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Automation has been classified into three types
I. Fixed (or) Rigid Automation
2. Programmable Automation
3. Flexible Automation
L. Fixed Automation (OR) Rigid Automation 5
As the name suggests, in this automation the sequence of operations are fixed. and
easier 10 perform. Fixed automation is used when the volume of production is high, and
product variety is low. This kind of automation is mostly suitable for Mass Production.
Here the equipment is specially designed to produce a particular product. If the product
changes the same equipment cannot be used. Fixed automation has very high production
rates. Overall investment is less in case of fixed automation when compared to other types
of aaomation. Ex: Oil refineries, chemical processing, Assembly lines special purpose
machines ;
2. Programmable Automation
In this type of Automation Sequences of operations can be interchanged. The sequence
of operations are controlled by program of instructions. If the product is changed og\ly
program of instructions are changed but not the equipment. Programmable automation
is used when production volume is low. This kind of automation is more suitablc for
Batch production. The product variety will be high in this automation compared to fixed
automation If the product changes, the same equipment can be used with minimal changes.

Ex: NC Machines, lndustria.l Robots. :

3, Flexible Automation |
It is an extension of programmable automation. A flexible automation system is

capable of ucing a large variety of parts with virtually no time lost for change over
Sl le to the next. It covers the advantages of both fixed and programmable

:‘::m.::icoﬁi.m'l';gproduction rates are medium in.ﬂcxiblc?.aumrrxa‘:‘i(.)‘n:.‘1’_!1}:L ej\_tirc system
»| Programmable
‘€ Automation
f; Flexible
2 Automation
E Fixed
Automation

Product Quantity
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Production Capacity
Production Rate r, = 1/7, « The maximum rate of wtg'm that a production facility (or
ion* production lne, or group machines) is able 1o produce
Batch production: under a given set of assumed operating conditions.
Batch time, T, = T,, + QT, + When referring to a plant or factory, the term plant capacity is

Average uction time per work unit, T, = T,/Q  used
ge prod P P of v 3 rofer 1o:

-~ Number of shifts per day
«~ Number of hours per shift
- Employment levels

* PC=nS.H,R,, where,

Production rate, R, = 1/T, 7. Setup thne: O
Job shop production: Batch quairthy
ForQ=1,T,=T,+T.

/ ) n - production machines in the plant and they all produce the
For quantity high production: same pan or product; S.- number of shifts per period
(shifts/week), - hours / shift; R, -~ hourly production rate of

R, = R, = 60/T, since T,/Q -0 each work center (output units / hr)

Utilization

+ Proportion of time that a productive resource (e.g. a Availability (A)
production maching) is used relative to tha time

available. OR
+ Acommon measure of reliability of an equipment (or

+ Amount of output of ction relative to its A +

paincek TS A S proportion uptime of the equipment)
« U = QIPC, where, Q — actual quantity produced by a

faclity during a given time period (pc/week); PC - A= MTBF -MTTR

production capacity for the same period (pc/week), MTBF
+ Utilization can be assessed for the entire plant / any

other productive resources(i.e., labor), where MTBF = mean time between failures, and
* Usually expressed In %, MTTR = mean time to repair
Manufacturing Lead Time (MLT):

« The fotel tme required 1o process & given padt or product  TVOFK - i - Process(WIP):
through the plant. including any time for delays, material  * The quantity of parts or products currently located in the
handing, queues before machines, elc factory that either are being processed or are between
processing operations.
MLT = n, (T, + QT+ T,,) where
+ MLT = manufacturing lead time

e oy WIP = Ry, (MLT), where

o T, = setup time

+ @ = batch quantity «  WIP = work-in-process, pc

« T.=cycle tme per part. and . R,,,,=hwnyplmtprodmﬁonrate.pdhr.
+ T, = non-operation time *  MLT = manufacturing lead time, hr

2.a
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2.b

T,= 1.4 min
T,= 6 min
P=0.004
Upper bound approach :
- Frequency of breakdowns
F =np
= 16 % 0.004
F =0.064
+ Production time,
Tﬂ = TC * F T‘
= 1.4+0.064 x6
= 1.784 min / pc
« Production rate,

1 ’
R, -?=Q.56pclnﬁn

v ) + Production time,
5] T=T +FT,
i i e 14400626
« Line efficiency, :
T, 14 = 1.772 min / pc
E=—S=—1-=7847% o Diodksion oot
T, 1784 o
Lower bound approach : A T
= Frequency of break downs: ) L
F=1-C-pr = 31.76 pc/hour. h
. = 1-(1 - 0.004)"* “. Lo eiciancy, ¥

F-0.°62 Bll‘ixlw, 14 .
Tp 1786 100=73%
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The end produces of the sealysis phase (s compared with (he definiteon phase. If there
roquires amy changrs. then the desgn it one ngain reversed back 1o xynihusis phase

2.3 COMPUTER AIDED DESIGN PROCESS
mmwwuw—m».wmm
destgn system can be grouped into four s srvm.

l 3 ' |
(ot e |
331 Oeometric Modeling
Nk A with sowmy - dewer\ption of e

Thawe rawings 0w cTewted I 8 comgriter Al wlm ompuerand model cen be devaloped
iaal 00 0 prosery e medel Meee Tur dosgran coratiem e gaghiel imegs of te
whjeut om Use scavmm by giving thens types uf commandy s e ermprine
Lype of e 1 O v g - otk 48 poien, o wed
il
10 type of cnmmunile  Used Sor sealing, rnstion s ofter ven®omation
111 type of vommands « Used o join varioos slements o get eshend shape
hees wn dferin ways ol e N e ahpects m g e

1 Wireliwes modeling

1. Defuor Modeling

1 Sl modeling
1. Wireframe Madeling |

h“hlhﬂ.‘ﬂ*.“!ﬂ
of anly puima, mes and curves.

