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Essentials of CAD/CAM
CO-1 Identify various elements of CAD/CAM

1.1 PRODUCT LIFE CYCLE MANAGEMENT - “In industry, Product life cycle management is the
process of managing the entire lifecycle of a product from its inception through the
engineering, design and manufacture as well as the service and disposal of manufactured.”
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Fig.1.1 — Product Life cycle Management of a car
In product life cycle management you will get CAD, CAE and CAM. CAD, CAE and CAM all
are related to each other, let’s understand them through product life cycle management.
Software’s for PLM — Team Centre.
1.1.1 Computer Aided designing/drafting/drawing (CAD) — CAD Software is frequently used to
create 2-D drawings or 3-D models of real world products with the help of computer.
CAD software’s are —
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Fig. 1.2 CAD Software’s
1.1.2 Computer Aided Engineering (CAE) — CAE is the broad usage of computer software to aid
in engineering analysis tasks. It includes —
e Finite element analysis (FEA)

e Static Analysis — Analysis of Beam
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Dynamic Analysis — Analysis of Suspension System

e Thermal Analysis — Heat transfer Analysis, Fluid flow Analysis, Thermal Analysis,
Computational Fluid dynamics (CFD)

e Fatigue Analysis

e Crash Test Analysis

e Drop Test Analysis

Software’s for CAE —

e Ansys — All-rounder, They can perform so many analysis

e Hyperworks — All-rounder, They can perform so many analysis

e Abaqus — Used for Non-Linear Analysis

e LS-Dyna — Used for Dynamic Analysis

e COMSOL-

1.1.3 CAM - CAM is the use of software and computer-controlled machinery to automate a
manufacturing process. CAM T& fafaafor ufssar & Taarferd A & fog Siteaar iR duger Hafd
TS T TN B |
CAM Software’s — Fusion 360, Solid Edge, HSMWorks, SolidCAM, CAMWorks, NXCAM,
MasterCAM, POWERMILL, SOLIDWORKS CAM and hyperMILL etc.

1.2 COMPUTER AIDED DRAWING, DRAFTING OR DESIGNING - CAD is the use of computers to
aid in the creation, modification, analysis, or optimization of a design. CAD Software is
frequently used to create 2-D drawings or 3-D models of real world products. It replaces the
traditional pen and paper methods of drawing and drafting.

CAD fot f&wmga 3 fAmfor, e, fawer o ot 3G e o TeTadl & filt e &1 IUANT § | CAD TTHedTR
BT IUANT SR IRATID g & IJaTel & 2-D o 1 3-D ASd -1 & o fowan Sram 81 78 ST iR
TREYU] 1 URUR D Bed 3R SIS U ldl BT &I AT 8|

1.2.1 Concept of CAD software —

1.2.2 Need of CAD software —

1.2.3 CAD Software -

1. Types of CAD Software’s — AutoCAD, ProE, CATIA, NX, SolidWorks, Fusion 360, FreeCAD
and Solid Edge etc.
2. Features of CAD Software’s — 5 Keys features of CAD Software’s are —

i). 3D Presentations — Through CAD Software’s, you can present your design in 3D. This
lets you visualize your layouts in a more detailed and comprehensive view. This gives
you a clearer idea of how your design will look like in reality.

CAD Software & ATEIH I 3T 3T fESHZH o1 30 T URdd B Thdl ¢ | ST T 3T AATIT Bl
31 IR SR AU = | <@ Wehdl © | 3T SHTUD! WY ST 81 S S ofueh1 fSwrg
IRAfdddr o Har fga|

ii). Smart or Automated tools - It simplifies the creation process by automating certain

tasks. This may include shape or dimension manipulation, design configurations,
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alignments, accuracy and precision checks and more. These tools make design easier,
faster and more reliable.

T B BT B! WAICId RS (AAT01 UfehaT o) TRl ST 8 | ST SHTHR T ST 3R, FEere
HIBTRIH, TG, T IhdT 3R TR ST 3R 9gd $S A 81 Tl 5 | T U {Srg
BT ST, A9 3R 3ifRrep g s g

Preset models — It also offers some preset models for your layouts and designs. This
serves as your templet or reference for your project. In this way, you can quickly
create blueprints and models without needing to start from scratch.

