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Message fromlJERGS

This is theSixth Issue of th&Sixth Volume of International Journal of Engineering Research@eneral Science. A total
of 5 researclharticlesare publishednd wesincerely hope that each one of th@sovidessome significant stiulation to a
reasonable segment of our communityasHders.

In this issue, we have focused mainly on bheovative ldeas We also welcome more research oriented ideas in
upcoming Issues
Aut horés response for this issue wafomrmary kduntriesh thisigsuer|i

but our technical team and editor mens@cceptedsery less number of research papers for the publication. We |
provided editors feedback for every rejected as well as acceapeaiso that autharcanwork outin the weakness more
and we shall ecept the paper in near future.

Our team havedone good job however, this issue may possibly have some drawlaacksherefore constructive
suggestions for further improvement shall be warmly welcomed.

IJERGS Team

International Journal of Engaering Research and General Science

E-mail i feedback@ijergs.org
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IMPROVING PRODUCTIVI TY AND MAINTAINACE E FFICIENCY OF AN
AUTOMOBILE INDUSTRY THROUGH LEAN - PRODUCTION CUM
MAINTANCE SYSTEM

Mukesh Kumar Bhdr (M. Tech Scholar),
Prakash Girwal(Guide),
Praveen Patidar (HOD)
Vikrant Institute of Technology & Management, Indore, MNPukesh6sept@gmail.com

Abstractd A production practice that aims to minimize shgor inventory and maintenance related losses in a Lean Develo

ped

production model. To achieve as close to minimum inventories means stockless production, with minimum maintenance losses.

As possible its origins extending deep into developed workggbhrtiaterial control policies. By eliminating the costs of storage and

capital tied up in inventory it is possible to eliminate seven wastages like zero defects, setup time, breakdowns |deahdiiing,

and surging. Goals of Lean production is, all giforts directed for achieving zero inventory by producing the components or

assembly parts when exactly it needed, and such tight scheduling is possible only by an efficient maintenance systbgsis T

his

introduces the development of Lean based raaamice system and their immediate effects on the productivity of industry. In an
exploring automobile industry many techniques are invented and implemented to discover to know how an automobile manufactt

can bring down his costs, using the advance prtialu management theories, in their existing processes.

This research work discusses the combined issues and solution of lean thinking and maintenance in a way to improveeperformanc

indicators. The impacts of lean thinking focus maintenance in an aggem. The need of maintenance to align itself with the
business objectives in relevant of any organization performance measures are important inputs to improvement the gorbductiv
organization, and maintenance in particular, through lean tools &ities

Keywordsd Lean production, Lean maintenance, stockless production, JIT, Impact of lean thinking, Zero inventories, and
Performance indicators.

Introduction

Today, the organizations must be flexible in their operations, capable of produciityg preadducts and delivering the products to the

customers with competitive price. These demands highlight the need for high levels of overall system trustworthindasl¢héiein
reliability of human resources, machines, tools, material handling sysbéimes value adding processes. Low efficiency, downtin
and poor machine performance is often linked to incomplete plant repairs, which in turn can lead to reduced manufagtu
increasing costs, market opportunities, and lower profit. These $alotrve given firms the inspiration to explore worldwide wit
proactive modern management methods.

Mai ntenance: As per EN 13306 ACombination of all t ec hemi

ty

e
e lev
h

c al

intended to retain it impr restore it to, a state in which it can perform the required function (function or a combination of functiops) of
an item which are considered necessary .The key purpmse o
should beattained in a cost valuable way and in according with environment and safety guideline. Hence, that maintepance

management must align with business activities at strategic, tactical, and operational levels.

Maintenance management: Maintenance managemetescribed as activities in order to ensure the efficiency, effectiveness
costef fectiveness in the maintenance area and where t hessoy

and
er

Lean Thinking and Maintenance: Protlon units are expecting to gain economical cost, quality, and service and on time deliveries.

The effect of preservation on these variables has provoked increased attention to the preservation areas as an cofmb
competence improvement.

ne p

Lean maingnance: The systematic approach to identify, analyze and eliminate waste through proper management and continu

improvement. In industry, lean approach is as same the concept of efficient maintenance by eliminating waste in madriteaang
maintenane.
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Parts of Lean maintenance: Proactivehis is not similar to tradition system of maintenance in which reactive action are taken
break down occurrence, in which maintenance operation take place on equipment failures by performing repairiimgproaktve
lean maintenance system prevention are more important than repair and follow before the equipment failures. By theoéxe
preventive and predictive maintenance repairing in the form of maintenance can be eliminated.

Planning and scheting - Planned maintenance give the comfort zone to do the work with a predefined strategy that identif
steps of process, labor selection as per skill, availability of parts and materials, suitable time to perform maintehtaut®ical
experti®. Scheduled maintenance is the issuance of a work order with a designed time frame to perform the task coordinat
the different departments.

Total productive maintenanceTPM is the main pillar of lean maintenance. For optimizing the relialziliy effectiveness, it is an

after

cutiol

y task

2d an

initiative of lean maintenance. TPM is proactive maintenance based on team work , based, utilize every level employees of

organization. TPM prepare for a shop floor maintenance system to save from kinds of

IMPROVING PRODUCIVITY AND MAINTAINACE EFFICIENCY OF AN AUTOMOBILE INDUSTRY THROUGH LEAN -
PRODUCTION CUM MAINTANCE SYSTEM

COMPONENTS OF LEAN MAINTENANCE

3.Total 4.Reliability
2.Proactive productive centered 5.Kaizen
maintenance| maintenance

6.Autonomous
maintenance

1.Planning ang
scheduling

FIGURE-1: PARTS OF LEAN MAINTENANCE

Reliability centered maintenaned o determine the maintenance requirements of physical damage (break d@regeant operating

context. While TPM objectives is to maintain equipment effectiveness with reliability, RCM concept is based on opti
maintenance effectiveness.

