operation, cutting speed, feed rate, type of coolant, 

depth of cut etc. can be treated as input variables and 

surface finish of the finish part can be considered as 

an output performance characteristic
.[10]
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2. Problem statement  

Amul automobile industries at Rajkot 

produce connecting rod for heavy automobile 

vehicle. The major reason behind the rejection of 

connecting rod is Cap and Rod assembly bolt tight.  

According to above figure connecting rod assembly 

has two main parts. Top part of this assembly called 

cap and bottom part is called rod. Problem is when 

these two parts are assembled at that time cap and rod 

assembly bolt are happen tight. And bolt can no 

rotate freely in the cap and rod assembly bolt hole. So 

Connecting rod goes in rejection. And Hino 

Company is the customer of this connecting rod. 

Customer requirement is freely rotate bolt in the cap 

and rod assembly bolt hole with best quality. So 

this type of bolt tight problem is main reason for 

rejection. 

 

Figure 1 Connecting rod bolts tight problem 

3. Considerable parameters
 [10]

 

1. Central distance between two assembly hole of rod 

and cap 

2. Face Symmetricity of rod and cap 

3. Assembly holes diameter of rod and cap 

4. Cutting fluid viscosity  

3.1 Parameter range for parameters and their 

levels
 [12-10]

 

First considerable parameter is Central distance 

between two assembly hole of rod and cap its low 

level value is 80.04 mm and high level value is 

80.36 mm. Second considerable parameter is face 

Symmetricity of rod and cap it’s high and low levels 

values are 19.10 mm and 19.50 mm respectively. 

Third considerable parameter is assembly holes 

diameter of rod and cap it’s high and low levels 

values are 12.20 mm and 12.21 mm respectively. 

Fourth considerable parameter is cutting fluid 

viscosity its high and low levels values are 0.05 pas 

and 0.08 pas respectively.  

4. In full factorial design our Experiment 

performed total 16 experiments and it’s 

Result Ok pieces indicate below table
.[12]

 

 

Table 1 Run order versus ok pieces 

 

Figure 2 Run order versus Ok pieces 

5. DESIGN OF EXPERIMENT 

RESULTS BY MINITAB SOFTWARE 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

48
40 40 38

48 49

38 40 42
38 40

48
40 42 40

48

RUN ORDER VERSUS 
OK PIECES

RunOrder OK PIECES

Run Order OK PIECES 

OUT OF 50 

1 48 

2 40 

3 40 

4 38 

5 48 

6 49 

7 38 

8 40 

9 42 

10 38 

11 40 

12 48 

13 40 

14 42 

15 40 

16 48 
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In these Experiments our alpha value 

(Confidence level) is 0.05.From session window of 

Minitab software, we can conclude that P-values of 

CD rod & cap and Face Symmetricity of rod & cap 

are 0.005 and 0.027 respectively which are less than 

the value of alpha-0.05.So CD rod & cap and Face 

Symmetricity of rod & cap are very significant 

parameters which are affect the connecting rod 

quality level and responsible behind the rejection rate 

.Other parameters and it’s combination are 

insignificant.  

6. DESIGN OF EXP.RESULT  

GRAPHICALLY 
[10-12]

 

Figure 3 Normal plot of standardize effect 

From the Normal plot of the standardize 

Effects figure indicate below , we can easily conclude 

the Result by observing the inclined line, Here points 

near the line does not significant. But points situated 

away from line give significant and affect the 

connecting rod quality and responsible behind 

rejection rate. Here point A and B are such points 

which indicate CD rod & cap and Face Symmetricity 

of rod & cap are two most dominant parameters 

which badly affect the connecting rod quality. 
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Figure-4 Residual versus Fits plot 

Above   plot should show a random pattern 

of residuals on both sides of 0. If a point lies far from 

the majority of points, it may be an outlier. Above 

figure suggest the spread of residual values tend to 

increase as the fitted values increase, and then this 

may violate the constant variance assumption. Above 

plot indicate here residual value is not linear. 

Residuals are the difference between the observed  

values and predicted or fitted values 
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            Figure 5 Main effect plots 

Use in conjunction with an analysis of 

variance and design of experiments to examine 

differences among level means for one or more 

factors. A main effect is present when different levels 

of a factor affect the response differently. A main 

effects plot graphs the response mean for each factor 

level connected by a line. Here plot suggest that on x-

axis level of parameters and on y-axis indicate mean 

of response. Above fig suggest that CD rod and cap 

parameter value at low level when mean at high 

level. And Face Symmetricity rod and cap parameter 

value at low level when mean of response at high 

level.   

7. Implement in Parameters design values 

base on Design of experiments results. 