Tg 3T A3MIT 3R FEo & for $3 tikie Hiee i Uem &ra1 8 | I8 31U Uiolde & foTg oiuds
e a1 ey & 0 H &1 Sl 81 59 a7, 31U [Sepd YT I Y33Td fhu fom siect) 3 sfife
3R HTed ST & ¢ |

Some premade models like — certain parts like - bolts, nuts or essential layout

features like — doors, shelves. You can easily insert these premade parts into your
designs.

FS QEMHT Alsd O - $3 B S - dice, AT A1 aWhH A3M3T JAUTE O - gare,
SfeHTfear| 3mg 37 gdfAftfa U @ st & srom fewg = # afiifed o Iwd |

. Collaboration tolls — Sharing or transferring files from one device to another. CAD lets

you export your file into a JPEG or other similar format to make it even more
accessible to other people. You can store files in the cloud so that your files remain
accessible to multiple people all the time. Person seating far away can view, comment
and review on your designs through internet.

BI3dl B U (SaTsy U O fSarsd R Aisi &H=A1 A1 RIHIART HATI CAD TG 30U IS Bl
JPEG TT 30 THM TR H frafd = <t 8 afds 9 37 @il & forg oiR ot 3iferes gay sHmam
TP | 31T B! B FA3S B YIS B ool § T ATAD! WISal 8% T B @il & forg ugd
g I3 | GR 9T A $eIc & ATegH F 31U fS18 B @ Favdl o, fewyolt o Aahan © iR
e B THAT S |

. Simulation tools — You can simulate the different conditions, situations in your layouts

through CAD Software’s. This allows you to test your designs before you can start
building them to make sure everything is in working order. Likewise, it reduces
chances of encountering issues and setbacks with your layouts in the long run. With
your 3-D rendering feature, you may even integrate your design with a virtual reality
device/software. This enhances immersion with your layouts and makes the
presentation even more entertaining and detailed.

319 CAD TTHCITR & 1T F 30 dei3e | fafia fRufer, ufkfRufrat &1 srgeu ax Iad ¢ | 98
e A0 T B3 Uga 30 FETEHl &1 uRieiur o= 1 SgAfY 3T @ a1f a8 R &)
T fh Ia o FRHAN R | S ORE, Tg dd AT H 3MTTh AATIT & A1y FHRAST 3R SRImardnai
BT AT B B GUTGT BT HH PR odl 5| ST 3-31 ISR Gfaen & WY, M7 30 FSo o
Fara faferdt fearga/argediR & W1y ot Thigd R Uahd ¢ | T8 SHTTD ASMTIT B AT fawol &
TTAT & 3R TR 1 3R ot 31fiie H-iRorep 3R favgd s g1
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1.2.4 Advantages/Strengths of CAD Software’s —

© X N U AR WN

Improves accuracy —

Decreases error —

Saves time —

Better quality —

Easy editing and modification — Copy, mirror, Array, fillet, chamfer,
Easy sharing -

Decreases design effort —

Improves productivity —

Ease of understanding and visualization —

10. Benefits of Automation —

11. Easy Measurement and 3-D View -

1.2.5 Limitations of CAD Software’s —

N o u ks wN

Work can be lost because of sudden breakdown of computers
Work is prone to viruses

Work can be “Hacked”

Skilled manpower required.

High computer system cost and software cost.

Time and cost of training the staff which will work on it.

Need of regular updating of software or operating system

1.2.6 CAD PROCESS AND FUNCTIONAL AREAS OF CAD -

1.

