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Punjab Tractors Ltd.,
Tractor Division,
SAS Nagar.
July15,1988

Shri S.K.Satsangl,
Head Placement and Co-ordination,
Thapar Institute of Engg. and Tech.,
Patiala - 187001,

Dear Sir,

I feel obliged to submit for your kind appraisal
my first work term report titled "INCREASED EFFI-
CIENCY THROUGH PLANNING AND IMPROVED
MATERIAL HANDLING" prepared for department
of Industrial Engineering of M/S Punjab Tractors Ltd.,
SAS Nagar,

Tractor division of Punjab Tractors Ltd.,,manu-
factures tractors under the brand name of "SWARAJ",

The Industrial Engineering department s
headed by Mr. M.S.Nagendra, Manager, and is primarily
responsible for safe and smooth running of the factory
to achieve required target of production. This department
is also responsible for process planning, improvement
in layouts, calculation of efficiencies of men and machine
and time study,

I am Immensely pleased to acknowledge
my deep sense of gratitude to Mr. M.S.Nagendra,
Manager, LE.Deptt., for his inspiring guldance and
Constant encouragement in the execution of my pro-
jects. His untiring efforts and critical evaluation of
work has enabled me to complete this work term success
fully. 1 also feel highly indebted to Mr.Darbara Singh,
Mr. Ajay Gupta, Mr.Balbir Singh, Mr. R.D.VYerma and

Mr. T.K.Goel for their ungruding help and cooperation.

This report has been prepared and written
by me on the basis of my dally diary and the work
assigned to me from time to time. Further, it has
not received any academic credit at this or any other
institution.

Yours faithfully,
Fomzz) K. Hrovess.
Roll No. 178/85 ( SANJEEV K. SHARMA )



SWARAJ TRACTOR DIVISION

No.14/92/10N/
1st July, 1988,

JO_WHOM IT MAY CONCERNg

\
Certified that Mr, Sanjiv Kumar Sharma, a student of

Thapar Institute of Engineering & Technolooy, Patiala
~has undergone practical training at our Works from
1.1-1983 to 20.6,1988,

——

During this period he has undertaken a project with us vizse:

7 ety 18 To improve the layout of the battery area and estimate
t the standard time for charging a battery,

24 To stream line feeding and handling of sheet metal
components in the Paint Shop,

3. Shaft Line (I1) (Conveyorisation & load balancing)

-4, To design a pneumatic 1ift for 1ifting of the trolley
o of gear box assembly,

e To balance the assembly operations for conveyorisation
of the Assembly Line till Engine coupling with Gear Box,
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ASSISTANT MANAGER - BARSONNEL
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PUNJAB TRACTORS LIMITED . Skt
Regd. Office: Phase IV, SA'S Nagar, Distt. Ropar-160055 (Near Chandigarn) Tel 8-7212— 15 & 8.7237 Telex 0458 WARAL A Mab
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Ilmpsoved layout of the battery oharging
sren,

Existing layout of the battery chaging
arsa,

Grsphicel represantstion of the synehive
nisation betwesn JTC and spray booth
CONVAyers,

Layout of ¢ he paint shop,

Table of operation mubers, standesd
timee and mumber of shifts,

Nov chaxt,

Proposed layout of ¢t he shaft line(I1))
Sxioting layout of the ehalt line(1I),
Drawing of the proposed puumatie 1ift,
Type of the conveyer system suggested
for conveyerisation of the sssambly shops

t of the sssemtly sheps
ng of the txolley,



ARQUT_“FUNJAR IRACIORS LINIIEDS

After the independence in 1947, the entire industrial
growth of India velied upon foreign tecimology. For setting
up of new industries India had o look out for tecilmical knowe
how from variols advanced Cowmtries. Them, only in 1965, the
Centre] Meehsnieal Engineering Research Institute, a national
laboratory of the Govermmment of India took, & bold step of
mmmwmmntunuumm
how for 26 H.P, agrioulture tractors, After 5 yeare of develop-
ment efforts by our eminemt emgineers, this imow-how was ready

for commercialisation in 1970. This wao the tactor that had
the eredit of being the only indeginised tractor in India,

In 1970, the Punjad Government %$ook up the bold challe~
nge of setting up of Punjed Tractors I%d.(PTL), for the
senufacture of the “SWARAJ TRACTORS", based on totally Indian
knowehow, PTL stafted with an investment of Rs, 30 million
with an amnual eapacity of 5000 tractors. It wemnt into commer-
“m‘uﬂaﬂbﬂl‘(”ﬁ)hlﬂﬂﬁaﬂﬂoﬂ HePo
Model, The BSWARAJ - 724",

 During the 14 years of it's existence, Punjsd Tractore

144, heo not only successfully produced thousands of "SWARAJ
TRACTORS® byt has also expanded i1t's tractor manufucturing
capacity %o 12000 per amnum., Today it 4o & Multi Division




concern manufecturing a diverse variety of produets such as
Harvestor combines, Light commercial wete vehicles, agricule

tural implenents, JFork lifts ete.
Following are $. various dévisions of"Pmjab Tractors
Limi ted"

i) SEARAJ IRACTORS RIVISIQHZ

It 1o ocituated at Sahibsada AJit Singh Nagar ( Near
Chendigarh ) in Punjab. It covers on area of about 20 acres
which has various menufacturing facilities, heat Sreatment
shop, Paint Shop, Research and Developuent Centre ete.

It asnufactures 4 models of tractors and various
agriculatural implemente.

2) SARAJ CONSHNZ DIVISIQN

I¢ 1o situstated on the kharer landran Road (Distriet
Ropar). It menufactures India's Pirot 2¢lf propelled Harvester

gonbine and Swawyaj Fork lifte.

3) SUARAJ EOUNDARX DIVISIQN:
It 1o situated at Village Majri on Kureli-Siswan road
in Ropar distriet. It produces sophistated automative Graded

Grey Iron castings both for Swaraj Tractors division end
Sware)] combine division. The Swaraj foundaxy divieion has
two oupala's several Jolt-severeese mo@ldong machines, Send
reqycliong plent, core making shop, & laboratry for testing of




lﬂ‘ﬂtﬂﬂl”ﬂtﬂ.ﬂlﬂ“—ﬂlmﬂlb’o

SUARAJ BUGINE RIVISIQUS:

It 1o being eryéoted an Sahsbgada AJit Singh Nagar in
phase XI. Thie plant 40 being set up with the collaboration of
mmmmummuwum-uw
by fake Govemar of Punjab My, 8,8, Roy in December 1987. This
mtunwmmumnmrummmmn'
which at present are being bought from Kirloskar.

mmwsymmmm-u»unuuns
17D, & Ra, 400 million project in collaboration with world
femous MAZDA MOTOR CORPORATION OF JAPAN for the manufacture
of Light commercial vehicles ( 3.5 tomnes pey-load eapaeity ).
m-mammmuu-munnawntntom-
tion in April, 1984, PTL's equity in SVARAJ MAZRS-10D.38.R0%
MAZDA and their associates SUMITONO CORPORATION hold 26% of
the equity. mmummwum
publioc. SUARAJ MAZDA has done very well despite very Stough
compitition between nine LOV firme in India at present. Even
the rise in the value of youl fvom 28 yems por one rupee %o
ummmummmvm-amwmm-

PIL has aleo recently emtered into tecimical eellebora~
mmuuﬁmmmsmrmu:m.
for enlarging 4¢'s range of forkligte both ddiesel and
electrie.
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The total tum over of Punjab Tractors Ltd, in the current
yoar ie projected at Re, 750 million.

Z1%'8 DRAIR JIAUE " SUARAL"

The word ¥"SWARAJ® in Indian lanjuage means 'freedom
fron bendage', Sinece PTL was the firot large-scale projeet in
Indien based totally on Indisn teecimical Imow-how ®Swaraj"
was appropriately chosen ae ite brend name and all swaraj produ-
ets are sold wnder this brand name,

With 80,000 tractors and 500 Harvestors combines opera-
ting in Indien farme SWARAJ 48 now & well eostablished brand name
dn the country besides its 1500 ttactors operating in various.
Africsn Countries alco Swarej is alop now an Intemationally
recogniced name in the developing world,

After proving it self in the intensely competiliv<Indian
market, the Svaraj team was encoureged to step into a new visitas
intemnational market in 1977, Detailed surveys of Cowntries
1ike GHANA, TANZINIA, ZAMBIA, KENYS, SUDAN, UGANDA, INDONESIA,
MALASIA ETC, Wweve eonducted during 1977-1980 and appropriate

~_co-operate statergy formulated to emter the intemational market.

A9 loeal teoting is a prerequisite to import any new bdrand of
tractors in theye Cowuntries, tractors were sent for testing and
evaluation to all thege Countries, Since testing and approval was
a long end tedious process the commercial debut could start



_ sensitivity of the product,

effectizely only in 1981, It is very suwprésing thet this year
our Finance Minister Nv, N.D, TIVARI gave away prize for dest
exports %o marketing department PTL, So in simple wordss it ean
be said that SWARAJ convotes *SUCCESS®,

SACAIISATION:
The man power of the compeny is 2950, the break up of
which ie as followss

Senior Management = 33
Middle level nanagement = 209
Suporvisors = 63
Workers and Staff = 8347

= B750

The day to-day menagement is looked after by two whole
tine directers, The marketing, Personal, Pinance and materials
managenent is looked after by the managing direotor, All the
manufacturing, research and developuent is looked after by viee
Chairman and managing director. Recearch mmd Development$, Qua-
ity eontrol, Froduot servieing are locked after by one senior
exeoutive %o emoure quick and effective reaction to marked

The entire staff is qualgfied and well experienced in
their respective fields,



BOARD OF DIRECIQORS:
Tollowing ame the boawd of directors of FTL ?

1)
2)
3)
4)
8)
6)
4
8)
9)
10)
i1)

A8, Chatha (Chairman)

SePs Virmani

B.K. Eapur.

HoC, Gendhi

G. balakrishnan.

KeLe Kapur

S.R, Guruswany

7.8, Samney

JelieLe Srivastata.

Chondra Mohan (Vice Chairmen and Memaging Director)
Yash Mahajan (Managing Director)

mmumumum—mu
directors comprising of:

1)
2)
3)
4)

8)

Punjab Govt. nominees ineluding the ehairman
Nominee of Govt. of India through HuMT
Nominees of Public Finance institution
Eninent personalitiee representing agrieulture
and private sector industiies.

managing directora.

The Seeretary of industries Punjab Govt. 15 the Chairman
of P7L. The day to day menagement 1o completely rested for two
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whole time directors, Mr. Chander Mohan and My, Yash Mahajan,
My, Chander liohon 15 an eminent Mechanieal engineer with over
30 years of experience in Production, research snd deeign whereas
Mr, Yash Mahajan who is a qualified charted Accoumntant from

inited Kingdom has more then 25 years of experience with reputed
organisation in Country and abmroad.




Tool Room

Heavy lMachine Shop
light machine shop=-I
Light machine shop-ll
Heat treatnent
Paint shop

Research mnd developuent
Industrial Engg. department
Product reliability cell

Tool deaign.

Electrical Maintainenoe
Mechanical Maintcinence
Product servieing
Produetion Plamning and implenent
Stores.