1. CD rod & cap = 80.04 mm 

2. Face Symmetricity = 19.1 mm 

3. Hole of rod cap = 12.20 mm 

4. Cutting fluid viscosity = 0.08 pas 

Above figure 2 clear indicate that on 6
th

 number of 

run order gets maximum output. So we should 

select that parameter values and apply on our 

operation so we can reduce rejection rate. And 

Design of experiment result suggests same parameter 

values for getting maximum output. 
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8. RESULT AND CONCLUSION  

As there are numbers of Parameters which 

are affect the connecting rod quality and responsible 

behind rejection. According to present work 

conditions and necessary Experiment set up being 

situated in an industry design and control parameters 

being chosen for experiments. Mainly four design 

and control parameters namely 1.Central distance 

between two assembly hole of rod and cap, 2. Face 

Symmetricity of rod and cap, 3. Assembly holes 

diameter of rod and cap, 4. Cutting fluid viscosity to 

select for the optimize condition and Reduce 

rejection rate of Hino connecting rod using DOE with 

help of Minitab software Package. 

  

Design of Experiment technique’s results 

indicate that the Central distance between two 

assembly hole of rod and cap and Face Symmetricity 

of rod and cap are significant parameters which are 

affect the connecting rod quality level and 

responsible behind rejection. After research work 

parameters values set for CD rod and cap at low level 

an Face Symmetricity for rod and cap is also low 

levels base on experimental result and reduces 3 % of 

rejection rate. 

Reduce rejection rate = 3 % 

Improve productivity = 3 % 

Total cost reduction   = 15 Rs per pieces 

9. REFERANCE 

[1] Face Gear width prediction Using the DOE Method. By 

Michele Guingand , Didier Remond, Jean-Pierre de 

Vaujany.(Journal of Mechanical Design ,October 2008, 

Vol. 130/104502-1.ASME) 

[2] Thermal and Mechanical Loading Effects on the 

Reliability of Organic Flip Chip Package By. Teck Joo 

Goh(Journal of Electronic packaging , March 2001, Vol. 

123/83 .ASME) 

[3] Sensitivity Analysis of a 2.5 kW Proton Exchange 

Membrane Fuel Cell Stack by Statistical Method.  By. N. 

Rajalakshmi, G. Velayutham, K. S. Dhathathreyan.( 

Journal of Fuel cell Science and Technology , FEB 2009, 

Vol.6/011003-1.ASME) 

[4] Failure Analysis of Rapid Prototyped Tooling in Sheet 

Metal Forming—Cylindrical Cup Drawing. By. Y. Park, J. 

S. Colton.( Journal of Manufacturing Science and 

Engineering, Feb 2005, Vol.127/127.ASME) 

[5] Selective Laser Sintering Process Optimization for 

Layered Manufacturing of CAPA® 6501 Polycaprolactone 

Bone Tissue Engineering Scaffolds  By. Brock Partee , 

Scott J. Hollister , Suman Das( Journalof Manufacturing 

Science and Engineering, May 2006, Vol.128/531.ASME) 

[6] Analysis of Molecular Beam Epitaxy Process for 

Growing Nanoscale Magnesium Oxide Films By. Ghulam 

M. Uddin , Zhuhua Cai  , Katherine S. Ziemer , Abe Zeid , 

Sagar Kamarthi.( Journalof Manufacturing Science and 

Engineering, Jine 2010, Vol. 132/030913 .ASME 

[7] An Experimental Study of Bearing and Thread Friction 

in Fasteners  By. S. A. Nassar H, El-Khiamy,G.C. Barber, 

Q. Zou ,T.S.Sun.(Journal of Tribology,April 2005, Vol/ 

127263  

[8] Investigation to Study the Applicability of Solid 

Lubricant in Turning AISI 1040 steel By.Deep 

Mukhopadhyay, Sankha  Banerjee , N. Suresh Kumar 

Reddy.( Journalof Manufacturing Science and Engineering, 

June 2007, Vol.129/521.ASME) 

[9] Fault Diagnosis of High Speed Rolling Element 

Bearings Due to Localized Defects Using Response 

Surface Method. By P. K. Kankar , Satish.C.Sharma , S. P. 

Harsha. (Journal of Dynamic system, Measurements and 

Control, May 2011, Vol 133/031001-1.ASME) 

[10] Jiju Antony -Design of Experiments for Engineers and 

Scientists  

· ISBN: ISBN: 0750647094 

· Publisher: Elsevier Science & Technology Books 

· Pub. Date: October 2003  

[11] Issa Bass, -Six Sigma Statistics with Excel and 

Minitab - The McGraw-Hill Companies 2007 

[12] Douglas C. Montgomery – Design and Analysis of 

Experiments. John Willy and Sons publication, 2001 

[13] Springer - Introductions to Engineering Statistics and 

Lean Sigma Statistical Quality Control and Design of 

Experiments and Systems.   

[14] Gary W. Dehlert - Design and Analysis of 

Experiments. Library of congress catalogue publication, 

2010 

[15] D.R. Cox - The Theory of the Design of Experiments. 

(Honorary Fellow Nuffield College Oxford, UK 

 

 

 

 

 

 

 

 

1396

International Journal of Engineering Research & Technology (IJERT)

Vol. 2 Issue 5, May - 2013
ISSN: 2278-0181

www.ijert.org

IJ
E
R
T

IJ
E
R
T