Kaizen - Kaizen is a methodology of continues improvement whether it is small imeolr importance. Kaizen in the kaize
methodology every process should be evaluated at the regular basis in terms of different parameters like requiredréthe
resources, in form of quality etc.

Autonomous maintenanceThis is system of periodimaintenance examples equipment lubrication, cleaning, Vibration check
noise difference etc.

Waste:Waste is defined as any resource or activity rel atisd

case defined as equigent availability.

Laws of Simplicity:

Reducé To simplify the process best way is to reduction in steps.

Organizei Organizing the working and process in a well know system is key step to simplify the work.
Timei Saving of time give the more comfable situation, as it provide more time to perform efficient work.
Knowledge & Skilli An overall view (knowledge) and skill about the subject make the work simpler.
Differences- Ease and difficulty require each other.

7 www.ijergs.org
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Emotioni Getting the emotionare very good.

Trusti Trust on self and team make the work feel simple.

! Knowledge

FIGURE 2: LAWS OF SIMPLICITY
5S Wor kplace Organization: There five 656 which gui zeepand
Sustain.
Sorti Shorting is the step which ensure only required and useful tools and raw and components are available at work plag
unnecessary items in any form available in the work place andefal process is being follow in the work place so only theffityit
really required tools, components, instruments and process are shorten and available at the work place
Set in order Optimization of work place is possible just by a simple way of arranging the tools and instruments and all other v
facilities like files, drawings, manuals in a manner that all these are set in order in which these will be used. For identi
nominate the items to make easier to find them and use.

Shinei At work place each items must be in clean status which help to gesglositive attitude for working so keep a habit of

Standardize

Set in
order

FIGURE - 5S WORKPLACE ORGANIZATION

swiping and cleaning on every day.

Standardize By making the stands for each step of process all over work become the standardize and each staff can penfierm

efficiency in a standardize work system which will leads the quality production in lower cast with minimum possibilifesisf d

Sustair Al | Sféouwrescri be above must be maintain s amebegoresaisiciess

full implementation of 5S.

Literature review: Maintenance is considered as an activity that contributes to improving the availability, efficiency and produ

of each piece of equipment. The maintenance in the industrial sectarcheasingly gained importance in enterprises. The curr
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demands of todaybés companies require the maintenance a
innovative techniques and methodologies to manage in the most efficienMai@yenance shares significant operating costs in
organization. It is considered as a main pillar of the organizational performance. The combined issues of lean think
maintenance in particular performance is applicable as indicators to idémtifynpact of lean thinking within maintenance. Leg
practices in manufacturing involve the elimination of wastes. Lean manufacturing are widely used by industries to ebstimateiw
make the process more efficient. Concepts Lean manufacturing isely wlidcussed and applied manufacturing philosophy, i
variety of industries across the globe. The fundamental concept of lean manufacturing is to provide a quality produsbwil
ensuring that the product does not cost too much to the customerMasarfacturing has become a worldwide phenomenon. It

quite successful in drawing the attention of companies of all sizes.

PROBLEM FORMULATION:
Breakdown Maintenances issues.
Lack of integrated maintenance planning and production scheduling.

Lack of furdamental production concept, Trick & techniques.

1.

2

3

4. Lack of work efficiency.

5. Unawareness about the practice TPM.

6. Unnecessary loads.

7. Uncontrolled Waste formation.

8. Process Waste: Wastes due to long setup time, waiting time of inventory, waiting timecbhineng  waiting time of man
force, long Seup Times, unskilled handling, Zero Lead time.

9. Absence of standardize target and Performance records.

10. Miss assumption.

PROPOSED METHODOLOGY:

1. Preventive maintenancdt is a form of maintenance practice @b machine conditions controlled by performing maintenar
preferably before failures to decrease the number of breakdowns.
Implement: To implement preventive maintenance better than corrective or breakdown maintenance, we use a

maintenance plafor machines. Suggested preventive schedule maintenance plan format has shown below.

INTEGRATED MAINTENANCE PLANNING AND PRODUCTION SCHEDULING
Observation Plan Mant. in| Ensure | Follow | Obs. and
Allocate Pre (Failure / P1) Operate thel prod. breaks parts Maint. Per. Fb.
machine | Check | Ok Sch. Maint. M/C Ava. sch.
Area 1
Area 2
Area 3
Area 4
Area 5
Area 6
TABLE1l: SAMPLE FORMAT FOR INTEGRATED MAINTENANCE PLANNING AND PRODUCTION
SCHEDULING
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2. Integrated maintenance planning and production schedufintpe case of a preventive maintenance strategy, both mainten
and production decisions are relevant. Determining maintenance decisions individually based only on the stateesf machin
INTEGRATED MAINTENANCE PLANNING AND PRODUCTION SCHEDULING

Observation Plan Mant. in| Ensure | Follow Obs. and

Allocate Pre (Failure / P1) Operate thel prod. breaks| parts Maint. Per. Fb.
machine | Check| Ok Sch. Maint. m/C Ava. sch.
Area 1
Area 2
Area 3
Area 4
Area 5
Area 6
TABLE 2: SAMPLE FORMAT FOR INTEGRATED MAINTENANCE PLANNING AND PRODUCTION SCHEDULING

Where: Sch- Schedule, Mainti Maintenance, Fail- Failure, Pl - Pre indication, M/G Machine , Obsi observation, Fbi

feedback, Pef.performance, Prod. Production, Avai Availability

3. Apply fundamental concept of Lean maintenance dike

A Reduce all resour ce n e edekcongistemtpnitht ashjeving the degired leled ol eqeipment relmts
(output).