Quality eontrol

Production Flanning and control

:‘::::ssscazzzaazauf




Directors departuent
Internal Audits
Cpot acoounto.
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MANURACTURING FACILITIES HEAVY BACHINE SHOR (INS)s

A1l heavy ecasting of Tractors and Harvestor combine are
machined in %his shop through a variety of aspeeial purpose Nulti
spindle (SPM) Soring and Milling mechines, These machines are
tailor made by Hinduetan Machine Toole (INT) of India to suit
the component requirements., In addition faecilities of this shop
incluie General purpose tuming (GFi), Deilling end Milling
machines 2§ GFM and 35 GPN's are inséalled in & covered area
of 47,000 Sq. %, and at a cost of Re, 20 millien. 3600 tonnes
of castings are machined annually ave two shifte dasie. HMS 1o
equipped with a 500 Kg. eaparity electriec hooot over every
mnachine where castings have %o be lifted amd placed on the
maehines.

JJCHI _NMACHTNE SHOR (JMS)+

Facilities of this shop inclwie equipnent for blank
preparation boring end broaching, gear cutting, straight
bend gear generating, tooth rounding, gear shaving and grind-
inge Except Bevel Cear CGenserater and Coor shever which have

been imported from WiMW and churchill res ectively, balance
machinery ie from HMT & kirloskear, The Rs 31 million plant

oqft, and cesctings, forginges and Dar stocks worth Re 24 million
ere machined amnually. In view of thies complexity of operation
high standerde of foeility, this shep ie nanned by 180 highly
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experienced operators ond Qualified inspectiys, It io divided
into two parts 1LuS I & 1MS 11

JEAT TREATEEID:

The hent treatment shop being one of the most inportent
shop includes faeilities of Pit type gae casburieing furnaces

" which have been imported from Degurse of West Germany, l;du-

tion herdening generators from East Germany, tempering furnace
end washing machines from Wester worke of India. There faeili~-
mmuwn-mamvm.nmu
the facilities for shot blasting, howdness testing, metalogra~-
ﬂl“ﬂMOt“ﬂnﬂm.‘mﬂn
muu-.mmno.mnumm
shop 18 operating usmm-n—anuw
tochnicians and qualified Engineers, 1200 tonne of steel are

heat trected annually.

ASSERIX_AUD _EADIL SHOR

mmnuompmo:mmwar
line production with extreme flexibility of echanging produc-
tion as per marked requirements, The bremech lines for sub.
mmmm-bmmnm
are also inspocted md tested on test rigs by Quality eontrol
personnel before their fittuemt om chasslia. Although all
individual components are fully cleaned in high pressure
washing machines before the sub.ascenblies are made, complete
10 again eleaned by steam cleaning process prior to thelr
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by
primer/final painting. The chassis|painted in Downdraft %ype
mmmumuumuum«avp
baking oven for ensuring longer paint life,

Beeause of the requirement of high quality painting of
sheet metal, seporate facilities for de-rusting, de-greasing
Zine phosphating for better bonding of paint, passivation,
Primer snd final peinting, Wet. rubbing end baking were set
up pt & coot of Re. 3 million. The material handling in this
area io handled with en overhead contincous conveyer Sheet
metal, tyves/tubes, electricals and tholr accessories are also
fitted on main line after the chasos backing. There after the
road performence test, Hydrolie 1ift test, Roller testing are
carried on every t#actor before their despateh to store.

J90L ROOMs

Tool Room's function is to feed the required tools
in time (i.es jige, fixtures, hend tools, sddeaily tools
cutting tools, measuring tools etes) end to fulfill the
different department requirments such oo R & D work, mainte
enance department, work that is mechine break down parts,
reworking end new menufacturing, Production and other depart~
‘ment works snd venders requirments,

To meet all these requirments nccording to urgeney
and priority, tool room is facilitated with a large nunber of
%00l re-grinding, Gemeral pupose, Turning/ millingj Drilling
machines, Jig boring which are of high degree of accuracy.
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To schieve higher degree of accuracy snd other special
and contineous type of work, the following speciel purposSe

mechines are in t.e tool roomj

1) WiW Jig Boring Maehine ( veb micrometer Dresden
coye BEOZ 900 x 1400)

2) mgweving Machine (Pentagraph.)

3) Bevel Gear Blades Reshaping liachine.

4) Carbide Impregnating Mahine.

§) Broach Respaping liachine

) WM Hob Reshaping Maehine

Pmjed Practors Limited has it's own code for the raw
materiale used in shope The code starts with letter *R' whieh
meene Raw material. It is followed by different number whose
pignificance is given belows=
= Baw material
= [Hise., Haterial
= MW
= Stesl alloyed.

Cast Iron
= Stesl castinge
= JFebrication

= lNon Ferrous,

K E PP F T
5
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Each raw material is given a colour code for identifi-
eation, lnqm.fmmnumuusum

before At reach shops floor. The Sooling material used in
tool room and their ISI equivatents are given belows

225 CO0E JSLEQUIVALINL. SQIQUR CODE .
Ry, Ni2d Steel  Ggge Bys 42 W, 813(0)  Bed
Ryp 0-80
40 Carbon Steel
Ryq Spring Spesd G5 Red and Groen
Rpy 20 N4, 65 Cv 60 Plue
H, 20
Rgg Tool Steel T 105 Cr 1 Ma 60 Green

The various standard documente and reports generated
by this section are as followss~

1) Record of %ooling wmder manufactuwing
2) Record of tools completion

S) Tools Histoxry ecamd.
4) lonthly completion report
———8) Record of daily production meport S
6) MNachine utilisation weportion
¥Y) Record of daily idle howre due %o Sooling
8) Tool woom inventory of verious tooling wmder
reworking and resharpining.



Sxaded Gxey Imon. foundaxy

mmmmrmuammuum
has already attained a production level of 5000 tomnes per
yoar, The plant and machinory installed at a cost of 14.5
milldon rupees in a covered area of 64,242 Sq. f£%. include hot
blast eupolqs, complete sand recyeling plant, High pressure
sand moulding machines with pallet convayen cystem. Pattem
repair shop chemical laboratories sand labewatories, imuek
outs and fetteling shope are dlso important facilities in the
*.-lnv. Automatie guality castings in grades 15,20,25 and
30 with dimensional tolerences varying from 3 1.5 mm onwarde
and weights renging from 10 to 300 Kg ave presently handled
beecause of high pressure sand moulding machines. Use of
metal pattems is done to get better result, Core shop is
10 aleo one of the most advanced shop with all facilities
that are required to get best quality cores for the casting.




RESEARCH AND DEVELQRUEIL

MMHMIMUOt“motM
mmmupamumqnmnm-m
key position in PTL. Ever sinece the begining of commereial
production of Swarej 724, 26,5 H.P, Dicsel Tractor, In
April 1074, R and D has developed and commereially laumehed
three more models, Swarej 735, 30 H.P. low eapital intensive
but still having all the essential features of most modemn
tractors in the world, Swaraj 720, 19 H.P. Simple low oot
tractor for the Smsll farmer and Swaraj 885, 86 H.P. tractor
for commercial farmers.

The R end D Group then suscessfully developed the &
muawmmumwmmm
ummmmw-ﬂmnuaaﬁ
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This section is mainly responsidble for the method
improvement of products and preparing one standards. It
recteves component drawings from R gnd D, It then prepares
the process sheets of the components and also make the nece~
ssary improvements in the following:s=

1)

2)

3)

4)

8)

6)

 efficiency also comes wunder T.E. Department.

T.B. Departnent makes operation lines and prepares
af 1ist of machines required.

It takes care of all the material handling prodblems
in the factory.

T.E. Department ie helpfull in working out the
solutions to the problems concemming machining
processes, rejections end method simplification.
T.B. Departaent carries out time study to get
standard skx times for various operations and
setting times of the jobs and fixtures.

“.E, Departnent makes all the improvement, in the
layouts and is responeible for the implantation
of any new machine.

Caleulation of ineentives of the workes. their

Machine efficiengy are also calculated here.
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EROJECE:
To improve the layous of battery charging ares
and estinate the time required for chawging of a battewy.

1. B, Derdara Singh
£, H2, Balbir Sdngh.



To improve the layout of the battery charging area
and estimate the time required for charging of a battexy.

JIRGRUCTIQN:

Battery is the most important component in a tractor.
It powers self-gtart motor of the tractor, dashboard indica-
tors, headlights, hom end parking lighte.

Batteries for "SWARAJ TRACTORS" are obtained from the
leading battery manufacturing compeny of India "CHIORIDE
INDIA LTD". These batteries are sent ouply (wncharged with
no electrolyte in them) to PTL where they ave firet filled
with eloctrolyte and then chavged with the help of battery
chargers for the recuired time, After which they are ready
to be used in the trector.

The three different type of batteries whieh are
obtained from echloride India Ltd are:

1) © plates, 12 volts. dattory for Swaraj 720
2) 11 Plates, 12 Volts, battery for Swaraj 724
__3) 13 Fiates, 12 Volts, battory for Swaraj 735
and Swaraj 885,
All the batteries give 12 Volts needed for various
apriiestions end ave divided into six cells. Each of the eell
gives 2 volte, $hus making 12 volte when connected in series.

Y




In the battery echarging area the empty batteries are
braught in from the storage area snd then filled with the
eleotrolyte - O mixture of sulphurie seid end digyilled mayet
water, After filling the batteries are placed aside for about
8 to 12 hours so that a necessary reaction betwoen electro~-
lyte and plate material takes plece satisfactoraly. The next
operation ie to connect the batteries, numbering about 10, in
series with the battery charger. The battery charger is set
to give a required current so that after 60 to 70 hours the
batteries are fully charged. A lot of eare is taken to ensure
that the datteries are properly placed on & well insulated
pallet and are not tousching each other because some times
batteries are wet and this causes shot eireuisting. The
specific gravity of the electrolyte in the battery is alse
checked meticulousely after regular intervals with a special
speeific gravity eheoking apparatus, After the batteries
complete about 60 - 70 hours of charging, they are disconne~-
eted from the charger end taken again %o the filling etation.
At the filling station they are first washed with a stream of
water and then dried, After this the batteries are ready to be
taken to the assenbly shop for fitting on the tractor. A
petroleunm substemnce is applied on the eleotrode of the batteries
" where comnections ave o be made, This helps in preveating |
leakage and making better connection.
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HQIES Ol RATTEAX CARZ.

1. SRACKING:

The batteries should always be otacked upright. In
m-nuatuunumhbumuﬁ.w
othﬁmﬂhﬂbﬂmhhmhﬂnﬁ.ﬂh
mmmmnwnmummumb.m“.

2. SIORAGE:

mummmhmmaop-nmw
changeo e¢m affect the battexy life. sore over the body of
nmaumbmaamnuuu.!tunwm
mnnimotﬂuhqumu.mmm
temperature for & battery is 48°c.

ummwo:wummuu-m-
mmummumuuwmm
heat of sun.

3. JUSERCIIGN:

The battories during traneportation may get damaged.
mluh-nle-humnuu-n:dm:umﬁ
mmm«-uumn&mmum
mm.mumumm:bmunum-
iyte in the battery as the plates are %o %o mved from
sulphation.




4. CQUEOWD OF LID SRAMNG:
mmuum&mmnuu«wu
uuuau-pmdnuumu-mnmumo\
mzumymmum.ummmumm-
mnmmorwwmm. Ite negative point
umtmaumnarmumnmun
which 415 undesirable.
6+ ELECIROLYTES
mmw“nubanumuamoz
wcmmusmdmumonmoumm
muoauoz_xs wnmus.m-mmuu
confern %o 15 1060-4964 emd 1% should be distilled or de-
nineralised,

mmwoumumb:mm-udnu

nmmntnmummd.mmmuvnuu.
gor preparing initisl electrolyte should be 1,190 at 27%,
um-mnmwmuaumm

6. CHARGING BATE:
mmumo.uuumm
mumarnonu-nmummmmt.

mmmmmmumw.:umu
m-unmtu.punomvotwmmn
muwmmmuumnu.