Geometric Modeling —

i). Geometric modeling is a technique to represent the image of product or object on
computer screen. It uses various mathematic equations to form a model. The models

of the design can be used for variety of purposes.

ii). CAD system has important characteristics of solid modeling and its fast editing

process.

iii). Figure shows the solid model, surface model and wire-frame modal.
i). ST ASfel HHeR ThiH IR IUTG IT 9% ! Bfd UK A &I U db-id ¢ | I8 Th Arsd
FIM & fore faftr wftrdia aiteor o1 SuahT exar g | fEuis— & Afsd o1 SuanT fafts Iewal & form

CRISIRETIE]

ii). CAD JUTTeht & 31 ATSfeiT SR ST} o Wure ufshan & Hgayu fasivar |

iii). fo 319 Aisd, Iag Alsd 3R dR-pH Aisd fe@rdr g1

Engineering Analysis —

i). Engineering analysis is performed on the object after modeling. We can know the

following properties by analysis. RIS & qTE 3ffeside TR ST e fasar S §1

fawerur gRT 5 Fufead T &1 o wwd §
a) Mass of the object
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b) Surface area
c¢) Volume
d) Centre of Gravity
e) Moment of inertia
f) Weight

ii). Figure shows the solid model of an object with different physical properties. o= faf¥a
e 77t arelt fop it o 1 319 Al femran B |

iii). Recent CAD packages have more facilities to perform different templates of the object
on screen to perform the test. 81d & CAD Tdboll H URI01 B3 & fol WhiF W 3ifsoiae &
faftr Trere welRfd &A@ oifie gfaum § |

3. Design Review and Evaluation — Design review and evaluation are performed to check

the accuracy level of designing. For example, mating parts are checked to know the types
of fit between them, which may be clearance fit or interference fit. fSSgHT &1 TiHmar &
TR B! S & fore fere ot aeiten 3R Yeuids- far SdT 81 IaTex01 & forg, 3% o fthe & UaR
P S P I mating parts 1 S D1 STl &, ST IR Y fihe a1 ety fihe g1 gdhar g

4. Automated Drafting — Drafting is the final stage of design process. We can prepare the

manufacturing drawings or multi views of a model for prints. CAD database is used to
prepare the hard copy by printer or plotter for various applications. SGcT fSgiTs= Ufshan
&1 3ifo =xo1 81 g9 fife & fo foreht miea & fafmior ot a1 Iedt of R &R Wahd €1 cAD ST &1
TR fafiyar srgyrit o forg ffeR o wifex gRT 818 HId IR FA & o fFan s 81

1.3 CAD WORKSTATION — CAD Workstation is a computer built with the speed and reliability to
run software for CAD. A workstation is a special computer designed for technical or scientific
applications. CAD gh&ex TSl & forT TiucddR Io= i Tid 3R IYTHad & Iy 511 77 U
HYR g1 THRYH U AT ez 8 o a1t a1 3 Suan & forg fewme fear man g
A CAD Workstation (desktop/laptop) performs complex mathematical calculations and
graphic-intensive computing tasks, the workstations provide higher performance than
standard or mainstream personal computers. T CAD TH&RTM (SWheld/Aueiy) Sfed T
TUHT 3R Wb e-TTg HfT ST Hrdl §, T3 - I TRIURT & G HELR] &1 go1 & 3=
TGRH Ua PR 5|
Some of the features that set CAD workstations apart from mainstream personal
computers are: He AT S CAD THER LA DI TAYRT & T SR I 3T HR! 6
e Support for a large number of memory sockets that use registered (buffered) memory
modules. Typically, CAD workstations use ECC (Error-correcting code) memory, because
data corruption cannot be tolerated

e Support for multiple processor sockets and powerful CPUs. A typical workstation will use
multiple CPUs cores running at high clock rates, will have a large amount of cache and will
use multi-threading.
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e Support for high performance, reliable graphics processor. Next to a high performance
CPU, the GPU (Graphics Processing Unit) is the second most important component of a
CAD workstation.