"t

333 Design Review and Evatuation
* Checking the
-v“:.:"""!h'*'-—cn.h., s S O g o e wnily scnvplished vy wing
""“""ﬁ-‘x irfacex, Bt he obiect wil e have u:nu,ah_,‘:':_-u——..w.-—-u....
-u..-::m.'::.:""“'ﬂ'w-f—--.
% ;.-*'-'“m~bmnﬂwm-'-ﬁﬁm~
This iy * Kinematics s coe of S met
the Mot advanced metho cr L ...,__.__-.__:-:.‘::n-uq“nny
% —whh.ﬂ-..m” wofrwar we svalls 0 perform 4 ke mechanivms. Commitcial
lll‘—‘: oAy Asalysis af Mechankial Sysese) ADAMS Autumatic: Dynsese
CRT. There "'""""'“—-:uu..“‘ g 3.3.4 Automated Drafting
Tike, ProlE, CATIA, st are capebie of s S s e This ivwolves creation of hard - cupy drawings of e models .
332 e U Grphie, Solid Wocka v CAD datsbce. Automates dsfinghepa o geacee il o o e
Analysis dicectly from » solid mude.
e analysis kavolve \ The and wlerances
analysis ete. Diffevent types of analysis can be beat - smnater computations, Huid fow :mbt:.d-p-—“mz:“ P\ g vy
hadden R

Mm-‘dym‘ﬁuq’-.(*
1. Analysis of mass propenies
2 Finite eiemont analysia

md—mpuu.&-n::-m-u-um-h
e

arva, weight, vohume, cemter of g, avity, moment of

M-&-mm-ﬁhihﬂ.m-.
Ansys, Nastran, COSMOS, Fluent, Hyper Mesh, Star - CD ,

*h-ﬂuﬁwdon-hmﬂ.
3.5 COMPUTER GRAPHICS

mmh-u--.,.—-uh-cm_,,_‘___,

mbm“h“mn-

Provides engs CADICAM softwase
wmu-uun-ﬁmu.&m_m-
1960 \M software has developed stautily simce the development of ICG in
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3.11 2.0 TRANSFORMATIONS

X sad ¥ co-oedinmes mw cequired 10 sgecify & point i & two dimensienl co-ordinate
systems. These & oan be in maix fonm s

~f3]

Similar matrix repressasation can be used to specify line connacting batwees twe co-
ordinases (x,,y,) and (x,.y,)

L.[-. £
%

The satasion would be
L-['- ’-L
Lo )
Using matrix algehen , 21 trassfoemations cam be pesformed o the line or point.
3.41.1 Translation :

Translation iovol! ing the e)
(xy) to & new position (x',y) is given by
Henrduandy wyedy

where,
2",y = Co — onfinates sfter tranalation
x,y=Co~ondi i
dx, dy = My pont i X
B maatrix form, translation is represented by

[1GH]
=[p]=lel+I7]
Z)

M-[;J ’

{5

10 one location 10 ather, Transation of & poin!

e efis

e 4 odi

¥

=

—
S—1
A

2.11.2 Rotation
1% 5t tyyes of Iransfusmeniim the co-crdisams poiss axmejsted with S grometry we
relatet aburt o gt (OngIn) in rwe dimessinnal o -y plasm Rotarion of ihe peini b
Place sround ¢ - mais
’

| s
Considar » point W stsched o the seis OAT a0 Dawn b Agirs 1 Ar s g
wo-andinetes of the poinns st x and y aui be ', ol P

Flgwe )
uo-pa-rn--—md-mwmuu-hqmou-u
bu’-h‘rhn-lva-—-“d-m

[r———

3.13 Concatenation of transformations-

The previ:ms single transformations can be combined as a sequence of transformations.
This is called concatenation, and the combined transformations are called concatenated

transformations. The objective of concatenation is to

to achieve a single transformation.
Example: . .
R

i 1,

of the

The

q of
* " Transtotion to the oriyin,
* Then rotation about the anigin,
* Then translation back 10 the original looation.
Magnifying the el but the |
ocation.