A Developed Reliability (loss in quality, stop times, | (
A Storage (reduce the store value at the same time as Yyd
A Use of new technology |ike Ensure |l ess need for meiamlt

value at the least possible cost.

4. Implementation of 5S methodology: To develop enthusiasm, avoid slow working, arghatozorg process, it is suggested t
implement 5S in following steps.

Departments Implementation format of 5S methodology Date

eéxy zé dd/mmlyy

Form No. - 00X Sort Set in order Shine Standardize Sustain
Work space

Machines/ Equipments
Work bench/ Table/ panel

Process
Quality Checks
Feed back

Others/ Miscellaneous

Remarks

10 www.ijergs.org
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Sign. eeeeee. e. . e eeéeeée (éééééééeéeééeeee.
Name eééeééeée.| ééé. . eeéeé .. éé¢eeeeeeeeeeee

Prepared by | Filled by | Checked by Approval / Authority

TABLE 3: TABULAR FORMAT OF 5SFOR IMPLEMENTING, CONTROLLING AND COLLECTING
FEEDBACK.

5. TPM Implementation

6. Ergonomics

ERGONOMICS PARAMETERS OBSERVATION FORMAT
Parameters OBS. Parameters OBS. Parameters OBS.
Observation date Exertion Posture Asked correction
Location Department Exerted body part Suggested correction
Machine Exerion in minutes Approved corrections
Operator Operators complains Remarks (if any)

TABLE 4: FORMAT FOR ERGONOMICS PARAMETERS OBSERVATION

7. Just In Time Manufacture (JIT): JIT will lead the organization to producing the necessary units, in the ynqoassiies at the
necessary time with the required quality.
8. Performance indicators The system of performance indicators it is required to use the tools like score board. Performanc

indicators tools must have with the criteria which restricted to sahe appropriate standards or result of work in practice.

Score Board- Performance indicators Format For a Day

Name X Y Z B

Performance indicators rang

Sectors

Participants Departments

Actions

Review

Standard

Aims/ Taget

Time

Previousmeasure

Organizational goals
TABLE 5: SCORE BOARD - PERFORMANCE INDICATORS FORMAT FOR A DAY

9). Reconfigurability: TO eliminate the situation of miss assumption in the work cell or stores required the ability sotbleang
process and check each and every single machines for the process go from good part to good part as quickly as possible. The
absences of such practice result in manufacture time lost. Such practice will avoid the disturbance of the mechanécrtorobeck
of unlike maintenance parts or components in the work shop at the time of maintenance it will also result in form dftsaeirfigro
selection of actual requirement.

11 www.ijergs.org
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RESULT & DISCUSSION

). Result of implementation of Preventive maintenane.

1. Reduction in disturbance in work plan improved by 30 %.

2. Improvement in availability of repairing parts and components 30%.
3.  Maintenance efficiency improved by 30%.

4.  Growth observed in production flow 10%.

m Preused Methodology = Proposed Methodology

10

8

6

4

i

0 T T

RDWPI IARPC MEI GOPF

Figure: Result of implementation of Reventive maintenance

). Effect due to integrated maintenance planning and production scheduling:
1. Efficiency of control and planning 20 % improved.

Control on uncertainty 30 % improved.

Systematic Plan for maintenance 50% improved.

Reduction in claslnig of production and maintenance plan 10% better.
Problem solving approach 0% changes.

Effective Problem shooting 10% improved.

Achieving the target of scheduled repair 10% improved.

© N o o ks~ owDN

Improvement in repair parts inventory management 10 % improved.

m Preused Methodology m After Methodology

10

O T T T T T T T T 1
ECP Cu SPM RCPMP  PSA EPS ATSR IRPIM

Figure: Effect due to integrated maintenance planning and production scheduling

). Lack of fundamental production concept, Trick & techniques:

1. Control on equipment and parts inventory 20% improved.

12 www.ijergs.org
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2. Stop timesl0%decline.
3. Storage issue0% No change.

4. Technolgical awareness for minimum maintenad€86 improved.

m Preused Methodology m Columnl m After Methology

IR LELR D

CEPI TAMM

FIGURE: LACK OF FUNDAMENTAL PRODUCTION CONCEPT, TRICK & TECHNIQUES

IV). Improving work efficiency by implementing 5S methodology

1. Enthusiasm at working area among the staff 20% better.

2. Working speed 0% improved.

3. Control on waste of time and work force 20% better.

4.  Control over variation of work due to variant level of skills of different operators 30% improved.

m Preused Methodology m After Methodology

5 \
M 1/\| A 1/\| A I/\\I 1\—/‘.

0 -

EWAAS WS CWTWF CVWVLSO

FIGURE: IMPROVING WORK EFFICIENCY BY IMPLEMENTING  5S METHODOLOGY

V). Comparative chart for Awareness & implementation of TPM
1. Top management support 50 % better.

