CERTIFICATE

Department of Mechanical Engineering
Certified that this is a bonafide report P- 4 & 9
of
the thesis work done by
Mr. G. KUMARA RAJA SINGH £T o~
(Reg. No. 9937H0004) f

at

COIMBATORE - 641 006
During the year — 1999 — 2000

........... omi9— PN
Guide Head of the Department
Prof. N. GUNASEKERAN Dr. MOHANA KRISHNAN
Mechanical Engineering Dept,

K.C.T., Coimbatore.

Place : }Coimbatore
Date : 2o©.12. 2000

Submitted for viva — voce examination held at
2@ 12 . 2000 .

Kumaraguru College of Technology on 22,7 70000

Mo (9 e

Intermal Examitie?: 212000 External Examiner




FUEL GAUGE CALIBRATION USING TAGUCHI

TECHNIQUES
P' 46q

Thesis submitfkad in partial fulfillment of the requirements for the award of the degree of
| MAJSTER OF ENGINEERING IN MECHANICAL ENGINEERING
| (INDUSTRIAL ENGINEERING)
of BHARATHIAR UNIVERSITY

By
G. KUMARA RAJA SINGH
(Reg. No. 9937H0004)

Under the Guidance of
Prof. N. GUNASAKERAN, M.E., MISTE., MIIE.,

DEPARTMENT OF MECHANICAL ENGINEERING
KUMARAGURU COLLEGE OF TECHNOLOGY

(Affiliated to Bharathiar University)
COIMBATORE - 641 006

1999 - 2000



DEDICATED TO MY LORD
- JESUS CHRIST



® 6 % @

‘ . . Ve —~ A N
| IIER INSTRUMENTS & CONTROLS LIMITED +pricol.
b
! P.B. No. 4209, PERIANAICKENPALAYAM
! COIMBATORE - 641 020, INDU

PHONE : ++91-422-89290% TO 1«
FAX : ++91-422-892021

e-mail : factory @ pricol.jet.co.it
pricol.fact@sm8.sprintrpg.ems.vsni.net.it

HRD/PROJ-TRG
29-December-2000

TO WHOM SO EVER IT MAY CONCERN

(Industrial Engineering) at Kumaraguru College of Technology - Coimbatore,

This is to %ertify that Mr G Kumara Raja Singh, doing final year ME
has done a project in our organisation.

The details #re :

% Title of tHe Project : FUEL GAUGE CALIBRATION USING
| TAGUCHI TECHNIQUES

% Period of | Project : June 2000 to December 2000

% Departm{ant : Total Industrial Engineering

% Attendanke & Conduct : Good

We wish hinﬁ the very best for a bright future.

ANTHONY THIAGARAJAN
DY. MANAGER - HRD

e ————

' V .
3E:P.B. No.:6331, 108:JA, AVANASHI ROAD, COIMBATORE - 641 037, INDIA

PHONE : +491-422-2111520 TO 4, FAX : ++91-422-210028
ail : city@pricol.jet.co.i

) X N Aco edated Yy the
« pricol.city@sm8.sprintrpg.ems.vsnl.net.in ISO 9001 s




CERTIFICATE

P- 469

This is to certify that this thesis work entitled “ FUEL GAUGE CALIBRATION

USING TAGUCH! TECHNIQUE " being submitted by G. KUMARA RAJA SINGH,

(Reg. No.
MECHANI
guidance.

University

9837H0004) for award of the degree of MASTER OF ENGINEERING IN
CAL (INDUSTRIAL ENGINEERING), is a bonafied work carried under my
The results embodied in this thesis have not been submitted to any other

or institute for the award of any Degree or Dipioma.

Mr. N. GUNASEKERAN

Assistant Professor

Dept. of Mechanical Engineering

Kumaraguru College of Technology

Coimbatore.



ACKNOWLEDGEMENT



ACKNOWLEDGEMENT P"‘457

The success of any project depends on teamwork and co-operation of
number of people. The author would like to take this opportunity to express m’”‘
gratitude\ to the people whose support and guidance made to this project a grand

success.

A‘ this delightful moment of having accomplished project on FUEL GAUGE
CALIBRATION USING TAGUCHI TECHNIQUE, The author owe thanks to Dr. K.K.
padmanaban, B.sc. (Engg) M.Tech. Ph.D., Principal of our college, for his constant

encouragement and constructive suggestions.

‘The author wishes to record his gratitude to Dr .A. Mohanakrishnan, M.sc
(Engg).|Ph.D., Head of the Department of Mechanical Engineering and
Dr. E. Vallinayagam, PG Professor, for their support and encouragement during this

project. |

The author would like to record his heartiest indebtedness and deep felt
gratitude to the guide Prof. N. Gunasekaran, M.E., MISTE, MIIE, Assistant

Professor for his guidance and suggestions at all stages of this project.

he author would like to thank Mr. C. Venkata Ratnam, M.Tech., Deputy
General Manager, Total Industrial Engineering Department, for having permitted to

take up this project in his esteemed organization, PRICOL, Coimbatore.

Whe author would like to extend his gratitude to Mr.P.S. Ramesh, Technical
As&ste#nt of Total Industrial Engineering Department for his guidance which was
given t’t complete the work inspite of his busy schedule and also to the other staff in

Total Ir dustrial Engineering and Product & Service 2 department.



Last but not least, the author would like to thank all of them.who directly or

indirectly helped him a lot to carry out this project successfully.

G. KUMARA RAJA SINGH

(Rg-wo 98371000 4)



SYNOPSIS



SYNOPSIS

Now days, the globalization forces the Indian industries to concentrate more
on quality of product and process in a continual basis in order to survive in the
market. The automobile industries also cannot escape from it because of more

compétitidn in global market and arrival of multinational companies.

Thi% project deals with automobile dashboard instrument manufacturing

industry’s real time problem in manufacturing particularly fuel gauge of a car.

Th% fuel gauges are calibrated to the positions of Empty, Half, Full in order to
assure th%ir quality after, manufacturing. The error in the range setting is a problem

in most of\ the fuel gauges due to the process in the selected study.

Thjﬁa entire manufacturing processes are studied and the reason for this error
is found ‘out by implementing Reverse Engineering technique. The influencing
parametefs of the fuel gauge on the range setting are studied and the most
influencing parameters are got from the reverse engineering methodology
parameters are the input of the Taguchi technique to eliminate the error and to

optimize the process parameter and their response.

i
The experiments are conducted with the critical parameters found in the
reverse engineering methodology and its interaction effects are also studied. The
intended |angle of the pointer of the fuel gauge is optimized based on the

|
experiments conducted.
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INTRODUCTION

The customers need and requirements are changing day-to-day. The
customers expect improvement in the quality of any product (or) service. The global
competitﬂon has made the industries to think about improvements of their products /
service lh continual basis. Every sector in a company is in top gear to meet such
situation,

TH)e thesis concentrate on a real time manufacturing problem in an
automobile dash board instrument manufacturing industry, where the gauges
undergo| calibration in order to ensure its quality after manufacturing. Most of the
cases, there is an error in the fuel gauge, which results in higher percentage of
rejectio} To eliminate the error in the calibration, an exhaustive study on the

existing |/manufacturing system is carried out and the reason for the error in the

- calibration is traced and analyzed. And ultimately a necessary corrective action is
implemented and an alternative method is suggested to prevent the reoccurrence of
the above problem in future.