7. BAITERX CHARGING AREA:

The layout of the battery charging area should be
elean snd properly ventilated so that the toxie gases like
hydrogen which are produced during the charging of the batter-
ies are got rid of easily. The access to batteries and charger
should be easy.

As the eleetmolyte can prove %o be addrasive to the
floor so the floor should be covered with aeid resistent tiles
Since the tiles available are only acid resistant and not acid
proof so the floor meeds regular washing with water.

8. BARIREX_RITTIGNTs

The battery is fitted to tho tmeetor on a special stand
and is covered with a dattery cover., The dattery cover io
attached to the stand with the kelp of long bolts and hexzagonal
nuts, When tightoned wilh spamner the nut can put excessive
pressure on the body of battexry. So it veccomended that wing
nute ia place of hexagonal nute should b2 ueed.

9. JRIE.SIORAGE:
It 4c the inherent property of lead aeid bdatteries they

getes discharged iteself if mot put te uoe for some time, Although
dynmo is provided in the tractor to recharge the dattery when
the téuctor is working even then the battexy should not be kept
idle for more thon three weeks.

So in the hattery charging azreca o cawd system is suggested
which keep track of date of receipt, iusue from stores, initial
silling eharging and fittment on tractor.



NEED POR THE PROJECT was felt as the battery charging
area was ¢z be brought under divect incentive oscheme. 4%
that time the workers working im the battery charging area
were being paid indirect incentive i.e. they were mot paid
mmumnammmmmum
mmothmm-mnmm-
mupmwnummhm.utum-
mvmma:uuummﬂwmm
mutatmmﬂhmotu&hhmﬂl
meumm“uunmm
mmmmmmummmmuu
wnomummmm--lm
the estimation of standard time for the charging of a battery
was to be done

Following were the points considered while changing
the layout of battery charging area:«

1) Reduced Rick to health and safety of employec.

2) Improved morale end worker satisfactlon,

3) Inerensed output,

4) Yewer Froduction delays.

5) Saving ian floor space,

€) Rodueed inventory iz proters, ] P

7) Gweater utilisation of menpower snéd machines.
8) Reduced material hamdling.
9) Shorter menufacturing time.

10) Reduced indirveet labour



11)
12)
13)
i4)

Basier emd botter supervision.

lese congestion amd confusion.

Reduced hasards to material snd quality.
Ensier adjustuents to chamging conditions.




The layout wes changed keeping in viewcfall the
mwmt-umtmmunmumm
resulte achieved are as followss~

1) The distmee moved by a pollet with batteries on
1t has been reduced by about 238,

A8 we can see inpzoposed layout the gate of store
anulhrhﬁwnlhﬂmoﬂm
ntmummmnrmmuum
m.puﬂmdmoﬂhhwuﬂtmmm
a:mummmm--paﬁam
mumnmhmmmmon--arm
mother advantage of this ehenge is that the main gate
which 19 in such a dize@tion thet the sunrays directly fall
on the datteries €11l mid noon, emn be elosed for all the
time except for bringing the batteries imside

2) -muaonmummmm
hue deon sxnieved.

Sinee the storage for charged batteries have bem
bwmﬁ.mi.mnmummh
obserged by compading the two lagouts. Consequently &

3) All the intersecting paths have been yexoved,
umummmmmﬁpm

otnnornrkumhu-mtmpﬂnhuh-

d.nﬂ“-lmutm“m



a7

4) Materisl hsndling has been veduced to some extent,

We can see that caxiier the electrolyte was brought
near the exit by forklift, This electrolyte was then Staken
unuuummpotwmuomuqmnumm
into three smell tubes and then into the empty batterias,
Buu-mmmuutmwnmuudom
at the side exit, Then it is mot taken ineide but inetead
uumua»mumuummu
ie pumped to the SINTEX STORACE TNK placed at some height,
nm--umuuum;unwmu.m

mmnmmmurom-mmn;—
of tank required for stoaugd.

Asoumt of electraiyte required for filling of the
various bdatteries ie as {ollewd

1) 12 v, 13 plates (Swarej 735, 865)
require 6,1 1litres of electrolyte.

2) 12 ¥, 11 Fates (Swaraj 724)
woquire 5.1 litres of electrolyte.

3) 12 V, 11 Fates (Swaraj 720)
gg‘unmumuw

The daily production of the tractore is about 40.

12 we take it to be 50 end considering 21l the wastege of
electrolyte we geb the required amowt of elecirelyte for
doily use 1.0, 50 x 6,1 = 305 litres of slectrolyte.



Taking care of all the future expension in production
a 500 litre capaecity can be recommended.

VYhere oo in the present system the tanks of 100 litre
capecity are used. Ve reguize 3 sush tanks to £111 the
batteries up.

8) Risk to the hoalth of workere have been reduced.

Ao we kmow that while pouring electrolyte fye plate
material comes im contact with the electrolyte and various
pecotions take place. As a »esult of these reactions a lot
of toxie gases are produced which are harnful for the worker.
S0 to avoid this harmful effect on the workers & exhaust fan
near the £illing station hes been suggested. This will take
care of all the gases produced during filling wp of the
batteries.

6) A pipe with many holes in it for spraying water

on the floor of £illing station has been suggested whiech
oan be fixed in the wall at a proper height oo that all
the eleetrolyte is washed away,



ESTINATION OF THE TJME RECUIRIED FOR CHARGING OF 4.
BAZZERX

LOAD FACTOR §) - the proporticn of the over all eyele
unmundwﬂnw‘uhmmﬂnmwu
nwmm.m--mm.umnum.

In other words reeciproeal of load factor indicates the
aﬂuam-am-nwmm

S0 Joad tactor = FEREE--ERineat

No. of mon = 3

No. of equipanent = 14 (eonsidering number of chargers

equal %o 12 for load factor
ealeulations ae two chargers
were out of order)

Charging time for the batteries

= 72 hro (3 days approx.)
Sumber of batteries charged per day
7777 “= 40 (48 120 m‘ -4n 3 Gaye
go 40 batterdes in 1 day).



Batteries heve been arrenged in such a way that per
day production of the batteries is 40.
Garging time/Bettery = Togf-80
= 108 minutes.

Effective time = Charging Time x load Factor

= 108 x ,1 = 10.8 ninutes/batteriecs
Considering 20%. Allowances we get allowances

= 1.73 minutes.
So total time for charging of a signle battery

s 1048 + 1,9

= 12,53 minutes.
Break up of Allowances:~-
1) Personal need allowsnce = 5%
2) Power failure allowance = 5%
3) Interforence allowance = 4
4) Basie fatifue. = 6%



l6~ 3~ %9,

Qoo

SALCULATION OF AVERMGE EEZICIZNCGK

Number of working daye

Total number of batteries charged/month
= 40 x 25

fannth = 1000 x 12,83
= 12530 minutes

Total .thﬂh“”
= (12 x 7.8) x 60

= 11250 standard minutes.

Average efficiency .w-m

= 111 .3%



Ol GLUSIGS AKD BECUUUELLAIIH.

The mew layout which has been suggosted has certain
adventages over the present gystem. Pointe like saving in
floor space, reduced congestion, better floor of work,
workors safety have been achieved.

The efficiency =nd safety of the worker oen be
Mumwmmnucu-u-n
um.rwmmmuwm,.m
floor of the shop is also mot even at some places which
mmnv-—to:muu-nmmutaw
m-.numw&ununmmu
Wuuummmnmma.u
pummm-mtha-upmumw
could be made invilnerable from the =mp 3 plashes of electro~
iyte white f£illing up the batteries,
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To streanm line feeding end handling of sheetmetal
components in the paint shop.

Incharge of the Project

My, Ajay Gupta.



ammm-‘morm
conponex'ts in the paint shop.

JUZRQRUCTION ¢
m&,tamuﬁmmtlbnh

qmm.um-muumt.
aveuraey snd should maintain high quality etendarde.

M-h;mum-nmmammt
mpmmmnmswm-nmmau
mdeMMWMMn
the storege ment only for these components. These components
mnt“nﬁthhwm:umm
mmmmnmmnm
in various chemicals %o get wid of dirt grease and other,
undesireble clements 1o called *FRE-TREATMENT®. This cleaning
mu-mwmummmm-
wm-nhrphﬂum-m-nummtm
umoumcuup--w.mm-m
through which all the components have to be submerged,
_sexve the following purpoces in the same Sequence as given
below 3

1) Degreasing 3

2) Rinsing

3) PFiekling



4) Rinesing
5) Derusting
6) Rineing
7) ¥hosphating
8) Rinsing
9) Passivation

All the tanke used for various purposes contain
splutions/chemicals of required type but their composition
and concentration is not disclosed due to industrial
secracy recsons.

The components are fed from the storage to the pre
treatment area through a continupus overhead conveyer imown
as Pre treatment conveyer (PTL). The small components are
put into buckets and are attached to the hooke on the PIL,
where as large components such as Fender, Tob bommet eote
are attached to the hooke as such. These componente are then
wloaded in the Pre treatment area. They are then put intd
a large bucket made of iron bdars so that the components can
be dipped in various chemicals for their Pre treatment,

After the pre-troatment of the sheet metal compoments
ic over, they afe loalod on tw other convares® 2or peinting,
~ These two conveyers are ment for %wo Spray booths imown as
spray bo#th (I) end opray booth {(II). Cpwey becth (I) conveyer
is loaded with the ocomponems which are to be painted in
spray booth (I) i.e. which are to be painted aither Red,



black or blue. On the othor hand spray booth (II) conveyer

is loaded with the componente which are to be painted in
spaxy booth (1II) 4.6, which are to be painted either white

or blue, Just after loading ,the components are not simply
painted but ere firet sproyed with primer. Primer provedes a
very good base for the paint and aleo with the use of primer
the paint consumption io reduced, Primer also helps in getting
good finish snd lustur,

After giving & coat of primer and first coat of paint
to the components, they are passed Shrough Baking ovens which
helpe the paint to =t dry fast and wmniformly. The speeds of
both the spray booth conveyers are fixed in such a way that
the coated compoents get enough fime %o stay in the baking
ovens and get properly end wmiformly dried up. After coming
out #f ovens the components are ready for the second coat of
paint, They are again nade %o pass through daking ovens for
the last time, Thep they are mloaded and ssat to asoembly
shop. But wnfortunately all the components 4o mot go %o the
assembly shop decause of being rejected by the quality control
personnels. They have to go again $o painting boothe after
being wet rubbed end putting spplied on them. The rejection in

~ the paint shop vary from 10 o 30% accomding to weather
changes and quidlity of paint. Rejection in the paint shop are



also due to menual faulte but there rejections cem be
reduced by educating the workers in this field, Another
cause of rejections is the damaged sheet metal componenta,

Rims on the other hand do not require & coat of primer
because they are alrveady coated with red oxide. They

eimply have to be coated twice with white paint and then
passed through oven, Rimo need a lot of akill on thepart
of workers of the epray booth, Becsuse of the intricate
shape at some phrtions on the rim, there is a maximum
anornuumt-unmmnam
of the rime,



NEED FOR THE PROJECT wae folt when it was observed that

the components after pre~treatment are not able %o go over
to the spray booth econveyers md were getting accumulated in
the paint shop. This was causing a lot of inconvemSence %o
the workers end supervicors of the paint shop. This acfunu~
lated material could mot be loaded to the eprey booth mummy
conveyers because the conveyers were already full amnd did
not have any room for any more components, The reason for
tiis was 111 plamning of the feeding sequence of the compo=
neate to the pretreatment area from storgge area., Thowe wes
umuuuhmmmummqm
conveyers. This caused qn increase in inveatory level on
the shop floor.