]
The of would be:
*  The element would be scaled (magnified)
*  Trunslation to locate the desired point '
¥ Determine the position of the pelnt (3,1) sfter senling by o factor of 2 and rotated by

A L e
(2] T
[3]-E]

s M
[ =]
[]s =T
[;]-lom ]
Ay

The same result can be
matrices. The product of the two matrices would be

T R botiey

would be:

ion of one of (ts pointa in the same

Tihod

the two

accomplish a series transfor(nﬂ' ions

4 -8
“+ 4 3

about an arbitracy point in the element

sx-v olo.mn -0.70111
0 207071 07071
1414 <1414
[l.m |.m]

Now applying this concatenated transfomation marix to the original point, we have
K %
L"]"“‘u
W] (1414 -1414 3}
Lﬁ']‘[mu 1.41‘“1
x [2m8
L"]-L-“’]



45 WAIDEDPROCESSPLANNINU [ Lot J
tanning. as discussed at the starting of this chapter, includes the
mdﬂmﬂ@ywmmﬂwofnwmﬁﬂsmdmw
son and assembly. The pe plar ] ...instheseque‘nce_and machines
-ﬂmumwﬂmwwtmm:sduu@gm&
ﬁnimm&em#ﬂdmmsﬁbbmysfotmanufm.
M&d“m’mmumswm&ddm
muummkﬁzﬁnkmthcdwgnandmmufmﬁn&
mhmﬂwmﬂwwmesbopminedpeoplewho
Rﬁﬂ-ﬂ&dﬂsdnﬁiﬁ-ﬂmmmgadudly retiring and

these people will be :thwebbmm‘mdtamﬁwmyof
m&kﬁmkm-dmsmmmmﬁsalmﬁn.
Appruaches to CAPP mazqn..rmzuz)

M-?ml-icwnw,w Process Planning
1. Variant Computer Asded Process Planning (OR) Retricval CAPP system. s
2. Generative type Computcr Aided Process H

sheet™. |
4.7 GE ) CAD
Unlike :E.RATIVE ‘CAPP SYS,TEM * In each technique, the plete design specificati for the part is converted into.
i gmu:‘l‘" the g pprosch does not require assistance from the 3 format compatible with the system. :
of the pant m; ::lw P lliusu-uxy.mhe fedenefrich) ol manufacturing data + Thetechnical knowledg ing and the logical data required for process
process plan lulomnt‘iuumwle"w s and decision logics to develop the part planning is captured in the computer which is calied as knowledge data base.
Generati S + The Generative CAPP system i ledge datab ine different
tive process planning systems do not require (or) store predefined master

operations to be performed on the part.
‘ plans. Instead, the system automatically generates a unique plan for a part. The + Generative approach

s y ) mbmmkwﬂmmhumsymwsdm
generalized system in Figure 4.5 illustrates the generative CAPP operation. proper data required to manufcture the given part from the knowledge data base

and generates a process plan in the form of “Route sheet”.
ﬂ@ plosians 4.8 COMMERCIALLY AVAILABLE CAPP SOFTWARE'S

CAPP software’s captures the | ledge and experi thit has been developed
on the shop floor, creates detailed process plans with sccurate time standards and then
i n i this infc ion to material requi planning (MRP) and Enterprise
Compues Compatitie. . Q! plenning (ERP) b
ALy . One of the commercially available retrieval CAPP system is “Multi CAPP" from

Organization for Industrial R "(Om).h'\slnonlimmpdzuymﬂmmuﬁu
the user to create new plans(or) retrieve and edit existing process plans.

“METCAPP”, developed by Institute of Advanced Manufacturing sciences in
Cincinnati, Ohio, is one of the most successful Commercial CAPP wﬁvme_'s used
for machining operations. METCAPP\mcuningnpeedsmd[eed:hmﬂ\emdm

dard machining data handbook whiehmnk:smnnecmﬁm-\dwslalcum'wm
possible. METCAPP uses solid part models to extract design features.

“GENPLAN", developed by Lockhesd. Georgia co., is an example of generative type

CAPP software.
4.9 BENEFITS OF CAPP : :
Generative CAPPS) Somoftknﬁvm&ofcmmddmsphmhgndudemfolw
generati F&;; v process . Process plans are Created rapidly and Consistently

r it - i “:mme:d O iy ?m oy ; Smdax:l :toc: plans are developed which tend to result in lower manufacturing
uddnpmceuofgencnﬁnsﬂchpmeﬂplm“ to be a part of mwﬂm, cosumdhig!wrpmdwlqulﬁl! :
To generatea | phubr‘.v:de'ﬁomlgedd‘ ":i:pl J!"' dure isused G 3. The systematic apptoachmdmcmilnbility efmnd.lrdp:mphnsmm

+ The part drawing is recel design department

data files permitmomvmklobe accomplished by theptmp\mmn\hmb:

+ Thedesign specifications which are present in the part drawing is to be converted _increasing the productivity of process planners.

4.b

S5 AT reragr e ey e 2oy e =
ER1
. F“l_manu&c:,:-,:iou'REMENT PLANNING (MRP (OR) MRP -1)
.ndsqmc,en‘ Productioe ca p’:f_aﬂy o produce the parts 1o meet the demand, the availability
PUcchaaed fs ity must be coordinated with the availability of ra i
Ak S Irom which the ead items are to be produced el
I:eepz n: Btk 24 o:::k ;C; r;:anag'c the availability of raw materials and purchased it i
s = cosus dlhc items that might be needed to produce the end items :;‘:w::o
sub ltmclb““: 3 y due 10 the excessive inventory of Components, fabdcateci pnrbam;
An alternative a
3 ach to is si i
mamifac PPl'O_ manage this situation is to pl curemen
% 4 i@tmoft::fn gnc specific components that will be requiredpt:np:::iu‘:? the ‘r:;
R sy Schedmme i Mu;g) as per the _production schedule indicated by (hem&:.ster
> - This technique is known as Material Requirement Plannin 2
Definition:

“MRP is a computer based i
of. rmv materials and other components J{Z’Z{m'::d%:d:f{?g A
MRP is a com i i h off

puter based system in which the given master production schedule is

converted into the required amo
unts of raw material ¥
o produce the end product in cach time period. 8, parts and sub — assomblies; nesded




415 INPUTS TO MRP SYSTEM
MRP must operate on the data contained in several files.
These files serves as input to MRP processors.
They are :
1. Master Production schedule (MPS).
2. Bill of Materials file (or) product structure file
3. laventory status file.