ﬂ/any companies are doing extremely well in their business inspite of the
global competition and recession. This could have been possible because of their

consistent effect in maintaining and improving quality of the products and processes.

jhe unimaginable changes are taking place in the automobile industries. The

continuous evaluations are taking place in the design of the components of an

automobile. We have cars on road with the colors, which we have not imagined yet.
What was not important is improvement today in the area of automobiles.

he fuel gauges are the meters found in the dashboard of cars. The company

pricol, |manufactures fuel gauges and their meters have involved us in the

improv%ment of their fuel gauges.



INTRODUCTION ABOUT THE ORGANISATION

Name of the organization : Premier Instruments and Controls Ltd.
Address : Periyanaicken Palayam
Coimbatore — 641020.

1.1 Pricol’s Inception:
Pricol stqinds for “Premier Instruments and Controls Limited”

‘Plicol was established in the year 1974 by Mr.Vijay mohan. It was established
to produce automotive instruments, with in a short span of time, the company grew

to the positions of a leader in the field. Today it maintains quality levels that match

the bestin the world.

Pricol’s|Products:

| TL)day Pricol is well enriched itself as a supplier to industries, which include
textiles,
Inthe e rller days Pricol’'s main products were,

defense electronics and small machine tools.

1. Spe dometers

meters

mperature & Pressure gauges
Tank units
SmaT Il switches.

.m.4>.w!\>

rt from the above, Pricol manufacturers small machine tools like manual and
pneumatic presses, coil winding machines, precision centreless grinders, screen

prlntlng machines.



Electrical and electronic products from Pricol:

Beside}s the above products, Pricol is manufacturing products such as,
Electrical pressure gauges.

Electrical temperature gauges.

Electronic tachometers.

Electr{)nic tax-fare meters.

A R o

Electronic sensors.
Pricol’s fmanpower & plants:

“B%st people only can make the best things "pricol has the talented, dedicated
and smart working people”. Pricol has the strength of around 3650 employees in
which around 720 are technical / clerical staff. Pricol has four plants, as listed,

Plant |: Situated at P.N. palayam. Coimbatore. It was established first it is also the
big one. i
Plant Il: Situated at Gurageon, New Delhi.

Plant Il: Situated at Chinamatham palayam, Coimbatore.

Plant IV:|Situated at Karamadi.

Pricol’'s corporate office is situated in Coimbatore city itself and has offices in four
metropolitan ( New Delhi, Mumbai, Calcutta, Chennai ) and it has representatives all

over the country.

Pricol’s achievement:

Sustaining the Vital edge at Pricol is its Research & Development department
(R&D) v»j:mich cuts across the boundary of more technological commitment to satisfy
the cust{)mer.

P!ricol is commitment to TQM has won international acceptance. It was the

first coTpany in the automotive instrumentation industry to get the 1SO 9001

certification in the year 1993.



Pricol has introduced the concept of re engineering a trend that gaining
momentum worldwide. Pricol has introduced the Total Productive Manufacturing

[TPM] concepts in the company.

Pricol is supplying its products to major Indian concerns like,

1. Telco
2. Mahindra & Mahindra

3. Maruthi

4. Hindustan motors.

Apart fram this Pricol is exporting the products to,
1. USA

2. UK
3. Can#da
4. Australia
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BASIC CONCEPTS OF TAGUCHI TECHNIQUES
2.1 Taguchi approach to quality:

[7] According to Dr. J.M. Juran (1964) quality as “fitness for use” Philip
Crosby th% leading promoter of the “zero defects’ concept and the author of quality is
Free (1919), defines Quality as “Conformance to Requirement”. Dr. Deming says
that qualitb/ should be aimed at the need of the customer, present and future.
American\society for quality control (1983) defines quality as “the totality of features
and char%cteristics of a product or service that bear or its ability to satisfy given

needs”(1983). According to Genichi Taguchi Quality [2] is the loss a product causes
to society after being shipped, other than any losses caused by its intrinsic

functions’.

Quality Loss

[2] Product quality has been measured by comparing critical product
characteristics to engineering specifications for the product. Product specification
are still important, but the focus today is more on controlling process characteristics,
Since it is the production processes which determine the quality of the finished
products. To reduce process and product variability and more quality characteristics

close are made close to target values. This results in reduced Quality loss.

Quadratic Quality / Loss Function

Tﬁ‘is loss function [8] clearly shows that as characteristic moves further away
from a ta‘ get value, an increased loss is incurred. We would need to know the actual
losses foTr some selected values of the characteristics when designing engineering
experimefnts in order to determine the exact form of the loss function. The important
point is ihat it is to improve quality, or to decrease loss. We must strive to have

process %nd product characteristics as close to their target values as possible.



Target value

f

Specification limit

Taguchi quality system:

Quality frequency [7] divide quality system into two parts: quality of design
and quality of conformance. Taguchi refers to these two parts as off line quality

control and on line quality control.
|

Off line huality control concerned with:
Correctly identifying customer needs and expectations.
Designing a product, which will meet customer expectations.

Designing a product, which can be consistently and economically manufactured.

el

Dev loping clear and adequate specifications, standard procedures and

equipment for manufacturing.



Production / quality system cycle:

ON LINE QUA[lrITY
SYSTEM

CUSTOMER OFF LINE QUALITY
SYSTEM

PRODUCT

/

DELIVERY

CUSTOMER
SERVICE

MARKET
RESEARCH

CUSTOMER

FINISHED
\ PRODUCT

PRODUCT & PROCESS
DEVELOPMENT

MANUFACTURING

N

SPECIFICATIONS, STANDARD
PROCESSES

FIGURE: 1
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Stages in bff line quality control:

(@) Proﬁuct design stage.
(b) Process design stage.

Dunng\product design stage a new product is developed or an existing product is
modified. Tl'he goal here is to design a product, which is manufacturable and will
meet cusﬁomer requirements. During the process design stage, production and
process #ngineers develop manufacturing processes to meet the specifications

developed during the product design stage.

Activities 1,2, and 3 are part of product design; activity 4 takes place during the
process design stage. Taguchi developed a three-step approach for assuring quality
with in each of the two stages of off line quality control. These steps are normally

called sy tem design, Parameter design and tolerance design.

It is concerned with manufacturing products with in the specifications

On Line uality Control

(7]

established during product design using the procedures developed during process

design. }Ll , product and process designs may be revised if feed back from
r

customers reveals opportunities for improvement.

