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Abstract— High Pressure Die Casting is an industrially 

valuable manufacturing process used in the production of 

light weight Aluminium alloy components in the automotive 

industry. The die casting process although highly 

reproducible suffers from defects that occur due to various 

process parameters. The leakage testing analysis of 

defective components is performed after the value addition 

processes like machining are already done on the die cast 

component. The inefficiency of the testing process 

ultimately results in the supply of defective parts to 

automotive manufacturers. This study aims to improve the 

leakage testing process efficiency for the Governor Cover 

part produced by a supplier to OEM in Bangalore, India. 

The quality control techniques like Ishikawa diagram, 4Ms 

and Measurement System Analysis (MSA) are employed to 

achieve an efficient testing process model. The 

improvements applied result in obtaining a more accurate 

defect data at the supplier and majorly an overall reduction 

of rejections at the customer end by 40% in a period of two 

months. 
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I. INTRODUCTION 

High Pressure Die Casting is a commercially important 

manufacturing process with high dimensional accuracy, 

better surface characteristics and high reproducibility. The 

automotive industry due to its demand for light weight parts 

with complex geometries employs aluminium alloy die 

casting for producing housings, automotive front end 

structures and B-pillars. [1] 

Defects represent a critical feature for die-cast 

components and contribute majorly to the rejection of cast 

components. Defects could be of different types and 

differently impair properties and functionality of 

components. According to the source of defects, die casting 

defects can be classified into three major categories such as 

(i) Mechanically induced defects (ii) Metallurgical defects 

and (iii) Defects induced by interaction of heat flow and 

fluid flow. [3] 

 
Fig. 1:  Turnover for Italian and foreign markets for 

different application fields of Al-alloy HPDC products [2] 

Visual Inspections and pressurized leakage testing process 

are conducted on the casting parts to identify defects.  

In this study, we are analysing the leak testing 

process conducted for a Governor Cover part of a Diesel 

Engine Fuel Injection System, sourced from a major 

supplier to OEM industries in Bangalore, India. The leakage 

testing involves the immersion of the manufactured part 

inside a liquid tank and then passing high pressure air 

through it. The presence of holes or cracks in the part is 

indicated by the formation of air bubbles inside the liquid 

tank which can be visually observed. The inefficiency of 

this testing process at the supplier end leads to the passing of 

components with leakage defects to the customers, increases 

the rework and importantly provides the supplier with 

inaccurate data of die casting process productivity. The 

improvement of the leakage testing process therefore will 

provide the supplier with insights on the improvement of 

testing process and as well in future provide accurate defect 

data to influence the supplier to improve process efficiency. 

 
Fig. 2: Rejection Causes for HPDC Products 

II. OBJECTIVES OF THE PROJECT 

The objectives will be:- 

 To improve the leakage testing process at the 

supplier end 

 To reduce the rejection rate at customer end. 

 To improve the accuracy of defect data at the 

supplier end. 

 To improve the quality of production at the 

supplier end.  

 To achieve Customer Satisfaction by supplying 

Quality Products consistently. 

III. RESEARCH METHODOLOGY 

To achieve the objective the research team utilized planning 

and analysis tools such as Measurement System Analysis 

(MSA) and Ishikawa Diagram (Cause and Effect diagram or 

4M method) 
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A. Measurement Systems Analysis (MSA) 

A Measurement Systems Analysis (MSA) is a specially 

designed experiment that seeks to identify the components 

of variation in the measurement. 

Just as processes that produce a product may vary, 

the process of obtaining measurements and data may have 

variation and produce defects. A measurement systems 

analysis evaluates the test method, measuring instruments, 

and the entire process of obtaining measurements to ensure 

the integrity of data used for analysis (usually quality 

analysis) and to understand the implications of measurement 

error for decisions made about a product or process. MSA is 

an important element of Six Sigma methodology and of 

other quality management systems. 

Common tools and techniques of measurement 

systems analysis include: calibration studies, fixed effect 

ANOVA, components of variance, attribute gage study, 

gage R&R, ANOVA gage R&R, destructive testing analysis 

and others. The tool selected is usually determined by 

characteristics of the measurement system itself. 

The factors affecting the measurement system may be 

 Equipment: measuring instrument, calibration, 

fixturing, etc. 

 People: operators, training, education, skill, care 

 Process: test method, specification 

 Samples: materials, items to be tested (sometimes 

called "parts"), sampling plan, sample preparation, 

etc. 

 Environment: temperature, humidity, 

conditioning, pre-conditioning, 

 Management: training 

programs, metrology system, support of people, 

support of quality management system, etc. 

These can be plotted in a "fishbone" Ishikawa diagram to 

help identify potential sources of measurement variation. 

B. Ishikawa Diagram 

Ishikawa diagrams (also called fishbone diagrams, 

herringbone diagrams, cause-and-effect diagrams, or 

Fishikawa) are causal diagrams created by Kaoru Ishikawa 

(1968) that show the causes of a specific event. Common 

uses of the Ishikawa diagram are product design and quality 

defect prevention, to identify potential factors causing an 

overall effect. Each cause or reason for imperfection is a 

source of variation. Causes are usually grouped into major 

categories to identify these sources of variation. The 

categories in principle include 4Ms 

 Men- Anyone involved with the process 

 Methods: How the process is performed and the 

specific requirements for doing it, such as policies, 

procedures, rules, regulations and laws  

 Machines: Any equipment, computers, tools, etc. 

required to accomplish the job  

 Measurements: Data generated from the process 

that are used to evaluate its quality  

Cause and-effect diagrams can reveal key relationships 

among various variables, and the possible causes provide 

additional insight into process behaviour. Causes are derived 

from brainstorming sessions and then labelled as categories 

of the fishbone. Causes can be traced back to root causes 

with the help of 5Why technique. 