4.15.1 Master Production Schedule (MPS)
* The MPS specifics what end products are to be produced and when.
The production quantities of a2 major product line is converted into a specific
demthnasMaﬂawoducﬁoan.
. mkwmhwofmmdmecomwlypmduﬂioneapacily.
* MPS is the key input which drives the MRP.
* The geacral format of MPS for a product line is shown in fig 4.8
* MPS uses weeks or months as time periods and these time periods are called as

“Tiame buckets™, -
Week

L Yy 1313513

Product, P, | 100 | 120 | 140 | 160

Product, P, 80 | 90 | 100

Product, P, 40 60

Fig 4.3 MPS of products P 1, P 2 and P 3 for one month (4 Weeks)
4.15.2. Bill of Materials file '

: required parts but also i
t&aumdlmmwmmmmmmm.m structured to

7
g
1
:
i
:
5
{

&

-
5
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Flg. 4.9 (a) Product Structure Chart

Parts Number | Parts Name Quantity |Description (Material Type, | Cost
Dimensions, etc)

The highest level (or) Zero-Level of the B.OM represents the final assembly or er
product. The next lower level might represent the sub assemblies that are combiried
make the final assembly. The next lower level might represent the parts needed to ma
dlembassanbliesandmebonommoalcvelmigmmmmm:mwmhbfn
which the parts are made.

4.15.3. Inventory status file

The inventory status file gives complete and up-to-date information on the on-h
quantities, gross requirements, scheduled receipts and planned order releases for the

It also includes other information such as lot sizes, Lead times, safety stock level:
scrap allowances etc.

“This file contains important information such as what items should be ordere
when the orders should be released. .

The inventory status file keeps the data about the projected use and receipts o
item and determines the amount of inventory that will be available in each time b

The inventory file must be kept upto date taking into consideration the daily i
transactions such as receipts, scrapped materials, Order releases and planned ords

If the projected available inventory is not sufficient to meet the requirement in 2
the MRP program will recommend that the item be ordered. '
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5.2 GROUP TECHNOLOGY
Group technology is a

facturing phils ,‘,wﬁchcmhuﬁwmm
hsedonlhesimﬂldﬁuinduignornmfacluﬁngpmmssoasmred\memeovefaﬂ

manufecturing cost. Parts having similar characteristics in design (or) in manufacturing Implanenting M3 e " Hiesb handiing time by inplying

arc grouped into part familics. il changers 4 workswbons and asterwse ol chasgers o machies, derrky
Pmﬁmilyismewlleeﬁmofpammltmﬁmﬂnﬁmmof!mﬂﬂuiu u M*.

o e £ e | U8 can quivhly sccormmdis shanges i put deign, immduesion of e
There are two types of part familics 3 by e z ) e

the produnt uhnnr the antire bt o

han 1o be ehanged. During fexible mods,
the Mm.mll able .: n::m wmm—ul' w;». virloun design foatures, The
’ W {l MO sy stema are cupahle weonpil
New praduct dosiyns wnd munuliciim varety of parts. The lyli'l‘:l\th de;:
conpt ::;n.u I production sehedulo, but sannol recaver quiokly durlig muchine

I Flexible Munufueturiog Call (F'MO)

It entalls two or theee processing worksiutions along with a material Handling
wystarm With o limited parts storage eapaoity. The matecial hnodlog system ia linked
fo n Jownd / wLI!uulleM 1t in o slmultaneous produotion rysten, FMCy oan recaver
during il Wil Inie produetion an ther ke moee (han one

workatatlon, '

M ibite Mamuteturing Systom (VM5

11 has foue or moce pn.umn. AR mreonmoited with eaierial il ling Ky stem
el " puter wyshen, 10wl binlndes nonsprocening
work stations bt wippart production \ke pallst wadhing slations, sooniinms
A s,

Mo

o T Wil ot
e
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16 produsen i Hmived variaty of parss. T deslgn of the all the pars »
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aMeiont an (e dunign I known (n wivanos and henee It 1n wiso ceformnd wh apecial
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In Identical for all parta processed. o
B, Wandam order VMM
Tandam arder FMS (s able 1o handle large part (ami1lon and subutantial variutions in
part conf fons, New part deslgne oan be Intradueed (nto smigh system . Rundom
rder MY allows ehanges in the produstion schedul doim ocder PMN [y mom
foxible compared to docated IS but wil #low production tates dus 10 args part
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the product changes, the entire batch has to be changed. During flexible mode,
the machiog will be able to produce companents with various design features. The
processing is sequential and not simaltansous. Such systems are capable acoepiing
new product designs and manufacture variety of parts. The system can readily
&ccept changes in peoduction schedule, but cannet recaver quickly during machine

b, Flexible Manufacturing Cell (FMC)
It entsils two or three processing workstations slong with o matedial kagdiing
system with & limited parts storage capacity. The material handling sysiem i3 linked
10 a load / unload station. It is a simultancous production system, FMCs can recover
during machine breakdowns and continue production as thes: are more than one
workstation. ‘