Stages %f on line quality control:
Production quality methods are
Three forms

. Process diagnosis and adjustment.
2. Prediction & correction

3. Meas\urement & action.



Application of Optimization in Engineering Fields: [9]

1. Design of aircraft and aerospace structures for min weight

2. Finding the optimal trajectories of space vehicles.

3. Design of civil engineering structures for minimum weight.

4. Selection of machining conditions in metal cutting process for minimum
production cost.

5. Optimum design of electrical network.

6. Optimal PPC.

7. Mibimum weight design of structures for earthquake, wind and either types of
loading.

8. De}sign of water resources system for maximum benefit

9. |n\%entory control.

|

10. Dt%sign of pumps, turbines and heat transfer equipment for max efficiency.

11.SWoﬁest route taken by a sales man visiting different cities.

12.Adalysis of statistical data and building empirical models from experimental
re%ults to obtain the most accurate representation of the physical phenomenon.

13.0ﬁ>timal design of chemical processing equipment and plant.

14. D#sign of optimum pipeline networks for process industries.

15. S#Iection of site for an industry.

16.Plénning of maintenance and replacement of equipment to reduce operating
co}sts.

17.Alilocation of resources or services among several activities to maximize the
b%nefit.

18.Pl4anning the best strategy to obtain maximum benefit in the presence of

co1mpetitor.

11



2.2 Experimental Design techniques:

[4]) Experimental design were used to identify which combination of settings or
“levels” for certain key factors produced the best average value for the product or

process characteristics of interest.

In the Taguchi approach to quality engineering the primary role of
exper?mental design is to make the process and product insensitive (Robust) to

variation in uncontrolled factors.

Expe%iment:

‘ Experiment is a series of trials or tests, which produce quantifiable outcomes.
An eﬁperiment where the outcome can be completely predicted in advance is then
calle | a “deterministic experiment”. Industrial experiments are generally performed
to exjelore, estimate, and confirm.
<> E)%ploration
X2 Esi‘timation
<> Cq;nfirmation

Expl#ration:

\ Gather data to learn more about process or product characteristic.
Estin+ation:

Use data to estimate the effects of certain variables on other variables.
Confi‘rmation:

\ Gather data to verify a hypothesis abut a relationship among variables.

Expe&‘imental design techniques:
} [4] Statisticians by themselves do not design experiments, but they have
devel#ped a number of structured schedules called experimental designs. Which

they rjecommend for taking measurements.

12



These designs have certain rational relation ships to the purpose, needs, and
physical limitations of experiments design also offer certain advantages in economy
of experimentation and provide straight forward estimates of experimental effects

and valid estimates of variance.

There are a number of ways in which experiment designs might be classified, for
examQIe,
1. By"the number of experimental factors to be investigated.
2. By the structure of the experimental design (e.g..blocked, factorial,nested or
response surface design)
3. By/|the kind of information the experiment is primarily intended to provide (e.g..

estimates of effects, estimates of variance)

Basic terminologies in experimental design:

Factor:

A factor [4] is one of the controlled or uncontrolled variables whose influence
upon d‘i response is being studied in the experiment. A factor may be quantitative
e.g.. t%mperature in degrees, time in secs

A fact&‘)r may also be qualitative e.g.. different machines, different operators, switch
on or off.

Level#:

ﬁhe “level of a factor are the values of the factor being examined in the
experiment. For quantitative factors, each chosen value becomes a level.
e.g.. if the experiment is to be conducted at four differant temperatures then the
factor JFemperature has four levels. In case of qualitative factors, switch on or off

becomb two levels for the switch factor.

13



Treatment:

A treatment is a single level assigned to a single factor during an
experimental run. A treatment combination is the set of levels for all factors in a
given experimental run.

e.g., an experimental run using an 800 degree temperature, machine 3,

operavtcjar “A”, and switch off would constitute one treatment combination

Experi}mental units:
The experimental units consist of the objects, materials or units to which
treatmént are being applied. They may be biological entities, natural materials,

fabrica!ted products etc.

Experimental design:

The formal plan for conducting the experiment is called experimental design.

Block:
A factor in an experimental program that has influence as a source of
variability called “block”. A block is a portion of the experimental material or of the
experirnental environment that is likely to be more homogeneous with in it than

between different portions.

i
Imporrnt tools of experimental design:

Blocking: (planned grouping)
‘ [1] Beyond selected factors for study, there are often other
“backg‘round" variables that may also influence the outcomes of the experimental

prograh.
’Variables such as raw material batches, operators, machines, or days the

enter. These variables are commonly called “blocks”.

influences of these variables upon the response are not under the control of the
experi

14



When an experimenter is aware of blocking variables it is often possible to
plan experimental programs to reduce their influence. In designing experiment, wide
use of the reduced variability occurring with in blocks to use is made of the reduced
variabil}ity occurring with in blocks to accentuate the influences of the studied factors.
Design‘§ that make use of this uniformity with in block are called blocked designs and

the process is called planned grouping.

Randobization:

‘ Tl'he sequence of experiments and or the assignment of specimens to various
treatme%nt combinations in a purely chance manner is called “randomization”. Such
assignﬂnent increases the likelihood that the effects of uncontrolled variables will

\
balance out.

Replicgtion:

‘Replication” is the repetition, the rerunning of an experiment or
measufement in order to increase precision or to provide the means for measuring
precision, replication provides an opportunity for the effects of uncontrolled factors or
factors unknown to the experimenter to balance out and thus, through randomization
acts as a bias-decreasing tool. Replication also helps to detect gross error in the

measurement. Rerun experiments are commonly called replicates.

Reproducibility and repeatability:

eproducibility measures the variability between items manufactured on
different days on different machines. Repeatability measures sources of variability
that are more local or immediate assignable to items measurements or the variability

occurri%g between adjacent items manufactured in sequence.

15
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PROBLEM DEFINITION

3. Introlﬁjuction
Now days, the Globalization forces the Indian industries to concentrate more

on quaﬁity of product and process in a continual basis in order to survive in the
market. The Indian automobile industries also cannot escape from the stiff
competﬁtion in the global market. This paper deals with a real time manufacturing
proble : in an automobile dash board instrument manufacturing industry, where the
gauges|under go calibration to ensure its quality after manufacturing. But most of the
cases there is an error in the fuel gauge, i.e., the pointer does not show the correct
reading are normally called as “error in the range setting”. The operator eliminates
the abc}ve problem through trial and error method. But most of cases the above
methoj does not provide solution to the error in the fuel gauge. Hence, such type of

error gauges under goes rejection, leads to higher percentage of rejection.

Fuelgiyge
'he fuel gauge taken fof study is basically operates on the electrical principle.
Such t%pes of gauges have more sensitive to variation. Hence continuous monitoring
and co+trol of process characteristic is necessary to ensure its quality.
Elemeits and structure of the fuel gauge
I'he fuel gauge contains following elements, namely
Bottk)m bobbin
Mai# magnet
Axlé‘ pointer
Silicon oil
Topi bobbin
Retq‘Jrn magnet
Wiré} winding

Lugiplate and terminal

© ©® N o g kAN

\
Res\istor

16



10.Magnet cover

11.Dial
12.Pointe

r

The following figures provide a detail structure of the fuel gauge.