2. TPM awareness 30 % better.

3. Autonomy to operators 10 % better.

4. Impact of TPM on employees 40 % better.

13 www.ijergs.org
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m Preused Methodology m After Methodology

B _A_. _A

T™MS TPMA ATO ITPME

FIGURE: COMPARATIVE CHART FOR AWARENESS & IMPLEMENTATION OF TPM

VI1). Comparative chart for Counter of Unnecessary loads before and after Ergonomics concepts:
1. Feel of Unnecessary loa86 % decreased.

2. Physical fatigu&0% decreased.

3. Possibility of errors and mistaké&® % decreased.

4. Injuries probability40 % decreased.

m Preused Methodology ® After Methodology

i WA W e W)

PEM IP

FIGURE: COMPARATIVE CHART FOR COUNTER OF UNNECESSARY LOADS BEFORE AND AFTER
ERGONOMICS CONCEPTS

VII). Comparative chart for Uncontrolled Waste formation before and after JIT:
1. Over manufacture of parts and products 10 % decreased.

2. Unnecessary Inventory 20 % decsed.

3. Control over Faulty Products 0 % no change.

4. Unnecessary Transport 30 % decreased.

5. Waiting Time 30 % decreased.

14 www.ijergs.org
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m Preused Methodology = After Methodolgy

o N b O

OMP Ul COFP uT WT

FIGURE: COMPARATIVE CHART FOR UNCONTROLLED WASTE FORMATION BEFORE AND AFTER JIT

VIII). Comparative chart for Process Waste:

1.  Setup timed % No change.

2. Waiting time for inventory 10 % decreased.
3. Waiting time of machinery 10 % decreased.
4

Waiting time of man force 10 % decreased.

m Preused Methodology m After methodology

o N M O

ST WTI WTM

WTMF

FIGURE: COMPARATIVE CHART FOR PROCESS WASTE

IX). Standardize target, Performance recordsand Re-configurabilit y:
1. Clearly of targets 20% improved.

2. Ease of performance monitoring 20% improved.

3. Real time performance recodes 20% improved.
4

Continues effort 30% improved.

m Preused Methodology m After Methodology

10

CT EPM RTPR CE

FIGURE: STANDARDIZE TARGET, PERFORMANCE RECORDS AND RE-CONFIGURABILITY
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X). Comparative chart for Miss Assumption:

1. Unplanned maintenance 30% improved.

2. Disturbance due to maintenance of the mechanic 20% improved.
3. Disturbance to the mechanic 20% improved.
4

Sequencing of machine for maintenance 20% improved.

H Preused Methodology After Methodology

FIGURE: COMPARATIVE CHART FOR MISS ASSUMPT ION

CONCLUSION:

This research study mainly focuses on Lean Productive Maintenance and its impact on organization performance. It isa&n [empir
investigation. The study is confined to the automobile Industry.

This research guides to: reduce frequerfapachine breakdown, reduces maintenance cost. reduced production cost, enhance|quali
with control on rejection, leads to high productivity, produce quality product, in less efforts, less time, in least desemlthe
environment in which everyongant to excel for quality products, improve productivity.

This research methodology summaries following points.

A 1T proper training wil!/ be provided it wild.l r edu clack of mp |
expe i ence and awareness, resi stance to change. A Obsefr ve
creativity, initiative, belongingness and commitment, problem solving natw@,rcal i nat i on and cooperati o
i mprovement in productivity and quality and reduced fdfarc hi n
reducing marhours of production and maintenance department.

FUTURE CONCEPT:

Majority of small scale Indian automobiledustries are hesitant to adopt Lean maintenance practices, there is further scope to explol
to do comparative analysis among Lean maintenance system implemented -amglaorented small scale industries. There is also

scope for research in service sedtmlustries where heavy use of machineries in operation. For examples Transportation and H
etc.
During the Lean maintenance practices, It has been found that on life of machine no much concern. Hence there is natsl
machinedbarl ofie parameters and if required that machi ne
evaluated properly not only on the basis of production but also on the basis of reduction in breakdowns and maintertawde c
be helpful togive due regards, awards, recognition and monetary benefits to operator as per the performance of machine.
We surveyed the models integrating maintenance reasoning into production problems, optimizing the performance of tha p

system in the longetm. First, we provided a brief background on the common maintenance concepts and solution approac
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then divided the production problems in to production planning and maintenance situations into no control and partialyeontrol
machine conditions.

Implement the Integrated maintenance and production planning with partial control over machine conditions in the context of
periodic review production system. The goal should be to determine the optimal amount of investment in maintenancenfor a gi\
production quantity considering the inventory on hand.
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Abstractd The objective of the proposed research work is to investigate the use oéssmifiting coils operating in a strongly
coupled mode for wireless power transfer applications, study and optimize the results of using coils of different geometries

ersity

transfer efficiency and demonstrate the concept by transferring power wireldsisly.the theoretical analysis, derived equations and

simulations, a structure made of cylindrical coils with source radius 7.5cm capable of delivering wireless output podveratiis
an efficiency of 70% wirelessly over 10cm was built. A furthecréase in efficiency of about 8% was achieved by using
combination of a cylindrical source and spiral receiver which also has the significant advantage of being easier to imjf¢mment
applications due to sizeable reduction in volume requirechemeceiving side. Finally the wireless power transfer was also give
physical dimension by demonstrating the lighting of bulbs at 20cm at an efficiency of 51% and the wireless chargipgafnas i
attempted.