e Operation under a reliable operating system with advanced features that include

networking, reliability and security.
o IS T T AURY Fithe 3 fw guda S Ui d (@) HHR HiSYd BT SUANT &Rd 81 STHIR W,
CAD F&HReRM ECC (Zl?-ﬁ?ﬂ? HIS) TR BT IUTN FHRd &, TP data corruption ! JCI=d g faar
IR EIN
o THIUPG YRR Tidhe 3R Mfaa=mett CPU & forg 0| ueh faliy gy 3= &l o3l IR e ardt
H3 CPU R BT SUTNT BT, STH F51 AT H cache R 3R Heel-Af ST BT IuanT fpan e |
o IV, Ay Mitha TR & fore w1 3= we=f cpu & d1g, Sidig (nftha TR gfae)
CAD TR T HT GIRT Y4 Hed Ul Ueaw g |
o 3FA gRausft & W1y T faygi SR Ren & dgd Tarer s Seafd, st ok qRen
WA RI
1.3.1 Types —
1.3.2 Functions —

1.3.3 Configurations -

1.4 COMPUTER AIDED MANUFACTURING/MODELING/MACHINING (CAM) — CAM is the use of
computer to control machine tools in the manufacturing of work pieces.
Or CAM is use of a computer system to assist in all operations of manufacturing plant,
including planning, management, transportation and storage.
Or CAM is the use of software and computer-controlled machinery to automate a
manufacturing process.
You need three components for a CAM system to function:
Software: That tells a machine how to make a product by generating toolpaths
Machinery: That can turn raw material into finished product.
Post Processing: Converts toolpaths into a language machines can understand.
These 3 components are glued together with tons of human labor and skill.

cAM T U & fafor & mefiF e & Fafd s & e dueger 1 3uaim g |
1 CAM TIo1, TeeH, aRae 3iR HeRur dfgd fafafor v & 9t sl & Teradr & o ueh e
JUTTe T STANT § |
1 CAM TS fafafor uferan &1 wanferd @3- & forg AitedeR 3R uger Hafa w=iR &1 3w ]|
CAM TUTTER & 1 & o foTT Siues! ot el & SHTa=adhdl gl &
e dTR: Ug AR &I TAUTY I HRb IdTG S BT ARIDT IdTdl &
TR O Hd AT &1 IR 3ITG § gad 9l 5|
URe TRRIT: gauTy &1 Ut Hren & ufkafda &rdr g o 7 s aed |
7 Ich SR IR AT 9 3R S VU W1 IS gL & |
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1.5 NUMERICAL CONTROL — NC Machine is the machine that is controlled by set of step by step
instructions (commands) in the form of numbers, letters, alphabets and symbols called a
program (Part program). Positions of tool, spindle on/off, cutting speed rate, feed rate,
coolant on/off etc. controlled automatically according to the program.

GRS a1 - NC 7=iH a8 7= § for Semat, s1eri, qutare $iR Ucfie! & & § aRur-g-aror =i
(BHTS) P e gRT afd far Sar & 5 g (urd i) weT ST 8 1 SushRu & fRUfS, fRisd arqy/se,
HIeA B T R, BIS X, MAad A1q/ag G HRIHH & SHIHR Walferd 9 4 FRFT g 8|

1.5.1 Main components (or features) of NC Machine —

Components of NC

! ! !

Part Program Machine Control Unit Machine Tool
—> Manuscript data —> Tape Reader > Operative Units
—> Buffer storage
!\ICTape ar'ld other —>  Cutting tools
input media —> Feeding Channels
> Computer —> Gauging Device —>  Work Fixtures
—> Feedback Transducer
Operator’s
—> Sequence Controls Control Panel
—— Control Panel —> )
Machine tool
> Control Panel

Fig. 1.3 Components of NC Machine
1. Part program — Step by step set of instructions or commands in the form of numbers,
letters, alphabets and symbols are called part program is fed to the Machine control unit
(MCU). These information’s are listed in logical sequence so that the MCU can read and
direct the cutting tool and workpiece of the machine tool to perform some operation.
This part program information is supplied to the controller unit of the machine in
three ways —

U1 W - e, 3iery, qufarer iR Uil & =u & A3 a1 S & =RUI-aR-TRUN Y &I ure
UIITH Sl Sl & fo 7=i =01 18 (Mcu) B WIS fovan ST 8| 39 Yamslt &l difdds srshd o
Tdia forar T g a1 MCU T SHTIRRM &+ & o 7= ¢ & ST ¢d 3R ahUlN &1 Ug 3R