(Shestile track)

c. Flexible Manufacturing System (FMS)

It has four or more processing stations interconnected with material handling system
and controlled by a distributed computer system. It also includes non-processing
work stations that support production like pallet washing stations, co-ordinate

measuring machinés.
T
Flexible
| manufacturing
g : system
s Flexible
u fecturi
cell
Single
machine

. Investment production rate.

cell >
1 20r3 4ormore  Number of
machines
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5.1 AUTOMATED STORAGE AND RETRIEVAL SYSTEMS (AS/RS)

The function of a material storage system is to store materials-for & period of time
and to Permit access to those materials when required. Different categories of materials
equire different storage methods and controls. Many production plants use manual
methods for storing and retrieving items. Automated methods are available to improve
the efficiency of the storage function. Many conventional storage systems are available
mcl-) as rack systems, shelves, and bins, bulk storage and draw storage. These storage
qupytmt requires a human worker to access the items in storage. The storage system
itself is static. Mechanized and automated storage systems are used 1o reduce or ¢liminate
the amount of human intervention required to operate the system.

“An automated storage and retrieval system (AS/RS) can be defined as a storage
system that performs storage and retrieval operations with speed and accuracy under a

defined degree of automation.”
5.11.1 Advantages of AS/RS

* Increases storage capacity

* Reduce factory floor space used for mﬁng

* Improves security and reduce pilferage
Reduce labor cost :
* Increase labor productivity in storage function

* Improve safety in the storage function ’

* Improved control over inventories
5.11.2 AS/RS COMPONENTS AND TERMINOLOGY

An AS/RS consists of one or more storage aisles (passages) that are-serviced by a

storage/retrieval (S/R) machine. The materials are held in storage racks of aisles. The
S/R machines are used to deliver and retrieve materials in and out of inventory. There are
one or more input/output stations in each AS/RS aisle for delivering the material into the
storage system or moving it out of the system. In AS/RS terminology, the input/output

stations are called pickup-and-deposit (P&D) stations.
5.11.3 Types of AS/RS Systems

Several important categories of AS/RS can be distinguished based on certain features
and applications. The following are the principle types:

Unit Load AS/RS ‘

The unit load AS/RS is used 1o store and retrieve the loads that are palletized or stored
in standard-sized containers. The system is computer controlled. The S/R machines are
automated and designed to handle the unit load containers by employing mechanical
dmmmulwm

A whotn
Srornge racks / “7 e
L

\.\.\
N

2% i
i)

Racx

Stacker (SR} = Clearance for PID area \/

Width of AS/RS

b .

Figure 5.4. Structure of AS/RS systems.



Mini Load AS/RS

This system is designed 1o handle small loads such as individual parts, tools and
supplies that are contained in bins or drawers in the storage system. Such a system is
applicable where the availability of space is limited and volume is low, A mini load AS/
RS is generally smaller than a unit load AS/RS.

Deep-lane AS/RS
This is a high-density unit load sto

system that is appropriate for storing large

quantities of stock. The items are stored in multi deep storage with up to 10 items in 2

single rack, one load behind the next.
Man-on-board AS/RS

.lnlhissystem.hunnnopuatorridzsonmecmhgeofﬂnykmdmumpickup
individual items from a bin or drawer. The system permits individual items to be picked
divdlyad\drsmgebcummopemmmmeimndpheeminu
module. It is then carried by the S/R machine to the end of the aisle or to a conveyor to

reach its destination.
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7.9 ADVANTAGES OF CNC MACHINES (DEC 2012, DEC 2010)
Some of the advantages of CNC machine tools are briefly discussed below.
(1)Setup time reduction
hmqym&emﬁquiCNCmchﬁnmbemduwd. It is important
nomhzedﬂisempistmnlopenﬁon.muﬂydcpcndcmonﬂwpeffom
ofCNC-opumr. the type of fixturing and general practices of the machine shop.
The design of CNC machines consists of modular fixturing, standard tooling, fixed ~
locators, automatic tool changers, pallets and other advanced features which makes
the setup time more efficient than a comparable sctup of a conventional machine.
(2)Reduced lead time : _
The time required to manufacture a component on the CNC machine is very less
compared to other conventional machines.

(3)Accuracy and repeatability -
The high degree of accuracy and repeatability of modem CNC machines has been
the single major benefit to many users. This particular factors allows high quality of

parts to be produced consistently time after time.
(4)Longer tool life : G
Tools can be used at optimum speeds and feeds because these functions are
controlled by the part program. Programmed speeds and feeds can be overridden by
the operator if difficulty in manufacturing is encountered.