YARIQUS COUPQUENTS ZN TiF RARIL SHQE AFIER JUE-ISRACL

1) ARa2aA208 (9,00 AK)
1. Promt Palee Flate = 108

2, Box Assembly = 1232
S. PFront Grille = 100

%) ARa220008 (2,48 1)

is PFront False Flate = 77
—— B M ANl —— % —
5. Pront Grille & 100




2) 16.2.4908 (9,00 A1)

40

1. Box asseunbly = 38

2, Front falee plate & 12

5. Dash beanrd = 14
A6.2.4980 (20000

1. Tob bonnet 13

2, Pront false plate 12

3¢ Box. asay. = 28

4. Side Pgmmel = 15
3) A%.2.5068 (2.5 AU

i, Fender = B0

2. Tool Box | - 20

3. Upper and lover = 30

channel

A7.24808 (2,30 ZH)

i, Tob bomnet « 36

2, Fusl tank a 24

3, Side Pannel = 24

4. Tront shield = 42

5. Eear shisld = 45

6, Dash boewd = B

7¢ Seat fram = B

8, DBox asay. = 3



e
10.

Perforated shoeot
Foot board

AZa2.2260 (8,45 2

i.
2,
Se
4.
Be
“.
Te
&,
B
iv.
i1,

Side Pamnel
Top bonmnet
Dash board
Pront shield
Rear shéeld
Pendor

Puel tanks
Zoat frene
Box asgy.
Forforated shoot
Foot board

4) ARa2.3983 (2,00 M0

1.
2o
Se
4,

Fender
Battery stand
Seat {raume
Battery cover

ABe2,280 (A2.48 B0

28,8888 2

S88%

1.
2,
3.

Fendar
Tool box
Dash board



4, BSeat frame = 40
5. PFront shield = 24
6 Fue) Sank = 8
5) AR.2.080 (9,00 A)
i. Mﬂ = 12
2, Seat frame = 40
$. Ferforrated cheet - 40
A2.2,1968 (2,00 Pi)
1. 8ide Pannel = 38
2, Pront shield = 24
3. Tool box = IR
4, Front grille = 12
5. Reay shield s 16
6. Battery stand = 12
7. Pender = 6
6) 50.2.4880 (8.45 AN),
1. To0l box = 3
2+ Fender = 14
3. Dash board = 12
4. Tiy wheel - B
Se Top bomnet = B




1. Tool bex

2, Tob bonnet
3. TFront shield
4, Reay shield
5, BSeat frame

7) 22.2.4298 (2,00 4)

i. Pender

8, Puel tenk

3. Fly wheel

4, Perforated sheet

i, Wiy wheel
2, Fuel tank
S Tool box

8) 23.2.1988.(2.10 A)

i, PMywheel
2. Side pannel
B« Top bonmet

i. Box assy.
2, Rear shield

o B & 88 8

Soo b

& 8



3. Front shield
4. Upper and lower chamnel
8. PFerforated sheet

9) 24.2.1208 (9,00 Al

1. Tool box

2. Box asay.

8« Foot boaxd

4. Battery ecover
10) 25,2,1988 (2,00 Al)

i, Dash boaxd

2. Rear shield

3. Upper and lower channel

£8,8,1008 (2,45 Fi)

1., TFender

2. Front shield

3. Dash board

4, Upper amd Jower chamnel
5. Battexy cover

8886 €88

8 85

® 88888 sbC a



S8ide pennel
8: Tool box

Front shield

i.
2,
3.
4.



ZREE-TREATMEST CONVEXER (Z2C):

It 49 en overhead type of continuous conveyer which
bringe the sheet metal components from storage area to the
pre~troatnent area, The components are loaded on this conveyer
according to a sequence provided to the workers by production
Planning and control deportment. All the small components are
pub into duckets snd then attached %o the hooks on PTC, where
as all the large components are put on the hooks as suche
Theme components are then unloaded in paint shop.

SEECIIICATICUS:
1. length of the conveyer = 167,64
2. Speed of the convayer = 457 o/uin
3. Distance between two hooks = 1,04 m.
4. Number of hooke = 161

5. Timo elapsed between two hooks = 2,27 minutes.
JQADING OF VARIOUS COURGUINTS QO FsleSe

i. Pender 1 (on one hook)
2. Top bomnet 1 (on one hook)
e e 3. Desh boanrd 2 (on one hook)
4, PFront shield 8 (on ome hook)
5. Rear shield 16 (on one hool)
6. Front grille 10 (ond ome hook)

7. Tool boxe 10 (on one hook)



8.

9
10.
ii.
iz,
13.
14,

16.
i%.

Box assy.

Seat Fraase

Moving plate
Instrusent pannel plate
Fefforated sheot
Upper and lower ehamnel
Front false plate
Foot board

Battery cover
Battery stand

Front parting plate.

47

= 10 (on ome hook)
= 3 (on one hook)
= 20 (on one hook)
= 20 (on one hook)
= 20 (on one hook)
= 20 (on one hook)
= 8 (on one hook)
= 10 (on one hook)
= 8 (on one hook)
= 3 (on one hook)
= 8 (on one hook)




SERAX_BoOTH (1) CONVEXER:

y It 19 an overheod type of continuous conveyer which
1o ment for the components which are to be painted in epray
booth (I). In this spray booSh the components are either
painted blue, red or black., The shape of this comveyer io cueh
that it pasees near to the area where components after pre~
trectment are wnloaded, This enables the workers to laod the
components on this conveyer very easily.

‘ SEECIZICAIIOUS:
1. length of the conveyer = 65 m,
2. BSpeed of the conveyer = 0635 m/min,.
3. Distance Between two hooko = 1.04 m,
4. Bos. of hooks = 68

5. Time elapsed Dotween two hooks = 1,90 minutes.

i. Top bomnet 1 (on one hook)
2. Dash board 2 (on one hook)
8. Front shield 4 (on one hook)
4. Rear shiedd 12 (on ome hook)
5. Dox asuy. 5 (on one hook)
77777 6. Forforated shoot 4 (on one hook)
7. Fenoder 1 (on one hook)

8. Upper end lower chamnel 20 (on one hook)

The components like Fromt shield, Rear shield, box
aqm.m.mcnu-n-mumuw
hhmwn,muMWummuMO



This overhoed conveyer is ment for the components
which ere to be painted in spray dooth (II) i.e. the compo~
nento which sre to be peinted either blue or white.

m-'mudu ¢passes near to the area where
wmmmtmw. This components
on the oconveyer easily.

SEECIZICATIOUS:
Length of the conveyer = 91 me
Speed of the conveyer = 0,76 m/min,
Distence between two hooks = 1,06 m.
Humber of hooks = 87

Time elapeed between two hooke = 1,3 min,

1. Pender i (on one hook)
2, Front grille 4 (on one hook)
3. Tool box 3 (on ome hook)
4, Prame asay. & (on ome hook)
6. loving plate 15 (on one hook)
€ . fnstrusent ponnel 20 (on one hook)
Flate.
7« Prout false plate @ (on one hook)

8, Side pamnel 3 (on one hook)




THE SOLUTION 70 THE PROBLEM of inereased inventory
level on the shop floor after pre-treatment has been given
wmhmumuumtumm
of both the eprey booth conveyers. Ve cen/that by doing this
nmvwmmmﬂmmmmmﬂ
we observe that as soon oo the sheet metal componente arrive
after being pre-treated, they arve absorbed by the two eprey
booth, It shows that the feeding of PTC and spray booth
mhanh-ﬁnmﬁnm
mtmoh-upuutumnm.msmm-
lsble for iteelf in o serial manner, For this s new feoding
mmu—ummuaumumar
0,

Oon en average it takes about am hour for the charges
to wmde# go pre-trestment cycle. So the time elapsed between
mmomortnmﬁmu.mmt
1o oqual to the time requived to f£111 up the later charge.
mm»oztuwmamnmcmm
aumber of hooks of pre-trectuent conveyer to £ill that
charge upe

Wummummmma

comes out after pro treatnent on eifhew of the spray booth
mumhnmmwummof
the hooks of the conveyer that are required to load the
given charge on the conveysr.



81

fhe filling timings of the charges snd their loading
timings have been so arrenged such that any charge comes out
onjy after tha previous charges has been abserbed by apray
booth convayezs. It has been taken care of, that both the
spray booth couveyers ares able to abserl> the charges are
readly i.¢. the hooke requirved to load the various components
are availadle on the conveyer.

Sinece all the charges have %o be phosphated for about
10 minuges; So the minimum time that eiapses between the
coming out of two succossive charges is 10 ainutes. For
mux«mﬁmumr.t.o.uanu.m
then the time taken to £411 up the charge 1s 4 x 2,27 =
9,08 minutes, But thie time 19 less then 10 minutes, ®o we
take 10 minutes as the difference in the eoming out of the
mummmmqmto:mmu
PeTeCe to £111 up.

FProm the graph it 1o seen that there are come
vacant hooke on spray booth conveyers. There hooks have been
left vacent co that rejections and rewarks can hooked %o
them. Even if some hooks are left then they ean be wsed for
painting extra components and rims.




e —

48 we know that the length of the P.T.C. is 167.64
mnetere end its speed is 457 n/uin.

time taken for 1 revolution = 366,67 ninutes.
Tine taken for half the
revolution - 887

= 183.33

= 3 houre (approx.)

w-—-qusnmmuanmurnm
%o reach the paint shop from the store. Keeping this time

in mind the feeding timings have been given in the graph,




ZBOROSED FEEDINC SEQUENCE.
(mmml-nmmamm)

] W

Charge m. Charge *

O ————————— e
1. Rear Shield (1) 20

Rear Shield (R) 20 1 o0

Battery cover 20

2. Dash board 10

i T &
. Poot board 20
g, Dash boawd 10
i .. 8
Pcot board 20
4 Pront Shield
. o P A 5 10
Front Shield (R) 20
8. Top bamnet 10 i 11 1
lower chennel 20
3. Top bonnet 10
i 11 1
Upper chamnel 20
7. Pender 4 | 4 é
****** 8. Yender & i i S A
$« Tender 4 L 4 ¢
10, DPender 4 - + ‘
i1, Yender 4 i 4 4



ZRENEED FEEDINC SEQURNCE.
( PRODUCTION 20 TRACTORS A SHIF?)

W

Charge Componenta Dol R . < N—
e s8(I) (1I)

M

12, [Fender 4 i & 4
18, Hoving plate 20
Pront grille 20 : ' e
Instrunent pamnel
plate 20

14, Teol box 20

A 5 0
Front false plate 20
15, Seat freame 20 i v 4
16, Side paanel 40 i 14
17. Tront parting plate 20 % 10
Batt, stand 20
18, Fender 4 ! % A
19, Pender ¢ i = é
20, Pender 4 i 4 G
24, Jender 4 i @ &
28, Bex 20
— 2 9

fgforated sheet 20
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The timings in #he graph ave taken in the
following way:

SUE2G

If the hooke required %o bring components for
a charge are 5 that meano it takes § x 2,27 mimutes
to £i111 that charge ( 2.27 boing the elapsed between
two hooks of PTC ).

LIL_SERAX_ROQTH CONVEIERS I AR LT

If we require x hooks of conveyer I avoonveyer
II %o load the componenta of & akavrge dhen 1% will take
Xx 1,95 md X x 1,3 ninutes vespoctives on upray booth
conveyer I and eprey booth sonveyer Il.