R HRTF |
T YT TR &1 STHGR] A=A &1 A6 ShTs &I b il I SMTYfd & ST & -
i). By manuscript data information and MDI - Part programmer’s record all

information’s required for machining on a ready-made form called manuscript by
using numerical language. This manuscript should contain all the necessary
information’s regarding operative units movement, cutting speed, feed, types of
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cutting tool, fixtures, sequence of operations and special instructions for the
operators. This information is fed to the controller unit (MCU) by the operator using
control panel of the machine tool.

Tigfet 3eT IFaRT 3R THSISE §RT - Ure TR TR & o sraxae vt gamnstt &
TRITAS TN BT ITIANT Ixh Uigiay A1He U daR Bid IR RIS Hral g1 39 urgfay &
SHTIRfeT SH1Zl B T1fd, BTe B Tfd, WIS, HIed b IUDIU & YHR, {lhaeR, Harad & 3IhH
3R SHReRt & forg faxiy fc=n & Hey & Wit sraxgs THeR! M gt a1gT | I8 AFBRT
A oot & 0T e BT ST b TR gRT A 318 (THEY) Bl A St 81

. By NC Tape and other input medium — Part programming is recorded into punch card,

punch tape, magnetic tape or a floppy disk.

NC 2T 3R 3= 37YC HIeaH RI - UTI¢ NI &) Ud w18, Ug o, Aifes ou a1 ardt fewes o

fre frarsmar g1

a) Punched cards — These cards are available with 45 or 80 columns and with 12
rows. Hence very large number of cards are required for long programs. These
cards generally bend during decoding in card readers. Due to this disadvantage
and improper handling of these cards, they are obsolete now a day.
U8 BTS - A BTS 45 T 80 HIAH AR 12 UfFTal & Y IUa § | 3UfIT oa HrdspHl & fare
I5d 99! T H B8] B STaGHdl 81l 31 T PTS 3MH IR IR TS e H fSHIET F SRH
3 O1d § | 39 TH U 3R 7 HTS! & SfId [@RWTT & HRUT, T 3Moiehdl Syaferd g |

b) Punched tape - Punched tape or perforated paper tapeis a form of data

storage that consists of a long strip of paper in which holes are punched. It
developed from and was subsequently used alongside punched cards, differing in
that the tape is continuous. It serves as input to CPU. It is in the form of punched
tape/card. It is detailed step by step set of directions which instruct the machine
tool what to do.

TS Y - Utg U 1 ffEd TR 20 821 RS &1 e ¥U § oI STl &1 U el Ug! gl §
foras &5 foru o ¥ 1 =2 faes iy foran man oIk a1 & 39 fsfea wret & Ty Iua fovar o
T, T SR TE & fob U A § 1 T8 cpu & U 37Ye & TU A B T 8 | I8 fosfaa u/ars
S A I g | T8 M o1 wRULGR-=RUI faegd Y & S weiH ca bl Few e g fp s
gl

2 caeP
PP ot
250 O ¢ &

Fig. 1.4 — 5 & 8 Holes punch paper tap
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(b) Paper tape reader on the Harwell computer
with a small piece of five-hole tape connected in
a circle - creating a physical program loop

(a) Creed model 652 5-hole paper tape reader

Fig 1.5 — Paper Tap Reader
c) Magnetic tape — Some NC Machines, use 1-inch wide magnetic tapes to store
data. This tape is similar to the tape which is used in audio system but of higher
quality. But it has not much applications because interference from nearby
electrical equipment such as transformers etc. has a tendency to erase or
scramble some information on the tape.