 
Fig. 3: Ishikawa Diagram for Leak Testing Process 

MSA analysis was performed for each parameter in the arms 

of Ishikawa diagram. 

C. Guage R&R Study 

Gauge R&R measures the amount of variability induced in 

measurements by the measurement system itself, and 

compares it to the total variability observed to determine the 

viability of the measurement system. There are several 

factors affecting a measurement system, including: 

 Measuring instruments: the gauge or instrument itself 

and all mounting blocks, supports, fixtures, load cells, 

etc. The machine's ease of use, sloppiness among 

mating parts, and, "zero" blocks are examples of 

sources of variation in the measurement system. In 

systems making electrical measurements, sources of 

variation include electrical noise and analog-to-digital 

converter resolution. 

 Operators (people): the ability and/or discipline of a 

person to follow the written or verbal instructions. 

 Test methods: how the devices are set up, the test 

fixtures, how the data is recorded, etc. 

 Specification:  the measurement is reported against a 

specification or a reference value. The range or 

the engineering tolerance does not affect the 

measurement, but is an important factor in evaluating 

the viability of the measurement system. 

 Parts or specimens (what is being measured): some 

items are easier to be measured than others. A 

measurement system may be good for measuring steel 

block length but not for measuring rubber pieces, for 

example. 

There are two important aspects of a Gauge R&R: 

 Repeatability: The variation in measurements taken by 

a single person or instrument on the same 

or replicate item and under the same conditions. 

 Reproducibility: the variation induced when different 

operators, instruments, or laboratories measure the 

same or replicate specimen 

1) Appraiser Capability 

Thirty parts were sampled out of which 10 were confirmed 

to be defective parts and others were non-leaking. Three 

appraisers were chosen for leak testing and each sample was 

tested thrice with each appraisers. The results obtained are 

tabulated in Tab 2. 

2) Machine Capability 

Twenty parts were sampled out of which 6 were confirmed 

to be defective parts and others were non-leaking. Three 

machines performed the leak testing process and each 
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sample was tested thrice with each machine. The results 

obtained are tabulated in Tab 3. 

3) Method of Analysis- Time Study: 

The standard time taken by the machines for leakage testing 

was 1 minute. Leakage detection might significantly 

improve if the parts are tested for a longer duration. The 

minute leakages may not be detected in just the first 60 

seconds of testing and may require some more time to be 

detected.  Thirty already defective parts were tested with 

increasing the leakage testing time from 1 to 2.5 minutes. 

The results are tabulated. 

No. of Appraisers 3 

No. of Parts 30 

No. of Trails 3 

Equipment under 

MSA Study 

Leak Testing 

Machine 

UCL OK (1) 

LCL NOT OK (0) 

Tab 1: Appraiser Capability Study Parameters 

 
Tab. 2. Appraiser Capability Study 

 
Tab. 3. Machine Capability Analysis 

 
Tab. 4. Time Study for Leak Testing 

IV. RESULTS AND DISCUSSION 

The appraiser capability study was analysed using the 

Minitab software. The result analysis is given below. 

(1) The capability study helped in identifying the 

appraiser whose defect identification capability was 

less than the required level. Such identification 

enabled the appraiser to be trained in order to gain 

technical capability 

(2) Through the machine capability study, it was found 

that defective Parts 1, 9, 10 were rightly detected to 

be defective with machine 1 and 2 and not with 

machine 3. So the fixture of machine 3 was found 

to be in need of change. 

(3) Through the time study results for leak testing, it 

was observed that 5 out of the 30 parts were 

detected to be defective only after the first minute 

of testing. So the increase in time period from 1 to 

1.5 minutes significantly improved the leak 

detection in parts which fail to be detected in the 

first minute. 

 
Fig.4. Analysis of Appraiser Capability Study 
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(4) The leaks during the testing process are indicated 

by the bubbles that form due to the air pressure. If 

the bubble size is bigger, it will facilitate easy 

detection. The air pressure during the testing was 

increased from 2.5 to 3.5 bars and it was observed 

that the bubble size had significantly increased 

enabling better detection by the appraiser. 

(5)  Measurement Improvement: The detection of 

minute blow holes at the back of the parts was a 

challenge for the leak testing machines. In order to 

improve the detection of such holes, mirrors were 

suggested to be placed at the backside of the 

machine and the tanks are painted in white for 

better observation. 

 
Fig. 5: Improvement of Leak Testing Method- Placing a 

mirror behind the tank for better observation 

V.  CONCLUSIONS AND FUTURE SCOPE 

 Through the Ishikawa diagram, the root causes for 

the inefficiency of the leak testing process were 

determined.   

 The MSA approach was used to analyse each of the 

4Ms in the Ishikawa diagram and the improvements 

based on the analysis were determined and applied to 

the testing process.  

 After the suggested improvements, the rejection rate 

at the customer end came down by 40% due to 

improved detection of parts with leakages at the 

supplier. 

Although the process capability is improved, the impact of 

the work on the testing operations can be accurately written 

only after implementation over a long run plan. But the 

rework time and cost reduction can be achieved only by 

analysing the root causes for the defect occurrence. The 

future work will be aimed at improving the production 

capability at the supplier end to improve the overall process 

efficiency.   
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