SQICLUSILN AT ARCOIIZIDATIOND:

In this project a new sequence of feeding liot
for the mtm.mmmmtum
wes 40 tractors & day i.0. 20 tracfors a shift at that time.
This systen will not enly 4mprove the bloeked inventoxy
mnuumuumnmmmm
workers of different shifts.

One recommendation which I would like to make is
st & blower should be employed to biow eomponents dry
wunhymeﬂmmm.um-omu
have some ochemieals pemsining on theiy surface this can
affect the hande of the worierv. The workers should wear

glovea 28 precautionary weasure .



Second shaft line ( load balaneing end econverisation.
SALRQZUCTIQNS

In Light Machine shopd (IMS) all the light components
such ae gears, Shafts, Ougo assembly ete. are machined, All
these components vequire & large no. of operations %o be
performed an them so that they could be braught in the final
forn, Sinee all the operations ¢an mot be performed on a
pingle machine so the components have o go to various di#fe
orait machines for different operations. The machines, ¥he
being seattered all over the shop, eause a lot of material
movement in the shop. The components are %0 be taken from
machine to machine for next operations. This purpose is
gorved by Forklight which are a versatyle weans of trensper=
tation on the shop floors. A)though \dtmost care is taken
while designing the layout of the shop floor to reduce the
meterial movement to & minimum dbut 1% is not at all posaible
to eliminate it at all, The weason for this is that there are
a large no. of components to b3 machined and all thea compon=
entes have different seguience of operations end standerd
sotting timesn, et — ST

Aocording to some experts "The least the material is
hondled the bdetter it is handled®, Thie shows that the material
should not be touched very frequendly while it is being



goat
[6- R-K9.
oe; -

operated upon on different machines, In enother words such
a gystem is the best inm which components are automatically
moved $o next machines without bdeiag delayed or stored. To
get such a aystem we sugcest & line systen which encompasses
two Prineipalet

i. Prineipale of Hinimum distance moved
8, Prineipel of Flowwd.

XRrincizkh of misious distinco movad:

s0ther things being equal, that system is best whieh
pemuite tho material te move the minimum distance between
operations®,

Every industrial process involves some movement of
meterial, Ve can not eliminate it entively. And we ave usually
willing %o have it. When ever we divide up & process into
several operstions, we oan put & specialist or epecifie machine
on eseh operation, ihis speeialisation of labour snd machinery
4o the heart of eificicut producticn, Dut it means moving the
material fyos operation ¢ operation. This is wiy even though
the hendling does not alcne add any value to the pmdust
1toelf we axo willing to move materiel.

in moving the material, we save by reducing the dista-
nee of these woves, Inis meane trying to place subsequent
operations immediately sdjecent to previous onesWe om thus \
elininate treusportation between operaticns, for dne opexation
um-m-ummumuncpummuu.



Zrinedzle of IQwi

"Other things being equal, that gystem 1s best which
errenges the work area for each operation or process in $he
same order or sequonce that forms, treats, or assembles the
materiale”,

This is a complenent to the principle of minimum
dietance moved, It meens that the material will move progre~
ssively from one operation or process# to the next towards ite
completion, There will be mo backiraeking or oxoss movemend;
congestion with other parts or with other precece of the same
part 15 at a ninisuny material will ziide through the plemt

vithout interruptrain,

Flow does not mean that ssterial always has %o move in
& otraight line, Neithor dose it linit the motion to but one

divection. laney good layout= eall Zor sigsag or eireular flow
of material, The flow idea is cne of constent progress forward
completion with a minimuwm of interruptica, interforence and

congestion - not necessarily on of divesidon,

Keeping in view the above meniicned prineiples of
miniaum distance moved end prineiple of Zlow s line 19 suggeeted
cparation of the componemts, and are situatod very near to
each other so that 2 roller conveyer ean be used for movement
of material, This line will not have any problems concemning
aaterial movement nor wil] it have the prodblems Welating
backtraekiing 1if 1t 1s provided with double track conveyer at
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required position. The componente for this line can not be
selected at rendam but have %o be sorted out. The eriterion
for sorting out components from a large liet is that all
those components which have identical operatione and approxi-
mately came standard end setting times can be selected for
the line. In case the sequence of operations for the chosen
components are very different from ecach other, some machines
may have %o be akipped end this requires a larger storage and
cometines oan eause even the bloeckage of the line. If the
componente will/celeoted according to the allove eriterien
then we will be sble to get a line in which eomponents once
fod %o the line eam bo obtained in the finished form at the
end of the line.

A shaft line 'I' was concieved by T.E. Deparfnent
pereonnels, with all the above pointe in their mind, In thies
line the components i.¢. chafte were chosen as all the shafte
had almost tadw identical sequence of operations and even the
standard times for operations on various machines were almoot
same. Shaft 1ine I had soven shafts end thie line came out
to be very efficient. The reason being that onece the baahes of

of chdfts were feod o tho line thexe could be obtained in the
finished form at the other end of the line not even requireing
any movement at all,



NEED FOR THE PROJECT was folt when it was observed
that the shaft line I wae proving to be very effecient and
the remaining shafts need & similer line, tehreh will also
rosult in reducing the material movement im the shop. The
area alloted to the shoft line II was parallel 40 that of

chaft line I.

In $his shaft line, no standard eriterion was used
for the seleetion of componemts. On the contrary all the
resaining shafts which wore being machined in the LiS.
except those of shaft line I were assigned for this ahaft
line. This resulted in & colleetion of components with o
variation of stendard times of the various operations.
Following shafts were considored for shaft line II.

A. SEARML TS0
i. Intemediate shaft (1220084)
2, P.T.,0 shaft (150002)

B. SLARAJ 724 AR SUARAJ 7353
3, Intermediate shaft (222022)
4 PuT.0, shaft CM)

8¢ Output shaft (222038)
6. B.PuS. loft (m)

7« B.P.S, Right (2500073)
8. Input shaft (222043a)
9. OComnecting shaft (281061)



C. SUARAJ S80
10. Intermediate shaft (722022)
11. Input shaft (722013)
12, lay shaft

"o w - M (M)

The next step wes to make & flow chart with the help
of which we ecould know the loads on the various machines in a
more explicity mamner, Firstly we had to divide the quantity
of various shafte into appropriate balches. The quantity for
the various batches was known from FPC department. The bateches
were divided in the following way:

1. Zatexmediste shaft (1220034)

Quantity = 850
Batehes = One of 50
2. 220 Shaft (A50002)
Quantity = 50
Batches = Ome of 50
3. Jntermediate shaft (222022)
Quentity = 800 A



Quantity = 900

Batehes = Threeo of 500,300,300
5. Quteut shaft (222030)

Quantity = 900

Batches = Theee of 300,300,300
6+ BaRelia JOLS (230006D)

Quantity = 900

Batoheso = Three of 300,300,300
7. ZRekefe Bighkt (2500072)

Quantity = 900

Batches = Three of 300,300,300
8. Inpub shaft (2320434)

Quantity = 800

bateheo = Theee of 250,280,300
9« Guassting shaft (261081)

Quantity = 400

Batehes = Two .‘mom
10. ntemediate sholi (722082)

Quantity = 300

batehes = Q(ane of 100



11. Japut shaft (722043)

Quantity = 100

Batches = (ne of 100
12, Jay shaft (782002)

Quantity = 100

Batohes = One of 100
13. Jay_shafs (702000)

Quantity = 100

Batohes = (no of 100
14, 2rive ghaft (728000)

Quantity = 100

Batehes = (ne of 100




After the bateh quantities of the various shafte
were decided the next step was to ealoulate the number of
shifts & bateh would require for machining on various machines.
The machines on which operations of various shafts were %o
be done were obtained from the summary operation sheets of
the shafts. Since all the operations to be done an the shaft
1ine were before the heat treatment of the shafte so only the
omu-hhnﬂmthututmuu‘m‘&rm
the shafte.

Number of shifts required were then caleulated by
using the following formulas

Humber of shiftas~

Susntity X Staxdand time x (% Sot up s Rede SED 62)
450 = 7

SURCES OF TNFORUATICH ZQL AJQVE FORMVLAS

i) Suantiles
PPC department according to theproduction

2) Stsndaxd timea
loed charts up to date load charts avallable with

I1.Bs Department

3) Zexesntage Setup time:
Set up time records,
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¢) Jelections. Scexe Farf divislon reaulresents
6% according to the previous records.

§) Jlefticiency of lachines):
From previous records available

Following are the various machines alomg with their
efficiencies snd percentnge oot up timees~

Fereentage percentage
sfficiancy. Mebt e .

Faeing mnd eentring i/C 92
8. Pllote I & 1I (168) w
Drum-Turt RTV-60 (175) @
Herbert No, ¢ (1456) 86
Qrlindriesl Orinding 118
Herbert No. 7B (146)

Cear hobber R 1+8 (622,01)
Gear hobber L-400 (624,03)
Gear hobber <254 (623,00/.02)
Shaper 2a-laxicut

Gear hobber L-400 (624,06)
GTR Okemoto (668,01)

E2EER

-
®

GTR wWaW (“l.u)"

Gear shaving G«46 (674.,02)
Lath 1LB-20 (114)

Beneh dril) (402)
Hilling FE-2V (224.01)
Milling MZH (214,01)

EEEEBESEEEEELREEES

e dAIREBERT



Pollowing are the Summary operation sheete for the
components of the second shaft line.

OPERATION OPERATION | WORK STATION
N UMBER
10 Material eutting 203 Codbra Hackoaw
20 D/B Pacing end centering 296 /B, ¥ & ¢ H/C
27 Copy Turning 168 8, Fllote
40 Capstan Turning 145 Herbert No. ¢
60 Inspection 008 Bench
60 liobbings - €24
Hob splines L«400
70 Hobbings 6R8
Hob Qeayr PRIGL
8o Seay Tooth b
Rounding GTR W/C
90 Deburring Jench |
100 Gear shaving —  Geay shaver ——

110 Drilling 402 Seneh Drill.




(150002)
O PERATION QPERATION WORK STATION
N UMBER
10 Haterial Cutting 208
Cobra Hackeaw

16 Straightning Straightning Press.
20 D/E Facing end 296

gentering D/8, ?/C machine
30 Copy tuming 168

Skim 8. Pilote
57 Copy tumings 168

R and ¥ copy tum 8, Pilote
47 Cory tumings 168

R & P copy tum, 8, Pidote

eut groo¥e
65 Centre tumings 114

evt gmoove 1B 20/1000

Centre Tur.ing: 119

Cut grooves 18 20/1000
80 inspection 008 Sench
80 Hobbing: ~iob Splines 623,02, r<li
100 Hobbings Hob Splines 623,02, P-261
110 Deburring 008 Bench
120 Beneh drilling 402, Bemneh drill
130 Inspection 008 Beneh.