Keywordsd Magnetic coupling, resonancsireless power transfer, cylindrical coil, spiral receiver, electromagnetic simulation
software, strongly coupled regime

1.INTRODUCTION

Wireless power transfer(WPT) is recently getting much attention as an alternative energy transfer scheme withgaicahy
contact between the source and the | oad. The geni usetower €
and intended for household consumption is the basic behind the WPT process. Although existing 100 years wbé befioed of
the electric grid, but in recent past there has been a remarkable progress and research interest in making the WP
commercially viable. In addition to this, surge in use of personal gadgets and consumer electronic devices treosegudqui
charging and battery maintenance, the energy transfer through WPT technique is in demand as convenient and safeswgitied
apparent; WPT products will provide better quality of life in term of convenience but lagging much behinddmieab point of
view. However, there is abundant prospective in use of WPT as it is capable of powering household devices like renmtks a
which in turn would reduce the use of large no of batteries every year. The chemical batteries being) idisgeseto be a major
source which contaminating the ground water and produce toxins even when destroyed by incinerators. Also in some cas
wiring is not cost effective, risky or impossible then WPT may be considered as the only facilitatimgagghn

Load coil

Receiving coil

LED

~Plastic rod with
scale marking

Acrylic plates

Transmitting Coil

" Source Coil

Input from function
generator

Fig. 1: Strongly coupled magnetic resonance powering the LED.
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But unfortunately various methods of radiative, stirectional WPT systems using radio waves have resulted in failure due to the

inherent poor efficiencies and other a@liative techigues using lasers or microwaves are either unsafe or unsuitable for consg
use. Therefore this paper explores the use of a novel WPT technique that utilizes self resonant coils tuned to opeoaigyin
coupled regime. This process is both safeef@ryday use and highly energy efficient in the dimensions comparable to a typical
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making it greatly suitable for consumer applications.

2.CONTENTS
The basic idea behind this paper is that two nearby coils resonated at the same operating freeraasyirothe strongly coupled

regime mode. In this operating mode energy will be transferred between then at optimum efficiency whereas other sugpunding n

resonated objects will interact very weakly. Although it seems very much analogous to nornaéivéndoupling but basic
dissimilarity is that the inductive coupling works only for short distance and the receiver should be placed in thetffield
transmitter coil. But by resonating both coils efficiency as well as the distance of operation wilhhaced vividly. This
phenomenon can be compared to an opera singer shattering a particular glass when he/she sings the right frequengy.
coupled regime evanescent coupling is setup between the resonating coils which is electromagnetioterfuqualnturrmechanical

tunneling [2]. This means that energy is transferred from transmitter to receiver in much shorter time intervals thararergy
dissipated through ohmic and radiative losses thus improving efficiencies. In short the emasfgy tede >> energy dissipation rate

when operating in strongly coupled regime.

For the resonators let us consider a transmitting and receiving coil of cylindrical conducting loops with a capacitdrtattaehe

ends. For this configuration, the reamhangular frequency of the circuit is determined by the well known equation

Jic 1)

of

n str

U

Where, ¥ is the resonant angular frequentyjs the inductance of the coil and C is the capacitance of the coil. The coupling

coefficient of thecoils is given by the following equation. [2]

k=M 2
/2 LL, 2)
WherelL1 andL?2 are the inductance of primary and secondary coil respectively and the mutual inductance can be derived frg
savartodos | aw using simple approximations as
2 2 2
M _% A3)
2(r +D2) 2

m Bic

Wherer, rp are the primary and secondary coil radius respectively, N is number of turns of secondary coil and D is the distan
bet ween coil s. By comparing this wit h ifiedtrat theMrrov dué ta aprakindtions e d
made are negligible for dimensions comparable to a typical room.The intrinsic loss rate of the system is given by thg followi

equation [2]. And the ohmic or absorption loss and radiation loss are

G ipohm"' Rrad%l_ (4)
| [mw IN | ¢gn
/ =, |— 5
F{)hmlc 4pa 25 2a\ 2 s ()
aws 2 W
Rradlatlve g'l_Zg c 9 +3F Tée (6)
wher e the number of turns, & is cond
€1,5N28r X O o4
Rradiative: @eﬂ;r_ 8@4560(272’\'2 La (7)
\jeog 3 (;/+H g
wher e, & is wavelengt h, which is a functji
function of the couplingo-l oss ratio, o/ 0 [ 2]

The first term is a magnetic dipole radiation term and the second term is due to the electric dipole of the coil. Therseisomdich
smaller than the first term by about™¥0times for our experimental parameters and can herégl for simplicity. Therefore by
substituting for ¥ and ¢ we get

K2 A k2
+7
he=- & é ®)
a+ k2 & p |(2
zg 1(32 & 123/1 %3
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maximizinga /, fii is possible to get max efficiency. By using-(&), the following formula is derived for cylindrical coils of simila
dimensions.

é
5: n@prﬁ/ g N )
G 2(r2+D2)% g} f@WJrPNri”‘} - dn

ga\ 8 16c 6

From (9) the only obvious predictions are that it is possible to increase efficiencyrégsimg conductivity or radius of conductoa

or by decreasing distand® The rest of the factors do not have a straight forward relationship with efficiency and (9) needs
differentiated with respect to a variable to maximize efficiency.