Assembly & calibration

The assembly sequence of fuel gauge as follows

1. The Iu

figure

g plate is fixed in the terminal nut by riveting process as shown in the
2

2. The lug plate and terminal nut assembly is fixed in the top bobbin.

3. The main magnet is fixed in the axle pointer by a magnet driving process is

shown

4. The si

in the figure : 3

icon oil is filled in the bottom bobbin.

5. The main magnet and axle assembly is placed in the bottom bobbin.

6. There

turn magnet is fixed in the top bobbin as shown in the figure : 4

7. Assembly of top and bottom bobbin as shown in the figure : 5

8. Wirew

inding on the top and bottom bobbin assembly.

9. Resistor is soldered in the lug plate as shown in the figure : 6

10.The whole assembly is placed in the magnet cover as shown in the figure : 7

11.The dial is fixed on the top bobbin using the terminal nut.

12.The pa

13.The en
out as

inter is fixed on the pointer axle as shown in the figure : 8

itire assembly is fixed in the calibration stand and the calibration is carried

shown in figure : 9

17
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4.1 Taguchi technique of optimization

The Taguchi technique is divided into three phases namely,
1. Pléjnning phase.

2. Co}hducting phase.

3. Analysis phase.

Stegé involved in doe process

1. Planning phase.

(1) Sjﬁate problem or area of concern.
(2) S‘ lect the objective of the experiment
(3) Sﬁ

(4) Select the factors that may influence the selected quality characteristics.

lect the quality characteristics and measurement system.

(5) Identify control and noise factors.

(6) Select the levels for the factors.

(7) Select the appropriate orthogonal array.

(8) Select the interactions that may influence the selected quality characteristics.

2. Conducting phase.
(9) Conduct test described by trials in orthogonal array.

3. Analysis phase.
(10) | Analyze and interpret results of the experimental trials

(11) | Conduct conformation experiment.

l. PLANNING PHASE:
1. Stﬁte the problem (or) area of concern:

%The fuel gauges under go calibration in order to assure their quality after
manufacturing. The most of the cases, the gauges undergo adjustments through trial

and error method to eliminate the error in the reading. The adjustment results in the



fuel gapge to assure its quality. But most of cases the gauges under go rejection due

to Iackiof quality and results in higher rate of rejection

Probl#m or area of concern:

Produdt for study: Fuel gauge of a car.

(a) Err@r in the range setting while calibration.

(b) Tri | and error method of adjustment to assure the quality of the fuel gauges.
(c) Results in higher percentage of rejection.

In order to define the problem in quantitative terms, which requires a task aid,

Task Jids used:
(1) Product or process test failures.
. (2) Scrap reports.

1. Pr#duct or process validation test failures and Scrap report:

A detailed study of the existing situation and the past history of the product,
provide clear way to state the problem. A detailed analysis has been made on
the| test failures of the fuel gauges due to Incorrect reading (ICR) in each month
of Nay, June, July and August 2000. The analyses of the rejection reports
provide the impact and effect of discrepancies on the quality.

The succeeding material provides the analyze report in detail.
Rejection Analysis on May 2000:
In the Month of May,

1. No of working days = 27 Days.

2. No of fuel gauges produced = 5277 Nos.

3. No of fuel gauges rejected = 404 Nos.

Pe*centage of rejection on May = Total number of gauges rejected/

Total number of gauges manufactured.
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=404 /5277
=7.65%

It does not provide the real impact, if the impact of loss is expressed in terms of
perceﬂtage of rejection. In order to provide a clear vision, the quality loss would
provids{a a clear vision of loss due to variation.

Ac#cording to Taguchi, convert all the loss in interms of cost, which provide more
attentiij)n on the quality loss.

Quality loss due to ICR on May 2000:

Cost of fuel gauge =Rs 129
|Percentage of rejection  =7.65

Cost of mfg. 5277 gauges = 5277 * 129
Cost of 404 gauges =404 *129

Quality loss =Rs 52,110.00




TABLE:

3 FUEL GAUGE CALIBRATION USING

TAGUCHI TECHNIQUE

MODELg: TELCO MINI CAR (STD) TATA INDICA .
GAUGE; ELECTRICAL FUEL GAUGE
REPORT: PERCENTAGE OF REJECTION DUE TO ICR ON JUNE 2000
S.NO DATE ICR OUT PUT
1 1-Jun 6 100
2 2-Jun 10 168
3 3-Jun 8 150
4 5-Jun 9 146
5 6-Jun 10 246
6 7-Jun 9 235
7 8-Jun 8 271
8 9-Jun 9 228
9 10-Jun 16 304
10 12-Jun 22 210
11 13-Jun 10 138
12 14-Jun 17 255
13 15-Jun 1" 259
14 16-Jun 18 145
15 17-Jun 13 226
16 19-Jun 9 205
17 20-Jun 12 255
18 21-Jun 11 286
19 22-Jun 4 152
20 23-Jun 5 202
21 24-Jun 6 105
22 26-Jun 9 270
23 27-Jun 4 162
24 28-Jun 3 52
25 29-Jun 6 232
26 30-Jun 8 284
276 5286




TABLE: 4 FUEL GAUGE CALIBRATION USING TAGUCHI

TECHNIQUE
MODEL: TELCO MINI CAR (STD) TATA INDICA .
GAUGE! ELECTRICAL FUEL GAUGE

REPORT: PERCENTAGE OF REJECTION DUE TO ICR ON JULY 2000

S.NO DATE ICR OuUT PUT
1 1-Jul 4 100
3 3-Jul 4 77
4 4-Jul 4 132
5 5-Jul 25 259
6 6-Jul 12 210
7 7-Jul 7 133
8 8-Jul 11 218
9 9-Jui 2 40
10 10-Jul 9 104
11 11-Jul 14 303
12 12-Jul 8 220
13 13-Jul 8 170
14 14-Jul 7 232
15 15-Jul 12 247
16 16-Jul 3 110
17 17-Jul 8 234
18 18-Jul 7 132
19 19-Jul 11 248
20 20-Jul 1 257
21 21-Jul 15 205
22 22-Jul 9 227
23 24-Jul 17 294
24 25-Jul 8 210
25 26-Jul 18 126
26 27-Jul 15 235
27 28-Jul 24 298
28 29-Jul 26 250
29 30-Jul 8 125
30 31-Jul 2 102
299 5271
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T%‘ BLE: 5 FUEL GAUGE CALIBRATION USING TAGUCHIT '

Md;DEL : TELCO MINI CAR(STD)TATA INDICA .