(5)Elimination of special jigs and fixtures : ;
Smdu'dlouﬁngﬁxmmmoﬂmnolusedopCNCmachinea.mdcostofspechl
Jigs and fixtures is frequently eliminated. The capital cost of jig storage facilities is
also reduced.

(6)Flexibility in changes of component design : :
The modification (or) changes in component design can be readily accommodated

by reprogramming and altering the concerned instructions.

7.10 DISADVANTAGES OF CNC MACHINES (DEC 2012, DEC 2010)

As with every system, the CNC system too have certain disadvantages which are given
below. : 3 :

1. Higher investment cost.

2. Higher maix{tenanc'e cost. 4

3. Requires highly skilled CNC personnel.

4. Tools on CNC machines do not cut metal faster than conventional machines.
5. CNC machines does not eliminate the need for expensive tools.

However, the advantages of CNC systems outweigh the disadvantages considerably -
and the CNC machines have been widely accepted by the industry.
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8.5 ROBOT JOINTS
The members of a Robotic manipulator are called as Links. The Links are connected

together by joints. The relative motion between the links are mainly due to joints,
Depending on the relative motion between the two adj accent Links, Joints are classified

into four types :
1. Prismatic joints 2, Rotational joints

3. Twist joints 4. Revolute joints

L Prisn-u'cjohh:lf(herelaﬁvemotionbctweenmlimcsofajointislineer then that
plrﬁadntypeofjoinlisaﬂeduhimmicjoip!.Hmrwolinksmjoinedsuch(hnnhcy
mdﬂe%mmﬁoﬁm%mﬁo%&pﬁmﬁc}oinn

(@) Linear joints

(b) Orthogonal joints.

Lincar type prismatic joints are denoted by ‘L.

Orthogonal type prismatic joints are denoted by *0O".

A schematic representation of linear and orthogonal type prismatic joints is show in in

the figure 8.3. .
. Joint i\lotion
e Input Link

e o

Output Link
Linear typePrismatic jolnt Orthogonal type prismatic joint
Flg. 8.3 Prismatic joints.
2 wwl:ﬂlhmmﬁmwwmlwolhhofajojgﬁsmm then the
Jjoint is called as a Rotational joint. ) by
Rotational joints are denoted by “ R”,
Joint Motion # ,
Input Link utpu!Lilk
ol s L _ Symbolic representation
Fig. &lMlWMMMuﬂbMWuﬁdo&

3. Twist joint : If the two links are in a straight line and if there is a twisting motion
, between the two links, then the joint is called as Twist joint. .
Twist joints are indicated by Letter * T
Output Link ; :
' <>

Input Link

Joint Motion
Symbolic representation

Fig 8.5 shows a Twist joint along with its symbolic representation
4. Revolute joint : If the two links are perpendicular to each other and if one link revolves

around another link, then the joint is called as “Revolute joint™.
Revolute joints are indicated by “V”.

Input Link

i Output Link
Symbolic Representation

Revolute joint
Fig. 8.6 shows a Revolute joint along with its symbolic representation
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8.7 ROBOT CONFIGURATION (DEC 2012, JUNE 2012)

mmmummwwﬂmm
mmamwmmmmduhm

1. Polar Configuration.
2. Cylindrical Configuration.
3. Cartesian co-ordinate configuration.
4. Jointed arm Configuration.
8.71. Poh_r Configuration (T-R-L Configuration):

~ Fig 8.7 Polar co-ordinate configuration
. Pohwnﬁmmﬁmmadmpkmhlmbedndumdm.

horizontal joint, :
+ This robot consists of one Linear prismatic joint (L), a Rotational joint (R) and a
MﬁjommwmhalyaﬂeduT—R-Lmﬁm

i i its arm in a spherical
+ These joints provide the robot with the capacity to move inas
’ mzmu:-?mhmumemaudnmmmm,
. mworkspcewid\inwhichthcpolnmﬁgwuwnmbolmmmm be
spherical in shape. )
+  Most of the commercially available robots possess polar configuration
‘s Example: UNIMATE 2000 Series, MAKER 110.
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Ad‘_ﬁﬁve manufacturing has been deerned as one of the most promising technology
ittracting many industrial applications. Additive manufacturing has a very high potential
for directly shaping of complex parts from 3D computer-aided design (CAD) database
or 3D scanning system database. Additive manufacturing make a part by depositing the
materials layer by layer instead of removing unwanted as in conventional manufacturing.
Today additive manufacturing processes have been developed for producing all kinds of
parts with different materials | w
Definition: As per International committee F42 for Additive Manufacturing Technologies,
ASTM, “Additive Manufacturing (AM) refers to a process by which digital 3D design
data is used to build up a component in layers by depositing material.. . :

Advantages

1. One key benefit of using AM is the ability to easily fabricate complex shapes.
2. Additive manufacturing also offers the freedom to design partsand innovate.

3. Another important benefit is the ability to fabricate parts without expensive tooling
or long lead times. - :

4. Cost savings are associated with less production labour, material waste and energy

consumption, as well as increased on-demand manufacturing.

5. Because only the material that is needed is used, there is very !ittlg (if any) material

wasted.