3.SIMULAT ION

A. Efficiency vs resonant frequency
It i s imperative to state that each

power transfer is highly efficient. U s iara geatedht@ verdydghe aondepisn As
starting point two cylindrical coils of 5 turns each of radius 7.5cm connected to a suitable capacitor C is chosenemy effic
resonant frequency is simulated in Fig. 2. For this particular setup the bamd¥tHz to 100MHz is the strongly coupled region. Fi
3 is the simulation of a8/ vs frequency.
are very high and this is the strongly coupled region for ttigos

120.00%

800

Efficiency vs frequency coupling to loss ratio vs frequency

100.00% 700

/ \ 600 / \

80.00% / \
/ \ 500

60.00% / \ 400 / \

40.00% / \ 300 // \\

20.00% 200 / \

/ k 100

0.00% : : : : . / k

0 ‘ : ; ;
0.000001 0.0001 0.01 1 100 10000

0.000001 0.0001 0.01 1 100 10000

max efficiency

coupling to loss ratio

frequency(in MHz)

frequency {in MHz)

Fig. 1: Frequency characteristics of efficiency Fig. 2: Coupling to loss ratio versus frequency.

B. Efficiency vs coil size

When radius of the cylindrical coil is changed the optimum efficiencyl lzdso changes with it. In Fig. 4 the simulatio
shows the strongly coupled regions for different coil sizes. This phenomenon can be explained with (8) since r hasotoitpte f

the equation and there will adred®eg.s be an optimum 6r 6 if
120.00%

efficiency vs coil radius

/

100.00%

80.00%

: o T 0.075m
> I
o0
éeo 00% / i =———0.05m
Chaanhd ] 0
5 / / / fl Am
} / B
40.00% 1 | o
; ] —
2000% |4 N I im

N il |
Z/ A
0.00% = T T = |

0.000001 0.0001 Fre%géncy(inthz) 100 10000

Fig. 3: Efficiency versus coil radius.

C. Efficiency vs distance
When the distance is simulated as a variable in Fig. 5, it is seen that the optimum efficiency band does not shift. |It
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For the system to be efficient, the system must operate in the strongly coupled regiorti  andbas larjje as possible. Therefore K

shrinks down to a peak poibecause the resonance can no longer compensate for the increase in distance. This is verified from (8).

Py

to be

system has its own

Comp ar i n geffidiencies 2 a

ot

ratt



http://www.ijergs.org/

International Journal of Engineering Research and General Science Volume 6, Issue 6, NovembeDecember, 2018
ISSN2091-2730

120.00%

Efficiency vs distance
17;-— ‘.‘)\“

100.00%

"

80.00%

||
T
60.00% L

efficiency

40.00%

20.00%

0.00%
0.00000D.0001 0.01 1 100 10000

Frequency (in MHz)

Fig. 5: Efficiency versus coil distance.
D. Simulation of magnetic coupling

/ £

iy aa
Fig. 4: Red areas indicate strongest magnetddifollowed by Fig. 5: Better coupling betwegn cylinder transmitter and spir
yellow, green and blue. receiver.

The parameter coupling coefficient is very much important to calculate the efficiency of power transfer and remdesd to
consider different coil shape. Traditionally only cylindrical coils are used for coupling purposes but theoreticallys#ibite go
design equivalent spiral coils such that they have a higher coupling coefficient but also higher olawmidues® increased length
when compared to cylindrical coils. When the first effect dominates over the second there is higher efficiency [5].d~kig67an
using electromagnetic simulation software indicate that spiral receiver combination withricglithnsmitter shows better magneti
coupling as compared to cylindrical coils.

4 EXPERIMENT AT LOW POWER

The experiment is designed such that the setup is easy to handle. Two cylindrical coils of 7.5 cm radius 5 turns
inductively coupled to aource and load coil of similar dimensions. Although wires can be directly connected to the resonating
it is easier to do it this way. A frequency of 2 MHz is chosen which is in the strongly coupled regime and does notwittegfaye
allocatedspectrum. It is also safer than using very high frequencies like 100MHz which is also in the optimum efficiency ba
this frequency range the appropriate capacitor to be used is 1000pF. The exact resonant frequency is found to be 2.0581H
slightly different from the calculated resonant frequency of 1.93MHz (1). This discrepancy is attributed to the coils narfesing
cylinders.

A. Efficiency vs load for different distances

Fig 8 shows the graph of efficiency vs load for different distande expected according to (8) the efficiency decreases V
increasing distance. But by using strongly coupled resonance it is seen that power can be transmitted over distanges thach
any inductive system can.
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Fig. 8: Efficiency degradatiowith increasing coil distance
B. Shape of the coil

The shape of the coil is more relevant when considering the volume that the receiver coils will occupy in future appli

Different coil sizes and shapes were experimented with but the most eftoigiguration was attained when cylindrical transmitte

and spiral receiver combination is used. An efficiency improvement of 8% is seen due to increase in mutual inductang
increases coupling coefficient (2) and thus the efficiency. This confirtistivé simulation in Fig. 9 shows a graph of efficiency
load for such a configuration.

90.00% —
SO.KE%—ﬁ—QﬁIUEQLV—\’S—IOH-di
70.00% \

> 60.00%

§ 50.00% N

S 40.00% T~

T 30.00% \\
20.00% ——
10.00%

.00% T T T
-1000 1000 3000 5000 7000 9000
Load resistance (in ohms)

Fig. 9: Efficiency characteristics through a cylindrical transmitter and spiral receiver.
Network of resonators
It is perceived that when an additional coil resting at the same frequency is put between the transmitter and receive
then efficiency as well as range is enhanced. An intermediate coil can act as a relay of energy source for the nextArsg
analogy can be drawn to WIFI routers and extesiddut it should be noted that each hop will add ohmic losses but still this me
can extend range and efficiency when compared to have one pair of transmitter and receiver. Fig. 10 shows the powEifing
using a network of resonators at 60cm wiodherwise would not be possible.

C.