G#.UGE : ELECTRICAL FUEL GAUGE

REPORT: PERCENTAGE OF REJECTION DUE TO ICR ON AUGUST

S.NO DATE ICR OUT PUT
1 1-Aug 3 52
2 3-Aug 14 319
3 4-Aug 13 145
4 5-Aug 9 273
5 7-Aug 24 295
6 8-Aug 11 297
7 9-Aug _ 9 275
8 10-Aug 11 301
9 11-Aug 15 146
10 12-Aug 18 245
1 13-Aug 6 121
12 16-Aug 16 294
13 17-Aug 10 250
14 18-Aug 12 314
15 19-Aug 24 292
16 21-Aug 14 160
17 22-Aug 5 192
18 23-Aug 12 172
19 24-Aug 13 150
20 25-Aug 7 112
21 26-Aug 6 120
TOTAL 171 3327




Rejecﬂion Analysis on June 2000:

In the Month of May,

1. No of working days = 26 Days.
2. No of fuel gauges produced= 5286 Nos.
3. No of fuel gauges rejected =276 Nos.

Percenkage of rejection on May

=276 / 5286
=5.22 %
Qualit} loss due to ICR on June 2000:
|
ost of fuel gauge =Rs 129
ercentage of rejection =5.22
ost of mfg. 5277 gauges = 5286 * 129
ost of 404 gauges =276 *129
|
puanty loss = Rs 35,601.00
|
Rejec#ion Analysis on July 2000:
\
|
In the Month of May,
1. No of working days = 30 Days.
2. No of fuel gauges produced= 5498 Nos.
3. No of fuel gauges rejected = 309 Nos.
Per%entage of rejection on May
3 = 309 / 5498

=562 %



Quality loss due to ICR on July 2000:

Cost of fuel gauge = Rs 129
Percentage of rejection = 5.62

Cost of mfg. 5277 gauges = 5498 * 129
Cost of 404 gauges =309 * 129
Quality‘loss = Rs 39,859.00
Rejection Analysis on August 2000:

!
In the Month of May,

1. No of working days = 21 Days.
2. No of fuel gauges produced= 3397 Nos.
3. No of fuel gauges rejected =171 Nos.

!
Per<£entage of rejection on May

| =171/3327
=513 %
|
Qualit)ﬂ loss due to ICR on August 2000:
ost of fuel gauge =Rs 129
ercentage of rejection =5.13
ost of mfg. 5277 gauges = 3327 * 129
ost of 404 gauges =171 *129
Ruality loss =Rs 21,017.00

Total Quality Loss from May to August =52,110.00 + 35,601.00 +
| 39,859 + 22,017.00
= Rs 1,49,587.00
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2. The obfective of the experiments:

(1) Eliminaﬁing the error in the fuel gauge.
(2) Eliminalting the trial and error method of adjustment.
(3) Optimizing the process parameters and response.

(4) Reducing the percentage of rejection.

Task aids|used:

Internal C ‘stomer Requirements:

The people who are involved in the entire manufacturing were called internal
customer. The people in the planning are the customer to the purchase. The people
in the manufacturing are the customer to the planning. The people in the sales are
the customer to the Sales etc., hence assemblies are the customer to the
proceeding assemblies like wise the people involved in the calibration are the
customer to assembly and subassembly of previous stage of assembly. So every
section of the assembly requires good product from the proceeding activity.

3. Selection of the quality characteristics and measurement system:

The characteristics that effect the response are considered as quality
characteristics.
The objectives of the experiments are the quality characteristics.
Quality characteristics:
(1) Error in the range setting.

(2) Crude method of adjustment.

Measurement system:
(1) instruments & gauges

(2) Visualinspection.

36



NOILVHdITvVO
k't
ONIXId ¥31INIOd

i

ASSYV NIgg04d
HL1IM
ONIXId TVvId

&

9

DNIUNLOVANNVYIW 39NVD 04 LIVHD MO1d SS300¥d CT :3dNOId

d3N00
13INOVIN NIgg0d dO1
NI ASSV NI LINOVIN
Nigg9049 ONIXI|4 NANL3H ONIXId
ONY3IA10S ﬁ
3JONV1SIS3Y 10
? AN NI ASSV 1LINOVIA
ﬂ NIVIN ONIOV1d
ASSY
NIgg0gd 3HL NIgga0d
H3A0 ONIANIM WO1104
ﬁ NI 110 ONIINOd
ASSV NIgd0g
WOLLO8 JTIXV d3LNIOd NI
8dOL 40 ASSY 13INOVIN NIVIN
_ JHL ONIAIKEA
NS

37




Task aids }used:
Process ﬂ(i»w diagram.

|
Process flow diagram:

The| process flow diagram provides a diagrammatic view of processes
involved in] the fuel gauge manufacturing in step by step flow as shown in the figure:
12

4. Selecti‘on of factors that may influence the selected quality characteristics:
|

The‘ response of the pointer of the fuel gauge depends upon number of
factors (or) parameters involved in the fuel gauge. Hence response of the pointer
depends on each of the parameters of the system. If any one of the parameter goes
out of specification have an impact on the response of the pointer. Ultimately the
response of the pointer is directly proportional to parameter specification of the
components. Among all the parameters involved in the system, some of the
parameters have least effect on the response, some of the parameters have more
effect on response.

Reason for the error in the range setting:
To trace the reason for the error in the range setting a methodology is followed

called “Reverse Engineering”.

4.2 ReverLe Engineering:

“Reverse Engineering” is a technique in which the input of a system can be
obtained from out put of the system. Some cases the input parameters specification
can be obtained from the output response of the system. In this case the output of
the fuel gauge is the response of the pointer, so based on the response the input

parameter specification can be obtained.
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Steps invblved in the Reverse Engineering:

To

start with the analysis, twenty four fuel gauges were chosen. In that,

twelve gaq)ges were of good working condition i.e., gauges were assured that there

was no elfror in the range setting. Remaining twevel gauges were found to be in

improper \torking condition i.e., assured of error in the calibration.

These twenty four gauges were exploded and their individual parameters were

measured

Inference

‘and tabulated as shown in the table: 6 and table: 7

on Reverse engineering:

After performing the analysis, it is found that the following parameters may

contribute

to the output response.

. Main magnet permeability.

. Main magnet run out.

. Main magnet face out.

. Main magnet driving height.

1
2
3
4
5. Windin
6. Windin
7. Quanti
8. Return
9. Weight

It was

g turns.

g resistance.

ty of oil.

magnet permeability.

of pointer.

found that among all the parameters the following parameters are not

exactly matching with the specification given in the production drawing

Windin
Windin

Return

V V VYV V¥V VY

Quanti

g resistance (I-1I) in Ohms.

g resistance (lI-Ilf) in Ohms

Main magnet permeability in gauss.

magnet permeability in Ohms.

ty of silicon oil in milligrams.
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5. Ideﬁtifying control and noise factors:

Controﬁ factors:

Q)ontrol factors are those factors that a manufacturer can control in the

design d)f a product or in the design of a process or during a process.

Noise f%ctors:

control

Noise factors are those things that a manufacturer cannot or wishes not to

for cost reasons. Noise factors may be controlled temporarily during an

experiment, but in an actual production or customer environment may not or

cannot be controlled at all.