3)PART NANE ¢+ Intemmedinte shaft (735-724)
Part No. s 2233028
liaterial $ Re21

w
010 Material Outting 203, Cobra hacksaw

20 /B Fecing eud Sentezing 295
Face and eentre both end n_ll.rle.vc

27  Seny Suming 68
Fo Copy tuzm 8, Pilote

40  Sapaten tumiag
Drill, C'SK Boro,Cut Gmoon 149
FoPum, C' for O.d & Rean Hesb, No. 4

050  Juspechics 008 beael
060  Jiobbing Gs hobber Le400/
070 Jiobbine 623, G.Hobber P-251
20 G.Tooth roumdering 668,04
90  Jshuxzing 4060 Seson
100 SEAYING 674
Shave goar Gear Shaver
110 ddlae 4
Dpill 04l hole Bench drill
116 Deburring Benech « 008
Mil) moteh me v

130  Jnepestion 008 Bemoh.



SHARA = TS0,

Y/ Part name ¢ PO shaft
Part no s 250020
e s OO 3. LS I EPRPDROURROUOURE M) SOURPUPRIFDOROM- V.
040  Jatemial Cubtiag 203
Cobra Hacksaw

015  Shmmizhining 8%, FPress
020  2/E cent.ond Facing 295

Face mnd centre both ends D/E oent.& fnoe
030  Centre fuming 168

8. Piléte

037 Soxy tuaning i68

R end F copy tum 8, Filote
038  Sireizhtening s

Straighten tumed portion St. Press.
047  Couv tuzadng 68

R end ¥ ooy tum 8, Pilote
085  Qenire Suming. 114

forn Sxceve 1% 20/100
057 _Qenitze funing 114

Cut grooves IB 20/1000
060 Jngoeetion 008 Beaoh
070  JHobkimg: Hod Splines P=R51 /623,02
080  Jighhings Nob Splinmes P-251/623.02
090 Jabuszing 060 Bench,
095 Jugpection: Inepect Splimes 008 Beneh,




:
:

5) Part nome

\EE

[
s
()

i

Face and emter Both end

E

mmd P copy tum, cut groove

!

il

Hob Gear

by

|

Cobrn Hacksaw

»/R, ¢/F, ujC

8. Pilote

8, Pildte
008 Bench,

HR 8
060 Beneh

078 Benche



M

€) PART NAME ¢ BULL PINION SHAPT (L)
PART EOe s 2500068
MATERIAL 8 Re-21
010  Inspection
020 R/E Gents Taging

Face snd Oent, Doth ends
027 Loy luming
057 Copy turning
046 Drill, Gore drill, ¥.Sore Out
intemal grooves 'C' for Bore
076 Jabkingl hobd slinee
080 Jighbbimgs hod sline
085  JaRhRing
R Hob Geaw
090 Jibhing
P, hod gear
110 Deburring
120 Shaving
Shave Gear
1% 2pdlllng 20

140

brill oil hole
Inepeetion

008 Bench

295

D/B, /P, W/C
168

8, Pilote
168, 8, Pilote
REV-60

176

623,02, P-251
Gear hobber RH-8

624,04
Go hobber L300

Gear hobber
624,06

060 Beneh

674

G. Shaver G-816
402

Banoh grill
008 Beneh



7) PART NAMR ¢ BoFeS, (RT)
BO. s 250007'3°
040 Inspeetion 008 Bench
020 D/ Cent, snd Pacing 295, D/E, C/P, NH/C
osv Copy Suming 168, 3,Pilote
037  Copy tuming 168, 8, Filot%e
050 Inspection 008, Bemch
060 Jighbing 623,02
Hod Splines P-251
066  Jiobbing 624,04
R Hob gear Cear hobber L-400
oo Hobbing 624,06
¥, Hob geay Gear hobder
080 Johving 622
Hob splines RH-8
090  Deburring 060, Bench
100 Gear Shaving 678, G.8, 16

110 Inapeetion 008, Beaneh




8) PART NAME

M

5588833

130

150
160

s INPUT SHAFT
3 222015'AY

Inspection
D/E Pacing end centering

Sopy Suming
R and F foce and tumm

Gony_fumndn
R & P copy tum & out groove

Sapeton Sumdag

Drill, "0 for, Roam and out
grooves

YL, Grinding

Straightening

Inspeotion

Jebhings hod splines
Shaningi Stepe spkines
Jipbbings hob gea¥e

Zogth romdiage Rownd opline
tooth

Jecih Bewnding: Round of gear
tooth,

Deburring
Gear Shaving

Bench Dyrilling
Inspection

008 Bench

D/®, B/Cy W/L
295

168

8, Pilote
168

8. Pilote.

Her, ¢-445

E-130/500-538
RYL.58e Press-713
008, Benoh
E-40062¢
Max,out, 24-614

3507 GTR-668,04

674 .

Benoh drill, 402
008 Bench



) QONNECTING SHAPT ¢ (735 + 724)
s 281081

HO.

WM

110

R and F ecop. tum

R end ¥ opy. tum out groove
Drill, Ream, 'C'SK cur groove.

Inspection

liob Spline

liob spline

Groat tooth

Round off spline tooth
Devurring

Inspect

250,04, D/B, C & ¥

u/c
8. Pilote, 168

8, Pilote, 168
Herd 7B/146

008 Beach

P=201 /623,02
H400/624,04
665.04-G7R, Oken
GTR-668.01

060 Beaeh

008 Benech




10) PART NAME ¢ INTERMEDIATE SHAFT
HO. s 722022
010 Material Cutting 203, Cobra hacksaw
020 JZasing.md Centzing D/B, B & C, /0y

030 Copy Surning:
Ry 8, Py P copy tum and cut 168, S.Pilote

groove

040 Capston Sumningt Dril, Rean Hord No.4/145
i.e0. out groove
050 Turning Lb-114
060 Inspection 008, Bench
07  Jiobbingi hod eplines H-400, 624,06
080 Jichhing: bhod gear P-251, 623
090 Gear tooth roumding GTR-660,04
100 Jehurzing. 006, Beneh
110 Shaving G.Shaves, 674,00
120 Beneh drill Beneh Drill, 404
185 Deburr 008 Benech
130  Jidldng ™ v
Nill Bateh 224

140  Inopection T 008 Bemohe



\\) PART NAME s INPUT SHAPT

EO. s 7R2015

040 Inspection Benech, 008

020 Haterial Cutting 203, Power haksaw

030 D/E Faoing end centring 296, D/E C & P, N/C

040 Copy turning 168, S.Pilote

050  Copy tuming 168, 8, Pilote

060  2/Turret Twmings Drilling, 145, Hod, No.d
Reaming 'C' for a groove eutting

070  CY¥L. Crinding 535, K«130/500

080 Inspection 008, Beneh

090  Hobbing: hob splines 624, G.hobber, L-400

0956  Hobbing: hod splines 624, G,hobber, L-400

100 Shaping: Shape splines 614, Maxicut 3A

110  Hobbing: Hob gears 624,06, 1400

120 Tooth rounding: Rownd spline 668,04, n/C
tooth

126 Tooth rounding: Hownd gear 668 wuw, GTR, W/C
tooth,

127 Tooth rownding: Round gear 668, Wi, GTR, M/C
tooth

1850  Deburring 060, Bench

140 Gear Shaving 674, Churchill

Go-465
160 Sgnch drilling 402, Baneh drill

160 Inspection 008 Bench
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\2) SQURQUENT JAME ¢ LAY SHAP? (DUALEWPILE

{4 s 72202 *A°

10 diaterdal Cutiing, 203, rower Hackoaw

20  Facing end centring 206 7 & ¢, W/¢

30 Qo tumdngs R & P ooy 160 8,Mlote
tum groove

40  Jurzet tumings Tum *C' for, 146 Hewd, No, 7B
¢, drill

50  Jupret twmings Drill 'C* for 146, Hewd, No, 7B
¢, drild

60  Jnspection 008 Beneh

70  Jgbbiag: Wod eplines 624, HN4SO

80 Ssntxe sd _twmdng. 114, ot
cut threads

90  HJiAldngs Mill slot 214, M 28

100  Deburring 080 Beneh

110  Jagpestion 008 Beneh




) AME
NQ.

W

040

g

¢ LAY SHAFT
s 702001

Materiel cutting

2/B Facing. spd eonizing

Loy tumings R end ¥ oo
tum and out groove

Sony _tuming: ReS5.T.F oopy
copy tum and out groove
Soeston tundno

Dril, 'C'SK, Ream

Sapstep ffaming : Drill, CO'SK
Tap

Jaspaciaon.

Jiobbing.+ Hob eplines

Jobbing Hob splines

Gentre tumning: out threads
Jorisental milling: Mill slot

203, Cobra hacksaw

295,00 D/B, F¥/C, W/C
168, S.Filote

168, 8, Pilote
Turret-7B(146)
146 78

008 Fweh

Cu. Groar lobber
E-400

624, Gear Iobber
H-400

114, IB-20
214,01, N 2H

008 Beneche




x‘ym ¢ DRIVE SHAPT

HO. s 722065

10  Jasseeticn 008 Benoh

20  D/R fasing.snd scntering /8, ¥ & B, H/0

m .

%0 Som Suming 8. Pllote, 168

40  Semx Suming S. Pllote, 168

50  2/Iupret Iuming RIV-00, 170

60  Somtze Sumine 1820, 114

o%0  Jospestion 008 Beaeh
Howking 624,06, 1L-400
Jigbhinge Hod spline ' Gueat “wbbew, 624,

Rehurring. 060, Bemoh
Qantre Sumilg <20, 114
Gear shaving
JAagpecidon

¢8-165, 6™

130 008 Bench




With all the dats collected shifte for all the shafte
ok various machinee were ealoulated end wwitten in a tabular
forn, The shafts were caslulated wusing the formula.
M-Wm

' '7:“0

For example considering operation 020 of Intermediate

ghaft (Swara] 720) on 200 Facing ond centring machines

Jdiaxes~
Operation no. = 20
Standard time = 2,8 min,
RBfficiengy of the machine = 98%
Peroentage cotup time = 17
Quantity = 50
Shifto vequired « S8ES0E(As (A7 400)

+92 x 450
s 416

How the mext step was %o make a flow chart for all
the guantity datches numbering 27, The shifte required on
2 maghine were available in the table already made. While
making the flow ehart it was Saken oare that the sequence of
the boteches 48 such that we obtain & syeteam with least

material storage end with almost mo idle time for the machines
In another words that sogquence was chosen by manipolation as
& vosult of which the work flow is mexizum with leest idle time
for machine end minimum storage of counponents,
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mu.lomumn-vmmmummuu
Sarlier. These machines were only having the load of shaft X%
uumnm-muwm-muomm
because of the flow gehart an casily deeision eould be made
%o bring them closer in the shaft line.

2) Machines to be Surpassed.

Flow chart explieity explained the machines which were
uuwmmnmun-mm
mumtumwumnum
while the other components surpass the machine through seeond
track. In our case the no. of shafte were large and almoot
mmudnuumwﬂuoﬁum-
nent. So a over all double track conveyer is suggested exoept
in front of three machines,

3) The maximum storage required for a maehines

Maxizum storage for & machine is necessary as in some
mhmmmomumgmm
ommum-mmuuohmunaummu
material is machined.

4\ The s=a0t location end timing of the compcuentas
Since the flov chart has been made for & mouth and

dete wise oo we em easily Xnow sbout the location end timing

othmﬁwﬁnum‘tts.n&nnﬂmu
“m.ﬂf’l“wmhﬁdﬂmmu-ﬂ
than the months load. In these cases extra time or Shite will
be required to cope up with the situation.



Length of the aisle was also %o be taken carve of am
in this case the pallets wore %o be taken off the coveyer
mwuanxm.mmmmnnhnm
perpendicula’and then 1ift up the pajlet. This nseded at least
4 neters of space were as in other cage 2,5 meters serve the
purpose of feeding machine. '




Conpnaring the new shaft line II with the original
method we ean put forward come pointss

1) PFiret end the formoot point is that with the making of
the new shaft line II material movement in the shop will be
reduced to 2 large extent, Thies will result in less traffic
on the shop floor and leoos congestion.

2) Secondly the work flow Shrough the shaft line would
incease resulting in greatar efficiency of man and machine
where ao on the contrary due to excessive material movement
in the original method the efficiency is very low,

3) Ne extra spuce hae been utilised for new gystempy Omnly the
transfer of machines hao been done, But this gyetea will prove
%o de bettor than the original dus %o better plaxning,

€) Productiondelays in this proposed oy *em would be viry
less as the material flow is very good. The operation times
end $oads have been balanced, which résults in better work
flow and leseer production delays.