80
70
60
50
40
30
20
10

Efficiency

frequency (MHz)

Fig. 6: Practical experimental setup. Fig. 7: Powering of a LED using a network of resonators at 60cm
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5.EXPERIMENT AT HIGH POWER
Ideally for future applications a cstal oscillator output would be amplified by a power amplifier and connected to a resor

For this purpose a Colpitts oscillator was built and tested successfully. For the amplification a high speed amplified M&8401

used. Power levels up to 4 wattere experimented with. Efficiency vs frequency.This experiment (Fig. 11) serves to prove that
resonance point of the system there is a sharp increase in efficiency. At the resonance point of 2.05 MHz the efficgaaty This
phenomenon isamparable to an opera singer who can shatter a glass by singing the right frequency.

A. Efficiency vs load for different power levels

ator.

at the

With the power amplifier the WPT system can be tested at various power levels. The input power can be increased
increagng the amplitude of signal into the power amplifier. This experiment (Fig. 12) proves that the power input does not have «

effect on efficiency. The small reduction in efficiency is due to heating of the wire and capacitors. This can be ezibyasiug
high power components.

80.00% . .
r000% |- Efficiency vs load
60.00% ff
Z 50.00% -rj";,‘
;g 20.00% +\ 1.44 amplitude
& 3000% - 2.2 amplitude
20.00% 2.8 amplitude
10.00%
0.00% T
0] 2000 4000 6000 8000 10000
Load resistance (ohms)
Fig. 8: Effect of input power on efficiency.
B. Use of cylindrical transmitter and spiral receiver
The concept of wusing spiral structures to increase

13) served to verify that the idea holds good at higher power levels. An efficiency increase of about 8% was achieead wmsis

the findings in section 4.

80.00% —
Efficiency vs load
70.00% -r
60.00%
> 50.00%
2 I
S !
o 40.00% 1.44 amplitude
t |
= 30.00% B 1.8 amplitude
20.00% \ 2.2 amplitude
10.00% . \
0.00% T T |
0 5000 10000 15000
Load resistance (ohms)

Fig. 9: Spiral receiver coil with cylindrical transmitter.

C. Powering bulbs

To add a physical perspective to the project bulbs of different rating were lit wirelessly at high efficiencies (Rd.21¥).
bulb was lit at a distance of 20 cm at 51% efficiency with an output power of 1 watt. Other bulbs of rating 2.4V, 3.QVY avete .
also powered successfully.
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Fig. 10: Bulbs of different rating lit wirelessly with high iefencies.

D. Powering multiple loads and effect of extraneous objects

The following experiment (Fig. 15) is designed to demonstrate for powering multiple devices with different geo

resonated at the same frequency. Here we can see that a singke isaalte to efficiently power two separate receiver coils
dissimilar dimension operated at same resonant frequency. Note that experimental bench setup comprises the smallee ¢

receiver coil which is out of the line of sight. With an uniqueasddageous of not interacting with nogsonating object or extraneous

objects, the resonant magnetic waves are very much efficient in transferring power wirelessly with loss of very less energy.

Fig. 11: Using a single source aha spiral receiver to power the bulb and a smaller cylindrical receiver to power the LED.

E. Wireless charging of an ipod
Evanescent Resonant
Coupling
— ? Rectifier
signal | Power | =
s:nml lamplifier ::; L !_/5
;: Buck-boost
- | T o
output
Variable
= o
Fig. 16: FultBridge rectifier circuit with Buckoost receiver. | Fi9- 12 Suitable high current buekoos converter with Ful
Bridge rectifier circuit

metry
of
il an

D

Due to the popularity and prevalence of music players and gadgets, any aspiring wireless charging system should be ab

power such devices. The basic idea would be to convert the high frequency pawerimiot a 5V DC form for the Ipod to start
charging. Besides to facilitate the mobility of the device, the converter should be able to create a constant 5V DQifbia ACa
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supply. But due to difficulties procuring a suitable high current tharstconverter, a boost converter LTC3429 was used in
place. This circuit (Fig. 17) was tested and worked well at low frequency AC supply and charged the ipod but broke dow
2MHz range frequency is used. The reason for this was identified as the iditlkesectifier not being able to recover fast enough
rectify the high frequency AC supply. This high frequency rectification is identified as an issue for further development.

6.SAFETY AND PRECAUTIONS

Due to the high frequencies nature of this ekpent and to explore future commercial applications, it is prudent to ve
the safety aspect of the current setup. In general people are very suspicious of electromagnetic radiation and théy doesogh
But by following strict guidelines posed Igwvernmental and other international organizations like the International Commissio
Nonrionizing Radiation Protection (ICNIRP), we can ensure safety. With guidelines from these international bodies the s@fet
of this project is analyzed andig& shown that the current setup is completely safe. Within the scope of this project we arg
concerned about neionizing radiation for which the ICNIRP has published detailed guidelines [11]. According to the report the
in which electromagnetiadiation can affect living tissue are

A A time-varying magnetic field coupling with living tissue to result in induced circulating currents within the body.
A Exposure to electromagnetic fields above 100 kHz can lead to absorption of energy and tesriperatiges.