Noise factor are either too expensive or impossible to control on a

continuous basis, the focus of the experiment should be on the effects of the true

control factors.

Description

Control factors

Noise factors

Main magnet & Return

Magnet design,

Chemical composition

magnet Material specification Material batch variation
Ambient temperature
Humidity
Winding Design, Winding method Specific resistance
Winding tension, number | Dia of wire
of turns Batch to batch variation
Quantity of oil Weight of oil Operator's performance

Viscosity of oil

Method
Equipment

of usage

of
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6. Selektion of levels for the facfors:

TL:\e selection of levels for each factor decides the number of experiments
to be conducted

Task aids used:

1. Product or process technical experts.
2. Product or process specification or operating limits.

Product|or process technical experts:

Selection of levels for the factor basically depends upon the type of the
system or product or manufacturing. The fuel gauge is more sensitive to the
variation since it is basically operating on electrical principle. And hence,
controlling parameter levels are difficult. So the selection of levels were limited to

two. Hence expert advised to select two levels for the experiment.
Product specification (or) operating limits:

experimentation, by referring specification it is advisable to only two levels

3

addition to the above, fixing of levels should have a consistency while

instead of more levels. Because repeatability will not be there in case of having
more than two levels. Hence based on the drawing specification also the levels

for the experiment is chosen as two.

S.NO PARAMETERS UNIT MIN LEVEL MAX LEVEL
1 Winding Ohms 53.3 54.3
resistance (I-1)
2 Winding Ohms 49.8 50.8
resistance (l1-11)
3 Main magnet Gauss 460 505
permeability
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7. Selecti

Ort
and their

Hence the
and their

Number o

1. Windir
2. Windirn

on of appropriate orthogonal arrays:

hogonal array is table, which provides the combinations of parameters,
evels with in which the experiment is to be conducted.

> selection of orthogonal array depends upon the number of parameters

evels.
f parameters: three namely,

1g resistance (I-11)
1g resistance (I1-111)

3. Main magnet permeability.
Number of levels: two, namely
1. Min leyel
2. Max level.
In order to select the number of experiments to be conducted is given by the
formula,
2 K
where 'k’|denotes number of parameters.
Number of experiments to be conducted =2°=8
Task aid used:
Orthogonal array selection table
For, number of parameters = 3 and number of levels = 2 the orthogonal array is
shown in the table: 8 »
TABLE:8
ORTHOGONAL ARRAY
EXPERIMENT OBSERVED
TREATMENT FOR
A B C |RESPONSE

1 -1 -1 -1 Y1

2 -1 -1 1 Y2

3 -1 1 -1 Y3

4 -1 1 1 Y4

5 1 -1 -1 Y5

6 1 -1 1 Y6
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8. Selecti
All th
character
paramete
Some
paramete
individual
picture to
To

their impz
considera
BC and tt

was analy

9. Condu

e selected parameters have an

on of factors that may influence the selected quality characteristics:

influence on the selected quality

stics. The degree of influence on the quality characteristics may vary

r to parameter.

parameters have greater influence on the quality characteristics. Some

rs have less influence on the quality characteristics, hence considering the

parameter’s influence on the quality characteristics does not provide a real
optimize the response.
avoid such type of controversy, study of interactions of parameters and

act on quality characteristics does provide a clear vision by taking into
tion of interaction, the three of A, B and C A are combined as AB, AC and

1ese combined effects are studied. And their relationship on the response

zed after conducting the experiments.

cting test described by trials in orthogonal array:

After performing the planning phase, the conducting phases are carried out

as described in the orthogonal array table: 9.
In order to consider the noise factors, eight experiments were carried out in

the randa

m sequence. While performing the experiment, the noise factors have

greater impact on the response and fixing the parameters level.

For example,

In the morning, while starting the production operator performs his work in an

efficient

anner than in the afternoon or in the evening. Similarly, the ambient

températ re may vary time to time results influence while conducting the

experiments.

Hence the experiments were conducted in a random order in order to

consider the noise factor's influence on response. Like wise the experiments were
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conducﬁed and their response are plotted in the table: 9. The fuel gauges has two
respon%es namely, half and full position in terms of degree in the
table : 9

For example,

Ex no 1

The parameter A is fixed in the Min level = 53.3 Ohms.
The parameter B is fixed in the Max level = 49.8 Ohms.
The parameter C is fixed in the Min level =460 Gauss.

The experiment trial were conducted and the response of half position and full

position is recorded,

Response - half position =435°
Response — full position =76.5°
Hence the experiments are conducted in a random order in order to consider the

noise factor's influence on the response.

10. An#lysis and interpretation of results of the experimental trials:

\
fter conducting all the experiments the response are tabulated in the

orthogonal array table. In order to know the pattern of variation in the observed
response, the observed data are transformed in to a graphical form as shown in the
figure: 14 for half position Similarly the response of full position also displayed in the
figure: 15

‘

rom the figure: 14 and figure: 15, It was found that the responses are
scattered in both min and Max level of the specification of response as shown in the
table 9 A
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OPTIM#ZATION OF PARAMETERS AND THEIR RESPONSE: (By considering

main .e*fect of parameters on response for half position)

{\fter performing the response analysis in the above, the observed responses
are plohed in a table called “Response Table” as shown in the table : 10. “response
table H;s a table, which provides the estimated main effect of parameters on
response”. This table is designed for estimating and calculating the optimized
parameters and their optimized response of the given system of study.

The table: 10 meant for calculating optimized response by considering only
the main effect of individual parameter on response. Based on the procedure given

in the response table, the observed responses are plotted for half and full position.

Optimization of response (H):
The observed responses are transformed into “response table”. The values of

the responses are plotted by performing procedures given in the response table: 10.

The objective of the experiment is to eliminate the error and to optimize the
response. Hence the objective function is taken as minimization. To optimize the

response a formula is given in the table: 11

Optimization of response for Half position:

Optimized Response (H) Y bar mn =Y bar + (Asbar - Y bar) + (B1 bar-Y
bar) + (C4 bar - Y bar)

Where, Y bar mn - Optimized response for half position.

Y bar - Average of all response for half position.
Asbar - Average of response corresponding to As.
B, bar - Average of response corresponding to B+
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Cq bar - Average of responses corresponding to C+.

Y bar = 44.63, A, bar = 44.13, B, bar = 43.88, C; bar = 44.88
Y bar =/44.63 + (44.13 — 44.63) + (43.88 — 44.63) + (44,88 — 44.63)

= 43.1 Degree.
Optimi#ed response for half position (H) =43.1 Degree
Optimi#ation of parameters:

From the table: 11 the estimated “ Main effect of parameters on response” is

plotted in terms of graphical form as shown in the figure: 16.

(a) Estimated main effect of “A” on response = 0.975 °
(b) Estimated main effect of “B” on response  =1.5°

(c) Estimated main effect of “C” on response  =0.5°

o optimize the parameters a dotted line is drawn in the figure: 16 from the
response graphs A, B and C, such that, the value (or) point closer to the optimized
response value of 43.1 degree, is taken so from the graph, it was found that, the

dotted line meets at A, Biand C4 coordinate on the X axis.