6. Arelatively small amount of electricity is required to producé parts especially when

9
1

. compared to more traditional manufacturing thus supporting green manufacturing.
This technology is particularly advantageous in low-to-moderate volume markets
Elimination of production steps: Even complexobjects will be manufactured in

one process step :
AM enables weight reduction viatopological optimization

0. Potential elimination of tooling: Direct production possible without costly and
time-consuming tooling ,

Disadvantages

1. §Iow build rates: Many printers lay down material at a speed of one to five cubic
inches per hour

2. Extensive knowledge of material design and the additive manufacturing machine
itself is required to make quality parts.

3. Thesurface finish and dimensional accuracy is low compared to other manufacturing
methods.

" 4. Discontinuous production process: Parts can only be printed one at a time.

. Limited component size/small build volume
6. Poor mechanical properties: Layering and multiple interfaces can cause defects in
the product.

w
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9.6.1. Photo polymerization

Photo polymerization process is also called as Stereolithography (SLA) process whi
. - . u
is widely mognmd'u.lbeﬁrstmprimingmmdwu?u(t eon)mucal:::.c?l
mmwm@mﬂoMMWMw&mwmuvumuﬁm
cumu?fomuohdpm.Apho(opolymumhalighucﬁeruinMehmgai!s
properties when exposed 1o light.

Photo polymerization uses liquid photopolymer resin, out of which i

: the model is

oomucwd'lqyetbyhyuAnulmwolﬂ(UV)thisusedmmorhudendnmsin
w}wwnqyued.whihnpmfommvu\heobjectbcingmdedownmrduhumh
new layer is cured.As the process uses liquid to form objects, there is no structural support

:l:m the material during the build phase. In this case, support structures will often need (0 Disadvantages
added. During the process, UV light is directed across the surface of the resin with the 1. Relatively expensive
use of molor controlled mirrors. When the resin comes in contact with the light, itcures | 2. Post processing requires more time

or hardens. Figure 9.7 clearly d photo poly process. | 3. Requires support structures

4,  Post curing of pants is required.
9.6.2 Material jetting process

Material jetting creates objects similar to a two dimensional ink jet printer. Material
jetting machines utilize inkjet print heads to lisp melted photopol over a
specific area. Material is deposited from a nozzie which moves horizontally (X-Y axis)
msﬁmplnfwm.'ﬂleprinlhud\hmum(solidiﬁu)&ephowpnlymumauv
lighLAﬁl:nhyuhubemdnpuimdmdwmd|h:buildplnformdmpsdm~nbyune
llyuthicknugmdthepmmkrepuwdlnhﬁ\dupnlbpm.

Diﬂmmdﬂsanhmdinlh:mndhmwmbewm
the build stage. Material isjeudm\thmfwmhﬂwfumordmp\mmid\mw
onmemrfwe\ningdzﬂoctiohplna.m:ym-l!ownhigh\evdutdwplﬂoomnlmd
mhmh;mwlmmﬁnmmdmmydedwkhmm;ﬁmm

Pclymmdw;xesmeomnwrﬂymdnmnh\s.dmuthﬁrviswmmnmd
ability to form drops. The process is demonstrated in figure 9.8

" = Process Steps
P  Fig 9.7. Photo Polymerization Process 1. The print head is positioned above build platf
: " 1 frol gt the e.
1. The resinis held ina vat (a large ines) witha ble platf 2. Droplets of material are deposited m the print head on the surface.

2. UV light (or) laser bean s irected soross the surfoce of the resif. The light source 3. Droplets of material soldify and make up the st eyer. :
can be moved in x and y axis according to the 3D data supplied to the machine. 4. On further material deposition, layers are b‘“““‘f‘"‘ ""P‘?f'h' previous layers.
3, Uponinteraction ofthe ight beam with the resin, the esin hardens precisely where 5. Layers are llowed to cool and are cured by passing UV light .
g 6. Post processing involves removal of support material can be removed using

4. Once the layer is completed, the platform lowers down in z - axis, by a distance sodium hydroxide solution or water jet.
equllwhyerﬂ\ickxundhmbuqmlhyuinnwdmbythehm ; Advantages: ) ;
5 mpmmoonﬁmmﬂhmﬁuobjeakcomplm 1. u'wwmzeofmm‘l.
6. The build platform is raised and the object is removed for subsequent post 2. High acouracy of deposition of droplets
processing. . 3. The process allows multiple materials and colofs under one process
mpmhgmmﬂy-wpkdubeinamofdu most accurate 3D printing process Disadvantages:
with excellent surface finish. 1. Support material is often required ;
Advantages 2. A high accuracy can be achieved but materials are limited to polymers, plastics
|. High level ofaccuracy and good finish and waxes. : ) ' .
2. Relatively quick process 3. Pants produced have poor h | prop and are typically very brittle
; 4. Material jetting is one of the most expensi hods of 3D printing relative i 1

¢ nm bild areas and large model weights can be accommodated.

other technologies. This is due to the high cost of the material
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9.4.1. Slicing of 3D models