GIBIT T - B NC H, ST TUEIT B & 1o 1§91 1S Y 1g o bl SUANT el 81 T8
20 i) Rey o IughT o oM aTal 20 & THH § Afs 3= T[ura aTall g | Afds S7abT
3R SFITRNT g § Fiifas 319-Ur & faggd SUHRUN o TRITER 311fE & gaad § TU R
TS THSR! e 71 WR1E g1 B UgRI gt 81

d) Floppy disk — It has channels or tracks to record and store magnetic bits of

information. Long part programs can be stored conveniently on floppy disks. One
floppy disk can store as much information as 2000ft to 8000ft of punched tape.
So, it is a compact and handy device for storing the part program of NC machines.
Information of floppy disk is decoded by a reading head on the controller unit or
MCU of NC system.
wardt {3 - 390 garell & gao i ey &1 Rl a3 SR WUgld o & i a9a a1 ¢
B 8 | Tl e TR el HITT 3 XY bl faemgdes Gufed fohan it el 8 1 Teb Tl g
2000 1T ¥ 8000 Wi dF & fBfad 20 1 TSR TUed B Tl 81 Y, T8 NC 7=t &
UTE T oY WL bR & ol U piliae 3R STaNht JuHR0T 8| G} & ) SRt
HeIeR e a1 NC Ried & iy R S8 38 gRI fewdie &t St §1
iii). By external computer — Drawing is created in an external computer using CAD facility.
Then part program is prepared by computer itself by feeding some information
regarding cutting conditions, i.e. cutting speed, feed and depth of cut and type of tools
to be used, when part program is ready, this is communicated to NC System of the
machine tool by interfacing this external computer to the machine tool through
modem etc. A number of machine tools can be controlled and supplied with part
programs through this external computer and this system is known as DNC system.
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T8 SR GRT - CAD AU BT IUTNT b 1631 hgex | ST g8 Tl 7 | fOhR urd wmg &t
HCR gRT W HIe B (U, T PTe B MG, BIS IR He 31 T8RS 3R IUGNT T S arat
TA P UPR S IR H $O BRI BIS HRab JUR (31 ST €, T UIE U JaR 81 S 8, O 5
=i ga & NC Rer &1 gfd foran oiTar 81 39 9188t dugex &l AreH 3ife & Areqw § 7RiF ¢d
Y ZeY BT 5T T63 Hex P HIegH F B3 A= o Bl Fafd iR uré v & a1y Smyfef
DI o Gl § SR T UMl ST DNC Ried & &0 & ST o1 811

2. Machine control unit — It is the brain in NC system. It receives the part program through

various input media and converts this information into a language that the machine tool
can understand and operate accordingly. It controls the action of machine tool. The
instructions from tap reader are converted into electrical pulses that the machine’s
motors and controls follow to perform manufacturing tasks on a work piece.

Main elements of NC controller unit are as follows:

=i = 31 - 78 NC woTTelt § Ak 7 | e faft g7ge s & wrerm 3 urd W ured Rl
8 3R S TSR &1 Teh U 111 & uikafeld s 8 o 7=i o I el § SR SU® S8R B
TR GHA ¢ | T8 TR g ot foran ot Ffrd wvan 71 <o Ser & =i 1 fagga uea o ufkafdd fasar
ST & forgepT urer 72 & Hiex 3R iz bt adb iy wR fafmior e e & ferg e 1

NC R TS & T dd 39 TR &

i). Tape Reader — Punched tape is fed to the tape reader which is an electrochemical

device for reading and winding the tape. Tape reader changes binary coded data
received from punched tape into binary digits. This is called data decoding. For this
purpose, tape reader consists of separate decoder for addresses and numericals.
These addresses and buffer data is sent to the buffer storage.
2y $iex - fofed 2u o1 2u S & Sran I § S TU &l U iR arfE ovA & o wws faggd
S IuBR0 | 20 TS 3T 20 @ v a3 HIfSd et bl Ayt St F sead 71 39
ST fSPIET BT 1aT 2. 39 T & forg, 20 SR ua 3R Geates o o Sra- o fEahrs?
BId 81 AU 3R TR ST THR TIRel B Tl STl 5 1