Hence qhe optimized response, is given by,

(1) Win#ing resistance (I-11) = A= A1 = 53.3 Ohms.
(2) Wint#ing resistance (Il -Ilf) =B = B1 = 49.8 Ohms.

(3) Mair{n magnet permeability = C = C1 = 460 Gauss.
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OPTIMIZATION OF PARAMETERS AND THEIR RESPONSE: (By considering
the interaction of parameters on response for full position)

‘The observed responses (F) are transformed into response table as shown in
the|table: 12. The values of observed response are entered, by performing the
procedures given in the response table. The objective function is taken as
minimization, therefore the optimized response is obtained by a formula given in the
table: 12.

Opqimization of response for full position:

Opﬂlmlzed Response (H) Y bar min =Y bar + (Asbar - Y bar) + (B bar-Y
bar) + (C4 bar - Y bar)

Where, Y bar min - Optimized response for half position.
Y bar - Average of all response for half
position.
Asbar - Average of response corresponding to Ay
B, bar - Average of response corresponding to B4
Cibar - Average of responses corresponding to C4

Y bar = 78.06, A4 bar = 77.625, B bar = 77.625, C1bar = 77.75

Y bar = 78.06 + (77.625 — 78.06) + (77.625 — 78.06) + (77.75 — 78.06)

=76.9 Degree.

Op%imized response for half position (H) = 76.9 Degree
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Optimization of parameters:

- From the table: 12 the estimated “main effects of parameters on response’
are plotted interms of graphical form as shown in the figure: 17.

(a) Eﬁtimated main effect of “A” on response = 0.875°
(b) E#stimated main effect of “B” on response = 0.875°
(c) E#timated main effect of “C” on response = 0.625 °

.~ To optimize the parameters a dotted line is drawn in the figure: 17 from the
response graphs A, B and C, such that, the value (or) point closer to the optimized
response value of 76.9 degree, is taken so from the graph, it was found that, the
dotted line meets at A4, Biand C4 coordinate on the X axis.

Hen#e the optimized response, is given by,

(1) Winding resistance (I-1l) = A = A1 = 53.3 Ohms.
(2) Winding resistance (Il -lll) = B = B1 = 49.8 Ohms.

(4) Main magnet permeability = C = C1 =460 Gauss.

OPTIMIZATION OF PARAMETERS AND THEIR RESPONSE: (By considering
interaction effect of parameters on response — Half position)

Optimization is a continuous process, it can be done further and further as per
the optimization is concern, considering interaction effect of parameter on response
does provide better optimization than considering only main effect of parameters on
respanse. In connection with the above, the “response table” three more column is

added to take into consideration of interaction of AB, AC and AC.

' The same observed responses are entered in the modified response table
and the estimated main effect and estimated interaction effect are found out for the
response of Half position. The modified response table for including the interaction is
shown in the table: 13. From the table, the estimated intgraction of parameters of
AB, AC and BC were as follows,
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(a)Es

(b) Es

timated interaction effect of AB = 0.25 °

timated interaction effect of AC = 0.75°

(c) Ee%timated interaction effect of BC = -0.25 °

The above values are plotted interms of graphical form is shown in figure: 19

also main effect of parameters are included shown in figure: 18. From the figure: 19

it was

combi

and C.

optimi
those

found that, “AC” combination having more impact on the response than other
nation of AB, BC. Similarly, in the main effect “B” having more impact than A

Based on figure: 19, the “AC” combination can be taken for further
zation, but it is necessary to know, whether there is an interaction among
parameters of “A and C” itself.

Similarly to know, interaction among ‘AB, ‘BC’ a method are followed called

“Average response table method” in which an average response are obtained at

different combination of those parameters is shown in table : 14, 15 and 16.

Based on the average response tables, the interaction graphs are drawn

separately for AB, AC and BC as shown in the figures: 20, 21 and 22 respectively.

“By 1

eferring the figures it was found that all the combination having a strong

interaction between them?”, is explained by a rule as follows,

(1) When the two lines of graph, “Parallel with each other” represents there is no

in

re

eraction among those parameters.

(2) Wten the two lines of the graph "non paraliel or interact with each other”

resents there is strong interaction among those parameters
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AVERAGE RESPONSE TABLES - INTERACTION EFFECT OF PAF

TABLE : 14 AB INTERACTION

LEVELS FOR FACTORS OBSERVED |AVERAGE
A B RESPONSE |[RESPONSE
1 1 43.5+45.5 44.5
1 2 43.5+45 44.25
2 1 44.5+43.5 44
2 2 46.5+45 45.75
TABLE: 15 AC INTERACTION
LEVELS FOR FACTORS OBSERVED |AVERAGE
A C RESPONSE |RESPONSE
1 1 43.5+45 44.25
1 2 45.5+43.5 44.5
2 1 44.5+43.5 45.5
2 2 43.5+45 44.25
TABLE: 16 BC INTERACTION
LEVELS FOR FACTORS OBSERVED |AVERAGE
B C RESPONSE [RESPONSE
1 1 43.5+44.5 44
1 2 45.5+43.5 44.5
2 1 46.5+45 45.75
2 2 45+44.5 44.75
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From the above rule (2), the “AC” combination having strong interaction than
other,.hénce it is advisable to select the “A C” combination for optimization, similarly,
from thé “main effect graph” it was found that “B” having more impact on response.

Hence \B and “AC” are chosen for optimization, is given by the formula.

Y bar mi = (Grand mean of all responses) + (A and C contribution) +
(B Contribution)

4463 + (44.25% — 44.63) + (43.88 — 44.63)

43.5 degree

o 44.25 were chosen, from the average response table of AC. l.e., select minimum
average response value among all the values. Corresponding levels of A and C

are 11 and -1 respectively.

Optimization of parameters:

table for AC, corresponding to the value of 44.25 ® as A = 53.3 Ohms and C = 460

Te parameter level for A and C are selected from the average response
Gauss.

he parameter level for B are selected from the response table ( ) as B =
49.8 Ohms.

Optimiz%d response for half position

1. Winding resistance (I-11) = A =53.3 Ohms.
2. Winding resistance (ll-11l) =B =49.8 Ohms.
3. Main magnet permeability = C =460 Gauss.
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OPTIMIZ ‘TION OF PARAMETERS AND THEIR RESPONSE: (By considering
interaction effect of parameters on response — Full position)

The same procedure of the above was followed. The observed responses are

entered in

parameter

to the modified response table: 17 and the estimated interaction effects of

s are obtained for AB, AC, BC.