§) By shortening distances and reducing idle material in
delays aud unnecessary storage, the ¢ime for material to
moYe will be shortened thile getting more output in leceer
time, This will also reduce indirect labour giving more

afttste officiet aysten.



6) 41l the machines being situated in eenfined area gives
better chance for supervision and maintainsnce with work
'Y G Yoo

places dee ald woykersy In such a gystem. The supervision
ean also check the work comming through snd going out,

7) This new system is aleo able to adjust to changing
econditions.




1. Operations Researech
By Heera and Gupta,

2, Practical FPlant layout
By Richard Muther.



%o design a pnoumatiec 14t for lifting of the
$molley for Gear box assembly.

My, 8,5, Verma,




LROJECT:
blﬂapﬂﬂomm”mottbm
for Gear box assembly.

SUZRODUCTIONS
mammum-am.m
amnu:hmmumumwmt
umnsmwmmhmwmuum
assembled. The trolley fres four wheels mnd it moves on &
mmummmummm
tulcn-lotﬁou*nlummlﬁm
peaches the other end, Thio end being elose to main asseubly
nn.mmmuww-m-uumut
Differential housing. w‘,mmmmumm
for its fitment with difforemtial housing, the trolley om
which gear box was ascembled becomes wmoecupied and hao
aumuumaruotuuozmm
box assembly. Instead of picking up the trolley emd %aking
ummm.u-nuoam-munqn-um.
In this qu-annbwmmmuqhmuu
whore it 1o pushed on & track parrallel %o to the above one
and the other 11f% at the for end takes it wp %o its owiginal

position.

mnnuommuummn:mmqn-
m.am—quuuo-muamqmn
with a umumcm-.m-ch-uwu.m



Mﬁomﬁon&mhomﬁ&uﬁﬁuﬁpﬂuh-
qumtn-muhotﬂnummum
onmmomruu.wum-nunnuu

“.un-hmnumuu‘ﬂummm
thmumﬁ.oﬁordlo.dm-ntn-
the fivet oide thus moving the piston inawards.

In the present aystom pnoumatic eylinders are used
to 1if¢ and bring dowm the trolley. This ayeten employs, the
aysten of vope and pullay, tho ropes being pulled by two
”ﬁowwm!hmﬂm-.uottu



NEED FOR THE PROJECT was felt when it was found that
the present system though working well was not effieciemt.
There were & lot many loop holes in the aystem. Then are
as followss

i. Thiec aystem has boon designed with a factor of

safoty as & which is too much for such requirement,

Foree to be 1ifted = 70 Kg.
Force available e 313 Kgx 2= 626 Kg
(Due %o two eylindexe)

mus 2,005 = - ¥9

2, The etroke length of the eylinders is of 70 om,
where as the 14ift requires only 40 em of stroke
length, The excesaive otroke length results in
loosening of rope and its disengagement from the
pulleyse

3. The 1ift acts as a cqntilever.

4. Due to the misalignment of pulleys there 18
exeesaive frietion.

5. The height of the trolley is 30 em, whereas the
distance between upper and lower track is 40 em.

That means the clearance provided for the molley
15 10 on wpheh cen,roduced to 5 om, whieh,quite
apprecisble, This would help #8 i reducing the
1ift required %o 35 em.



6. 54978 ee of compressed alr is being consumed
in every stroke compared %o the actual require~
ment of 51415 e¢¢ with the same mechanism.

7. Dus %o the $dle stroke, the operating time is
HOPFCe

8. The ratio lift/stroke = 0,57 for the preaent

syeten indicating that the systen is not good
teelnically.
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!h.pnpulmhMlmruM-ﬂu
muummpotmqm-rutumum-
$age being the matio of 1ift/stroke = 2, (the drewing
attached.)

QRSERVATIQNS AND CALCULATIQNS:

SOUVEXER BACK:
Total height of conveyer rack -.'l-
Height of upper track from ground = 66 en
Height of lower track from growmd = 26 emn
Distence through which the trolley 18
%o be reised = 6626
= 40 en

JROLLEL:
Weight of the txolley = 40 Kg.
Height of the trolley = 30 em.

JAEL CLANNEL.

Veight of the 1ift ehamnel = 156 Kg.
Woight of wheels attached to the
14t channel for guiding ' = 16 Kge

ZUEVATIC QULIDER QI AL ElL ST

Diameter of each cylinder = 10 em
Stroke of each gylinder = 70 em



SALCULATION OF FORCES Zi FRUSRIL SLSIRY
Foree required to 1if% the 14ft chamnel aleng with
trolley

=80+ 15+ A5
= 70 KB.
To get the foree evailable from each pneumatic

eylindeor we use
¢ o

Jl erza-fharza \_/

A -l:(llrr)-f(ﬂ(”'”)

= 313 Eg.




Veight o be 1ifted -snu-(“"

Due to this lood the links may buckle in two plemnes
perpendioular So each othor, For puekling i vertical plames
the links are considered as hinged while in horisontal plemne
the links are assumed a ¢ fixed at bdoth the ends,

From the drvewing it is clear that main load acto on
tho links at the bottomposition f.0. = 26°

Foree (F) roguired to attain the 1if¢

o e o
ten 20° o

Vor = 500 Eg.
Let %, = thielmeoo of link

j‘ = width of links,
Crossectional area of Mnk = & X B,

Assuning the width o be three times that of
thickness ® A

.

MoI of erossection of Mak = I =gk ‘;‘:

= 2,25 4



~ Again using Remkine for-mula b SN, S

Ve know that I -At'm

9600 ¢ - 800 & - 3vvee

& o 000s (800)° + 4(9600M(377.6)
. 2 x 9600

t = 4.8 mm,

Ve take ¢ = 6 am.

= b = 18 mm.
mmmmuum&m

Bquivalent length -+-u-



thie {0 more $hin the ealeulated one, Hemeco the
design is safe.

DESIGH OF RES.
Ml‘ = diameter of Pins

Sinee the pins ave indouble shear
T
P ulx - 48ﬂ

e Sl

G =5m

So we take 4, = 5ma

EQRCE ANALISIS.
Foree required to attain 1ift = 890 Kg.
We will use two pneumatie eylinders of 10 cn diameter

f. = 33 Kge

umnmmm_wqu-lm
hl“lm" = ‘“u

The design is eaf€,
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SQHRARISON DRIV RREJZID ALD ERORQIED SYSIEL

SRESEIT_SISTL. ZBOROSED SYSIES

1) Twe Meumatic aylindere of 1) Two Eneumatie eylindesd of
10 en dia and“}0 em otroke 10 en dia and 18 en
are being used. Stroke is needed,

2) There is an idle stroke of 2) There is no idle stroke,
30 eme

3) The 1ift acts as cantilever 3) The 1ift scts as slaply
supported at ends.

4) 10995 oo of air 1o being 4) 2028 ee of air 16 noeded
used in every stroke. for each atroke,

§) Thore is exeessive friction, §5) Relatively less frietion.

6) Operating time is move. 6) Operating time is vexy lpes.

7) Rotdo AREE - 0.67 7) matio M- -2,




A pneumatic 14f% with the advantages like redustion in
air sonsumption, Inerease in lift/etroke ratio, reduction in
opereting time, reduection in cost of cglinder has been
deoigned.

There are a fow things I would like to recommended.-
One is that the 1ift chommel should be made of some lighter
and stronger materisl so that the load to be lifted could de
reduced, Secondly, the ayoten should be properly lgbricated and
covered so that the dust does 2ot at all come near the eliding
anchaniss, This would cause a lot of frietion and power loes.
Thindy, the lower track should be given a proper afand so that
the twolley could veach the far end by it self 1.¢. without

~m.

1. Hachine design
By Me, ReC, Dehl,
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To balance the aseembly operations for econveyerisation
of asseubdbly line till Ingin® coupling with gearbox,

My, Ajay Gupta.




To balsnce the asseunbly operations for conveyerisation
of assenbly line till engine coupling with gear box,

SAEIEQRVCTIG

In the ssseubly shop, the assembly of the trector is
dome on the trolleyes which mo¥e on the preserided track only.
The wheels of the fSwolley and the ¢track are signed in such &
way that the trolley does mot loose the track, Firet differe~
ntial housing is pjkxes placed on & trolley and all the assembly
work io done on it, After that Gear box is coupled with the
difforential housing and all comcemed parte are assembled
t€i1] the BEngine eoupling stage is reasched., At this stage Engine
ds coupled with Gear box mmd another kind of trollaey is used
for supporting ingine. Thuo the tractor rests on two trollaeyes
after the Engine coupling otage. After this stage the assen~
bled portion is sent for chesis painting in the painting booth
spocially designed for chesis painting., A baking over follows
the painting booth in which for quicker snd uniform duying af
the paint, After the paint has dvied the assembled portion is
taken o the eleotrieal and sheet metal fitting. In thdee
arcas various types of electrieal, and sheet metal fituments

are assembled on the tractor, The radiater, fuel tank, exhaust
pipe, tywes ete, are alop fitted to the tractor, After filling
dicoel in the tank and water in the rediaten the tractor is
ready for various tests to be performed om 4it.
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NEED FOR THE PROJECT was felt whem it was observed that the
anmuhmuhu“ed
pushing while going from one stage to the mext, The following
are the disadvantages of pushing the trellyer from are stage
to the mexg. :
1. A lot of fatigue is caused to the worker ne the
weight of the trolley plus tractor is very large.
Some times it 15 beyond the reach of & single
person 8o at loast two persons eve required %o
push the trolley.
£. M sdditional time of % minutes per stage has been
given for the pushing purpose, This time per tractor
amowmts to be lavge when all the stages are
considered.

Thus on the average the gystem of pushing of trolleyer
come® out to be very inefficient end time taking.

So it was proposed that the assembly line shbould be
mmmm-muumuuuﬂum
Aftor that the tractor con be taken for painting on & diffeve-
nt conveyer which will be of over head fype of convayer.

The use of overhead conveyer is dome so that the quality of

of paint beneath the tractor could also be maintained a®
&5 being on whole of the body.
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The solution to the prodlem can be given by balameing
the various assexbly operationj Standard times for all the
operations are available and the space available for these
operations is aleo know to us, thus an optimum speed of the
conveyer can be found., The speed of the econveyer would be
sush that all the operations can be done in the space avaie
lable to them end alsy the target of 22 tractors & shift emn
be reached,




HORIZONTAL FIXED ROUTES

Roof of terminal

Despatcher's gallery
and offices

" Ouernead
chain conveyor

Mast engoged Tubutar telescopic
‘A mast disengcged from

th conveyor
wl 4 "v.-l conveyor

- [T

Trolleys : 6'0" long x 30" wide g
Speed of conveyor : 35-110 f.pm. =

Trotley disengoged
g i i o from chgin

with chain /

Bumper which
automatically
disconnects trolley
e and applies brake

Chain race

Dirt trough
. --

-

Two dirt scrapers
per chain

Pick-up plates .

b

Fic. 36. The tow-type conveyor has changed warehousing methods within ecent
vears, The overhead type (a) is used where an existing structure or floor surface must
be utilized. The floor-type conveyor (b), developed later, eliminated all overhead

equipment. ( “Freight Handling,” Anglo-American Council on Productivitu. London.