One of the key challenges in additive manufacturing processes is to slice 3D CAD
models. Many l:yﬁwtn:nl‘rc available for slicing the 3D CAD models, During slicing,
software algorithms converts digital 3D models into printing instructions for AM system
to create an object. During the process of slicing, 3D model is cut into bonz_onlal laye.‘r;
based on the thickness of each layer and calculates how much material s required to bui
the product and the time to build the product. All of this information is then bundled up
into & O-Code file. Slicer parameters such as layer height, shell thickness, fill density,
print speed do impact the quality of the product. -

thick layers
print fast

thin layers
high resolution

Fio 9.4. Slicing of 3D model

10 .b

T Ottt 4

9.6.6 Sheet lamination

Sheet lamination is a process in which solid physical model is made by stacking layers
of sheet. The sheet is supplied from the spool as shown in Figure 9.12. The AM machine
consists of sheets supplied from material spool, & build platform and cutting mechanism.
The sheets are bonded cither by an adhesives or by welding in case of metals.Based on -
the type of build material, sheet lamination process has two variants, Laminated Object
Manufacturing (LOM) and Ultrasonic Additive Manufacturing (UAM) i

Laminated object manufacturing (LOM) is the first additive manufacturing technique

and uses paper as material and adhesive, Laminated objects are often used for aesthetic
and visual models and are not suitable for structural use. The process is inexpensive, as
well as a relatively simple when compared to UAM. The material is cross hatched by the
cutting mechanism for easy extraction of part from the surrounding sheets.

The Ultrasonic Additive Manufacturing (UAM) process uses sheets of metal, which are
bound together using ultrasonic welding instead of an adhesive. Build materials employed
in UAM includes Aluminum, Copper, Stainless steel and Titanium, The process can bond
different materials and requires relatively little energy, as the metal is not melted. The
process does require additional CNC machining of the unbound metal. Unlike LOM,
the metal cannot be easily removed by hand and unwanted material must be removed by
machining. LOM process employs two different types of procedures (a) bond-then-form,

(b) form-then-bond. In the former, the laminajes are bonded together and then cut and

.in.the later the stacked laminates are cut and then bonded togethet.The process of sheet
lamination using LOM is shown in Figure 9.12



h.-”
1. During the process, the sheet along with adhesive is positioned in place on the build

2~rhm&mm&mmmmumwm;ﬁmmd

product.
3. ::T;brmﬁmollbeqaool,mndllyetofmillisposidomdonthempol'
i“lemterin!isboudedhpine.ovulhcpmﬁmshyu,minglheadbesivemd
5. The required shape is then cut from the layer, by laser.
6. The next layer is added and the process until the required thick is
obtained.
7. The build is removed and post processing is carried out to extractthe part from the
surrounding sheet material.

1. The process is faster and economical.
2. Strength of the arts depends on the type of b ding b the sheet
3. mmmdoumhdmnsidmlmmimheﬁniﬂmdpmdm

Disadvantages:

L Fmﬂammdwmdhmpapaorphﬂicmmidb\nmquﬁnpm
processing to achieve desired effect

2. Limited material use .

3. Bondin;ofdmdlminnuremﬁmfmhamth

g e
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9.6.7 Directed energy deposition (DED)

Directed energy deposition (DED) processes enable the creation of parts by melfing
mnmi'al as it is being deposited. Although this basic approach can work for polymers.
ceram ics, and rn.znl matrix composites, it is predominantly used for metal powders. Thus,
this mdmolog.y isoften n_'efefted 1035 “metal deposition™ technology. The process is widely
used for repair and maintain structural parts rather than fabrication of the components.
The DF.D process depos' itsmolten metal powders ot thin metal wires on the components.
The énergy is focused into a narrow region of the components (a beam) 1o heat the metal
that is being deposited, Laser or electron beam or plasma arc is used as energy source.

Many variants of DED process are available based on the type of energy used, type
of filler material; type of motion. The variants include Laser Engincered Net Shaping
(LENS), Directed Light Fabrication (DLF). Direct Metal Deposition (DMD), 3D laser
cladding, Laser based metal deposition (LBMD) and Laser free forming (LFF).

DED equip of a dep head which is an integration of energy
source, powder nozzle or wire feeding mechanism, inert gas tubing and in some cases,
sensors. The deposition is controlled by the relative b the depositi
head and the build platform. 3- 4- or 5- axis systems are used to control the movement,
“The working principle of DED process is shown in figure 9.13. DED process is widely
used for repairing and maintaining irl parts. During the process the energy source
(Laser or Electron beam) generates a small metal pool on which the powder is injected.
Thepowduiamelwdasitimmepool and solidifies as the beam moves away. In
certain situations the powder is melted before deposition. Rapid cooling takes place due
to small molten pool (typically 0.25 - mm in diameter and 0.1 to 0.5 mm in depth) and
large thermal gradieots from the dings. After each layer is formed the deposition
head moves away from the platform or the component by one layer thickness.

Process Steps

1 Deposilienhudismoumedondmlorhxismmomamundﬂu fixed object.

2. Material is deposited from the nozle onto existing surfaces of the object.

3. Material is either provided in wire op powder form,

4. Material is melted using  laser, electron beam or plasma arc upon deposjtion.

5. Further material is added layer by layer as it solidifies, repairing or creating new

material features on the existing object. >
Advantages

1. The process is capable of producing denser parts.

2. The process ellows directi jonal solidification which enhances microstructural

features of the componeats. :

3, DED process is utilized effectively for repairing and refurbishing componeats liks

turbine blades, crank shaft, bearings.