In these cases, the parameter Specific Absorption Rate (SAR) is used to assess health risks. The ICNIRP also estiavates)¢ha
person has a resonant absorption frequency close to 70MHz.
It is the view of the ICNIRP that the results fiche epidemiological research on EMF field exposure and cancer are not §

enough in the absence of support from experimental research to form a scientific basis for setting exposure guidelin
incorporating sufficient safety factors, it was clutled that for frequencies betweerl@ MHz the guideline formula is B< 0.92/f.
This constraint was verified in the project setup using a tesla meter to measure magnetic field. This shows that thetujurr
operating at 2.05 MHz range for applicationghe range of tens of watts should be safe for public use. Besides the frequency U
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much different from the human body resonant frequency of 70MHz. But it should be noted that there not enough litereideesfto de
this setup would interferewihacemaker s or criti cal devices. To the best| of
mobile phones or other electronics during experi menttadby [T he

the current setup.
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Abstractd The main objetive of the present work is to analyze the pressure compensation phenomenon and observe the vpriatic

in output flow as per change in pressure margins across the directional flow control valve. A MATLAB code is createdlanhd S
model is built for dyamic analysis of capturing compensator spool behavior in typicatgnpensated mobile control valve
Simulation results are compared with the test results and correlation is established

Keywordss Spool, compensator, orifice pressure drop, flow, MATL8iBhulink, Coefficient of discharge.

INTRODUCTION

In case of mobile valve equipments, OEMs demand precise flow control through the valve to the actuator such as hyaldeular c
motor irrespective of changes in load induced pressure. Therefore, develog of pressure compensa
preferred technology in order to satisfy the demands for better flow performance. There are different types of spoabkedivpi
the type of actuations mechanism, number of operating pasifidgrese spo#él valves include a shaft element called as spool whi
moves inside a bore of the manifold of the valve and provides the passage for oil to flow from one port to anothetolaatviéee
flow control irrespective of changes in load inddiggessures, these spool valves are assembled with one more spool which is
as compensator spool. Depending upon the position of the compensator spool with respect to main flow spool, pressuteco
valves are classified as either ym@mpensad valves or postompensated valves. In pcempensated valves, compensator is locat
upstream (before) main spool whereas in case ofquapensated valves it is located downstream (after) main spool. Furthermo
precompensated valves, compensatom normally open position which is alike to normally closed position in-pomstpensated
valves. Overall, the function of the compensator remains same and it is to maintain constant flow through the worklyp®thyof
varying its position for takingnto account the variations in the load induced pressure. Such pressure compensated valves are
helpful while operating sectional valves simultaneously at different pressures for controlling different functions ofhihe ataa
time.

HOW PRE-COMPENSATED SYSTEM WORKS:

Hydraulic schematic below shows the typical circuit of ppenpensated valve. Out of the total pressure drop across the valve, p
pressure drop occurs across the compensator and remaining pressure drop occurs across thel.rdaicosgzensator spool is
similar to pressure reducing valve where it works between two pressures. On one side compensator experiences the dorg
because of the pressure which is generated after compensator orifice which is known as controlfohzerdued on other side it
experiences the force created because of pressure dropped after main spool (metering) orifice which is knows as |@adbsens
force. The load sense chamber pressure is always less than control chamber pressure. Tfergntte iditwo pressure values is th
pressure drop occurring across main spool which is shown in free body diagram of compensator. Since the load sense [
lesser than control chamber pressure, a spring is installed in load sense chamber Whiclvidé preload generating pressure
equivalent to main spool pressure drop.

27 www.ijergs.org

imu

yli
I ed

ch
callec
mpen:
ed

re, in

va
2 USU:¢

art of
e ind
se ch

e
resst



http://www.ijergs.org/
mailto:vbmali1995@gmail.com

ISSN20912730
8
) - T T T T
7\ 7
\| S |
-~ |
B . Y
— % I Week
¥ | Section
I A
B
5
= S T —
4 .-%’ _:L
(/) 3
M, L
| ] e,
e
N -
[ . Power
S—_— pack
1
S, I

Therefore, it can be concluded that the pressure created by spring
pre-load on spool cross-sectional area iz the amount of pressure
drop occurring across main spool. When there is increase in the
total pressure drop across valve then pressure acting on
compensator through control chamber increases which malkes
compensator to shift from its normally open position by some
amount and cavses the excess of pressure drop across itself
keeping constant pressure drop across main spool ultimately
maintaining constant flow through main spool. The position
which compensator will achieve iz called as equilibrivm position
and iz dependent on the amount of change in total pressure drop.
Therefore pressure compensation is a dynamic phenomencn
which we are going to capture in present study through
zimulation in SIMULINE.

International Journal of Engineering Research and General Science Volume 6, Issue 6, NovembeDecember, 2018

Nomenclature of the symbols in  the
zchematic iz az follows
1. FReservoir (Tank)
2. Wariable displacement unidirectional pump
3. Preasure gauge for measuring inlet'supply
pressure
4. System relief valve
3. Compensator spool (Normally open)
6. Main spool (Metering orifice)
7. Pressure gauge for measuring load sense
pressure
2. Actwator (Double  acting  cylinder)
LS pressure  Spring preload

www.ijergs.org
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TYPICAL ARCHITECTURE OF PRE -COMPENSATED VALVE :
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_ Pump (supply) port
Housing
Compensator spool
<8 Main spool
Tank for Port A —— .v’r Tank for Port B
Worlk port A
— — Work port B

_ Supply pressure |:| Load sensémeterin) pressure
_ Control chamber pressure |:| Meter-out pressure I Tank pressure

DYNAMIC ANALYSIS OF PRESSURE COMPENSATION :

To analyze pressure compensation phenomenon, a math model in MASIMBLINK is build. It includes the analysis of]
compensator spool position with respect to time, main spool flow variation with respect to variation in load induced pressul

Generated math model is shown below.
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Overall valve level math model
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Math model forcompensator spool flow
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Math model for compensator spool position
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