1931, pp. 18, 19..

ot 12'-0" centres d

- —
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SLANPAKDTRMES QE THE QERRASIQUS OF ASSEMULY LI,

le P70

2. B.P, Staft (lemd R)

3. OCage assenbly

4., %ail Pinion carvior

8, Baock end assembly

6, Rear axle snd Trumpet housing

7. Trumpet housing asoeudly

8. Rig testing and P.7.0. asseubly

9. Gear box coupling

10, Eydrolie pump coupling to Gear box

ii. Rear cover and clamps fittment

12, Response control velue assenbly
fittuent %o rear cover

13, Steering assembdly £ittuent

14, P.T:0, shifter asseudly

S_lo P.T,0 shifter asequbly fitment

16, Connections of hydrolie pump %o
recponse eontrol value end
torquing

17, Breather Flug fituent

18, Iower links and drew bar
fitnent ete.

19, ingle bragket fitment

= 5,12 minutes
= 6,56 minutes
= 29,006 minutes
= 9,3 minutes

= 72,65 minutes
= 27,81 minutes
= 40,42 minutes
= 13,83 minutes
"_‘o"m
= 16,02 minutes
= 16,87 minutes

= 2,15 aminutes
= 7,97 minutes
= 3,88 minutes
= 1,06 minutes

= 7.16 minutes

= 1:45 minutes

= §.20 minutes
= 1,08 minutes



1%

20, Booker link fitment and tailow: hook = 2,43 ninutes
fitnent
21, Sensor tube sub sssembly smnd %5 2ink = 8,80 minutes
fitaent plue sensor tubo fitment
22, Brake sub aseemdly = 185,06 niautes
23, Brake fitaent = 7,20 mninutes
24, P.T7.,0 shaft gover fitment and
removed of rubber sleeve fyom its
throaded part = i,4 minutes

25, M1l oil in differential = 3,12 minutes
26, a) Couple cha$isto testing
b) Dip stick cover fitment with five
bolts and inspect,
o) Rivetting of stopper on control = £9,61 minutes

sector assembly
27, Torquing of breathers plug = 0,29 minutes
28, Torquing of fastndte and wecouple = 3,40 minutes
from testing g
29, Brafe pedal sud ascombly and its
fitmotment = 10,45 minutes

50, Assembly end £it cluteh tie rod

%o troctor snd linkege %o brake
pedal = 2,72 minutes

31, Drop ara fitoen$ = 4,80 minutee
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32, Parking brake sudb sscembly and = J.17 minutes

fitaent

33, Pit battery mig, freme = 1,65 minutes

54, lock links to angle brackets = 0,20 minutes
by lineh pins

35. Toot board (L and R) foot = 7,60 minutes
aseelerator fitment

36, Engine eoupling : = 12,75 minutes

37. Pzont frase fitamt = 2,38 ninuteo

38, Bomnet stand fitment = 1,78 ninutes

39, Rear freme fitment mmd clamps = 8,06 minutes

40, Plek up and £it wiring elamp on = l.i9 minutes

differential and £it rownd pipe
elomp on exhaust manfold by tighting
gerows with hand

4l, King pin stud Asxle fitment 8.70 minutes

42, Zero adjustment of stz Assbly = 4,47 mnites

43, Me wds fitamt = 5,10 minutes

44, Thwottle assembly €itment = 1,83 amitée
( Reme steewing)

SCrews

45.
a) Gover plate plus u@thmot%_z.n KD
cover plate with nut maner

~b) Push rod esembly to xd only /) =
46, Fitnent of fuel ocut off rod = 4,32 mmites
47. Torquing = 3,20 mmites
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SABRE QK ZHE COUVEXER.

Total minutes in a shift = 480 min,

Working minutes = 48030
= 450 min

Taking effigience to be 80%

we got the working minutues = 8 x 450
-‘Odlo

Hows

Total distance of the moseudly

1line to be econveyerised = 161 m

Prduetion traget = 22 tractor/shift

Let the distance between two =Xa

tractors on the coveyer
Sotal distance reguired for 22 tractors

Speed of the ccmveyer - fRme

- B

“lluo'-

-m—_‘lﬁuémhﬁ




From the sbove oguation x= 16,36 5 4t is clear
mtuzhmuw,%bww That means
if the spaeing between the trollgyexr is ineréased the speed
of the eonveyer Will also have to be inereased.

From this equation one more thing is clear i.0.
mwuum_nummmu-m
mmm:-uu.atmnmmum.
tractor reaches the same point only after 16,36 minutes of
the passeing of the ecarlier tractor. This infrence has been
kept in mind while balaneing the assembly operations i.e. 4%
hae been taken care of that no operation needs more than
16,86 nininum of the tvector, If it 15 so then there will
be overlaping of the operations.




SIACE 2

The assembly of the tractor starts from the differen~
tial housing assembly. Piret the differential housing is
placed on a trolley and then all other fitmente made.

The standard time for all the operation before
test wigin = 26,18

This job has to be done by two workers. So the time
before test rig = SHgll.

s 13,00

According to this time the distence required %o
perform all operations i 13,09 x 447

= 5,80 m.

Since another trolley will come after 16,36 minutes
and the wowker is occupied for cnly 18,09 minutes so the
romaining time ab the worker can be used in other operation
en in the cub-assemblics

SR 2
On the test rig the assembled portion has to wndergo some

tests, So they will have to be discomnected from the conveyer
end taken out to the testing. The standard time for testing

operations on the wig
= 31.04
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But as the tractors would be coming after 16,36
ninutes that meanc only altemate tractors can go %o the
tost rig. Moreover the tractors csm mot be disconneoted from
the line to wait for ite tum as this would block the line,

So to overcome this difficulty it is suggested that
two test rige should be made available. In this case all
the tractors would be able %o go to the test rig as altemate
tractors come after 38,72 minutes where as time reavised on
the test rig is only 31,04 minutes

SI6R .3

All the operations $ill trumpet housing assembly need
only 15,860 minutes. If two workers are given these operations
then the time for which conveyer would be required 7.75 minute.

The distance required for this work to be done in

7.7 minute = 3,406 ainutes

SIME S

How the next stage of the assembly is the trumpet
houwsing asoeshly to the differential housing. This stage
require about 40.42 minutes to accomplish. If two workers do
this job then the work can be completed in 20.21 mumites.

ind this work can be done in
20,21 x A7 = 9,00 ns
It 1o seon that in this etage the working time we
alicgotting is more then 16,356 minutes. This is not desirable
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mumwumu-muu-&m
men work there. Thie i@ aloo mot possible ae it will cause
a lot of congeetion, In setwal practice the time will ecome
out %o de less them 16.36min.

SIUCES

In this stage the differential housing is coupled
to the overhoed test rig snd the standard time for this test
is 13.83 minutes.

Sinee the test has to be performed by only one worker
g0 the time taken will be 13,83 minutes. The distance for
which this %00t will go on 10 13,83 x 447 = 6,18 m.

SRS

In the otage tho differential housing is coupled %o

the overhead test rig end the stendard time for this 10
13.63 minutes.

Sinee the teat hao %o bde performed by only one worker
g0 the time taken will be 13,63 mimutes. The distance for
which this teot will go om i

13,83 x 447 = 6,18 ninutes

: c o 2 s,
In this stage following funetions have to de

performed
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1. Gear box eoupling

2, Hydrolie pump coupling to gear box,

The 4ime required for the above ¢time operation arve
11.79 minutes and 16,02 minutes respsctively.

Total time required to perfomm these operations ie
27,81 ainutes, Those operation hage to be done by 2 men &0

the time of the amgagement with the conveyer is 27.81/2 = 13.90win
For thie time the distance travelled by the

conveyer 18 €.,21 minubes.

SEEZ
This stage covers the fitment of wvear cover % the
differential housing. |
Standesd time requived for the fitment = 16.08...
So the angagement of the workere

with the conveyer 1o for = 16,08 = 447
= 7,16 ninutées

S1ME S
This stage covers the following operation.

i. Response control value assembly fitamt to
roar eover

e 2,19 ninutes

2, P.7.,0 shifter asceadly
= 3,28 minutes
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8. PeTo0s shiftor acsesbly fitaem$
= 1,06 minutes
¢, Conmection of hydrelie pump to response ecntrol
valve and teoquing
-l.‘dllhl
8. Breather plug fitaent
= 1,45 minutes

The sum of all tho operations is
= 13.82
So the distence through which the trolley will move
while deing worked upon is
o 15,02 x 47
= 6,47 m.

SLME R

Following operations come under thio stage

1. lower linke ond draw bdar fitaente
e 6,20 minutes

g2, Mmgle brecket ftame
= 1,58 minutes

3. BRoeker link fitaent end tailor hook fitment
= 2,43 minutes

4, Bwake sub aosenbly
' . = 15,06 minutes
S+ BSrake fitment
= 7,29 minutes



118

Sun of all the stondard timee deing

RO v,
If twe workers work on the above operatione thenm the
tine rejuired
a 36,28 i

o the distence Shrough which the conveyer will move
= 16,38 x 447 = 7,27 a.
SLAGE 20
This stage inciude the following operation:
1) Semsor tube oud assembly and its fitamt
a 6,80 minutes
2. F.T.0. shaft cover fitnent and removed of zubber
ficor from ito threaded part
= 1,46 m.
8. Fill odl in the differential
= Jell Me
The sum of all the times is 15,358 minutes md the
distmnoe required is 5,00 m.

Sodidohd
In this stage the $wolley has to e taken to the test

rig. The standard time roquived for wundergoing the test is
16,36 minutes, So in oxder %o keep the line moving we have
to have two teet wigs. Then only will all the tractors go on
the teot.
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Along with the teot the operation like tomquing of
breather plug eon be done,

J2UE5.18.
Following npefations come under this otages
1., Byake pedal oud assembly sad ite fitamt

= 10,40 minutes

2. Acseably of clutch the rod and linkege of brake
podal
= £, minutes
3. Japking drake sud aseembly end fitaent
_ = 3,47

The oum cames end %o be 16,34 and the distance required
iss

16,34 x 447 = 7,3 ninutes

S1AGE 23

Following operation comne wnder this stages

1. Drop amm fitment = 4.80 ainutes

2., PMtting of dattery atg. frame
= 1,63 minutes

3. locking of lduke th sngle bdracket by lineh pins
= 0,25 minutes

4. Joot board (I snd R) plus , Foot aceclezator
fitaent
= 7.60 minutes



419

The sum of all tho operations is 14,88 end 1f one
mrmomuammmmnmmuu

engaged with the tyollay is 6,38 minutes.

ATAGE DS
The stage imclude the following operations:

e mm
= 128,70 minutes

g, Pront frome fitnmt
= 2,38 minutes
S, Bomnet stand fitmont
= 1,78 minutes
4, Rear frone fitnont ad clsaps
= 2,06 minutes
5. Pioking up md fitiing of wiring olamp emnd

differential
= .49 ninutes

6o KePaBohe fitont
= 8,70 minutes

mmxmmommmuum.
ummnmmummmmmm
uuaumwwwmmus.l-.

This stage eovere the following o’-ué.m

1. Zero adjustacnt of ofg. Assy
= 4,47 minutes
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2s The rod fitaent
= .10 minutes
S. Thyottle asseubly fitamt (Rmme steering)
= 7,88
The sudb of the stendaxd timeeo being 17,4 minutes and
the distance required is 7.7 minutes.
SIMRAS
In this stage e following operations comes
i1.a)Cover plate plus tight 4
Serews of cover plate with not mumner
e 8,80 run -
b)Push rod assembly to
2, Fitaent of fusl out off yod
-‘.'m:u/\.
3. Torquing = 5488 o
The sum of all the operation comees of$ %o be 10.03
00 the time of angegenent of a workere will the convayers i
4 .48 minutes.
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