(a) Estimated interaction effect of AB = -0.375 0
(b) Estimated interaction effect of AC =-0.675°
(c) Estimated interaction effect of BC = 1.375 0
The above values are plotted interms of graphical form is shown in figure: 23

and combination of main effect and interaction effect is shown in figure: 24. From the

figure: 24
than othe
Si

C haVing

T

response
the table

it was found that, “BC” combination having more impact on the response
r combination of AB, BC.

milarly A and B of main effect on response (F) having equal magnitude, but
less influence on the response (F).

he “BC” combination can be taken for further optimization. As mentioned for
half position, the average response tables are drawn, which is shown in
17, 18 and 19 for AB, AC and BC respectively. But it is necessary to know,

“whether

based o

for AB, A
» “B

interactia

hence it
the “mai
“A” and

there is an interaction among those parameters of “B and C” itseif. Then
n the average response tables, the interaction graphs are drawn separately
C and BC as shown in the figure: 25,26 and 27 respectively.

y referring the figures it was found that all the combination having a strong
n between them”. The BC combination having strong interaction than other,
is advisable to select the “B C" combination for optimization. Similarly, from

n effect graph” it was found that “A” having more impact on response. Hence

AC” are chosen for optimization, is given by the formula.
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AVE*?AGE RESPONSE TABLES - INTER ACTION EFFECT ON THE RESPONSE(F)

TABLE: 17 AB INTERACTION
LEVELS FOR FACTORS |OBSERVED | AVERAGE
B C RESPONSE | RESPONSE
1 1 76.5+78.5 77.5
1 2 78+77.5 77.75
2 1 80+78.5 79.25
- 2 2 79+77 78.0
TABLE: 18 AC INTERACTION
LEVELS FOR FACTORS |OBSERVED | AVERAGE
B C RESPONSE | RESPONSE
1 1 76.5+78 77.25
1 2 78.5+77.5 78.0
2 1 78.5+79 78.75
2 2 78.5+77 77.75
TABLE: 19 BC INTERACTION
LEVELS FOR FACTORS |OBSERVED | AVERAGE
B C RESPONSE |RESPONSE
1 1 76.5+80 78.5
1 2 78.5+78.5 78.5
y. 1 78479 78.5
2 2 77.5+77 77.25
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Y bar min = (Grand mean of all responses) + (B and C contribution) +
(A Contribution)

78.06 + (77.25* — 78.06) + (77.625 — 78.06)

76.8 degree

e 77.25\were chosen, from the average response table of BC. l.e., select minimum
average response value among all the values. Corresponding levels of B and C

are 1 and 1 respectively.

Optimization of parameters:

The parameter level for B and C are selected from the average response
table for AC, corresponding to the value of 76.8 % as B = 50.8 Ohms and C = 505
Gauss. The parameter level for A are selected from the response table: 17 as A =
49.8 Ohms.

Optimized response for full position

1. Winding resistance (I-II) = A =53.3 Ohms.
2. Winding resistance (lI-111) =B =50.8 Ohms.
3. Main magnet permeability = C = 505 Gauss.

10. Conducting conformation experiment:

‘Based in the above analysis, the parameters and their responses are
optimized. In order to conform the optimized values an experiment was conducted
called “ conformation experiment”

According to the analysis the optimized parameters and their response are

1. Winding resistance (I-II) = A =53.3 Ohms.

2. Winding resistance (lI-lf) =B =49.8 Ohms.

3. Main magnet permeability = C =460 Gauss.
Respo%se for half position = 43.5 Degree
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Reépobse for full position = 76.8 Degree

The abo\ye levels are fixed and the experiments are conducted and the responses
were recorded.
Respo‘nse for half position = 43.5 Degree

Respoinse for full position =77 Degree.
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RESULTS AND DISCUSSION

Qontinuous monitoring and control of any manufacturing results in
consiste%ncy of product and process.

ﬂhe case stud?/ problem i.e., fuel gauges care affected due to certain
paramefers in the manufacturing. They have been found by adopting reverse
engineering methodology. However, the experts and employees have also
conformed the same when it was brought to the knowledge.

Iﬁ is found that the some of the parameters are not exactly matching with the
design specification. A suitable standardization may be thought of with respect to the
end application.

. Main/magnet permeability.

. Main|magnet run out.

. Main magnet face out.

. Main magnet driving height.
. Winding turns.

. Winding resistances.

. Quantity of oil.

. Return magnet permeability.

O 00 N o g b w DN =

. Weight of pointer.
For the|purpose of optimization three parameters are chosen namely,

magnet permeability

2. Winding resistance (I-I)

3. Winding resistance(ll-Il)

he above three parameters which are not exactly matching with the design
specification. The optimization of the parameters and the responses are performed
by using Taguchi technique, the optimization is carried out by considering main
effect and interaction effect of the parameters on the response. And the interaction
effect-on response provided better optimization than main effect of parameters on

the responses.
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The optiﬂnized parameter and responses are as follows

1. Winding resistance (I-1) = A =53.3 Ohms.

2. Winding resistance (II-il) =B =49.8 Ohms.

3. Main jnagnet permeability = C =460 Gauss.
Response for half position =43.5 Degree
Response for full position = 76.8 Degree

Recom+endations

1.

Above problem can be eliminated by the selection of main magnet permeability
value between 460 to 505 gauss value.

The J(vinding wires should be with in the specification level of recommendation.

. Use kew technologies to fill the quantity of oil inside the bobbin

Provide training to the employees to perform write method of filling the oil.

Ultimately selection or purchase materials as per the specification will definitely

eliminate error and reduce the percentage of rejection.
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CONCLUSION



CONCLUSION

Thee author's attempt in search of solution to the selected case study problem,
fuel gaug}e calibration have proved that the quality should be improved on continual
basis. T ‘e experiments conducted resulted in the identification of the parameters
and noisi factors influencing the quality of fuel gauges. The noise factors may be
brought under control if there is an improvement in the process technologies, such
as filling| exact quantity of oil. etc. It may be that in the earlier decades the
importances of fuel gauges were not felt. But, now the scenario has brought every

element of a product into focus.

‘The winding resistance (I-ll), Winding resistance (lI-lll), main magnet
permeability are the control parameters influencing the output response in the range
setting other than the noise factor (i.e.) quantity of oil. The output response has been
optimizecJI with the help of Taguchi’s design of experiments. They are recorded as
follows

The optimized parameter and responses are

1. Winding resistance (1-11) = A =53.3 Ohms.

2. Windi g resistance (lI-111) =B =49.8 Ohms.

3. Main magnet permeability = C =460 Gauss.
Response for half position =43.5 Degree
Response for full position = 76.8 Degree

The conformation experiments show that there is an improvement in the
reduction of percentage of rejection. Hence, the rejection percentage could be
brought it down to a large extent provided we implement the recommendation in the
system. However, the author and the guide feel that there are lot of scope for further

improvement.
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Scope fbr research:

The extension of the above research can made much more better by
selecting more than two levels. In connection with this, three levels are chosen in
order to perform analysis by using another optimization tool is called “Central
Composite Rotatable Design”. Based on that, the number of experiments to be
conducted is increased and experiments are conducted by taking into consideration
of three levels for each parameter. The analysis work is under the progress, it will

completed in future.
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