ii). Buffer storage — Buffer storage stores the input data in proper logical blocks and
transfer the information to other areas of control unit at a faster rate. If there were
no buffer storage then controller would wait until the tape reader sends the next set
of information. Hence machine units which do not have buffer storage areas, should
have high speed tape readers to avoid pauses in transferring information and the
machine movements.
TP TR - THR LRl 37YC ST I IId difehes sl § Ut Bl 8 3R a1 &I gz
THTE & T & B O &R Y RIFART FRAT 31 AfE PIg IR LR A gl af e a9 a
AR HRAT Ofd I U A8 AT BT SATAT Ie ol Wol aal| Safad i A=fi+ sheal § I
HSRU & g1 §, 378 Yol RIMTARd $H= 3R =i &1 fafafa § $erac ¥ g9 & fou 3=
Tt arel ¢U R g @1

iii). Feeding channels and devices — Form buffer storage, the part programming

instructions are transmitted to the servo control units of the machine tool through
different feeding channels in the form of electrical pulses. Servo motors commands
the cutting tool and workpiece table to work upon the operation.
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BIET B9 R fEarsyd - TR WRS & w0 §, urd uenfei 8w fagya e & =u ¥ fafve
HIFST Al & HIeaH ¥ 7RI ¢ B Hal (=01 Sh1ed! BI Uivd fhT SiTd &1 9al Hicd diet ga
3R g Ug 2el Y ST TR BTH B BT AT el B

iv). Gauging devices — It measure the machine movements to determine if the servo
control units have given the correct command.
TifSi fEars™ - a5 g8 Muffa F & forg a=ii= &t nfafafirat &t Argar g fos wat fz sersar A
el Hure fean g a1 e

v). Feedback transducer — Feedback units feed the information back from the gaging
device for comparison so that the machine moves to the correct location. These
devices send back the information to the MCU so that the machine table slide position
can be compared with the required dimension of the input data. If there is any
difference, the drive motor is directed through electrical pulses to make the necessary
corrections.
BISAD TTHSTHR - BISID SHISTT GoT & 17¢ o] FEared & BRI aT0d HIs HRall § b
TR TE R WR Tl S| A IUHROT SHGRT BT MCU B aTa Hold g alfds ARiH ad Wes
U &) T 37 ST & SMTaRISH HTATH F FI ol T | TS PHlg 3R §, Al AP GUR FRA &
fore gT3a Hiex 1 fagyd ueq & mregy | FERa fpar ST 3

vi). Sequence controls — It is a synchronizing unit whose functions is to synchronize the

activities of the other elements of MCU.
IIepH R - I8 Ue R 5o 8 e & mcu & o= d@l ot Tfafafidt &
RIS AT 5|

vii).  Control Panels — No doubt, NC system is an automatic system but still human
operator is needed for loading and unloading the workpiece , switching on and off the
machines, for setting and changing cutting tools, fixtures and perform some other
functions. For efficient control of his Machine tool, the operator should be able to
control the whole NC system and this is done through control panel which contains
dials and switches with which operator runs the machine.
=T 99a - SO B18 TeE TR §, NC YUl Ueh Ta=iferd yorelt § afes fhR ot workpiece @
S HA 3R IARA, AR B 31 3R g TR, BT & JUGRUT, fhaaRr B e I 3R dga
MR TS AT BT HA & 1T AT SRR BT STaIH T Bl 8 | 3 IR gl & et o &
for, ffoRex &1 ¥ NC Riven & Fafd a3 & 9em g1 a1feu oik I8 v 09a & mread 9
o Sran & forad sraa ok e 81 § fords Iy offtRer m=fi Taran 3

3. Machine Tool — MCU instruct the machine tool to generate different relative motions

between workpiece and cutting tool so that stock is removed from raw material to

generate different shapes on it.

Main Components of Machine tools are —

i). Operative units — These are the movable units which participate either in the motions
for shaping the workpiece by accomplishing working travels movements or in
positioning motions of the w/p or cutting tool by performing approach and
withdrawal movements or co-ordinates positioning. Example of such operative units
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are table of drilling, milling, boring m/c or machining centre or carriage of a lathe
machine.

ii). Cutting tools — These machine tools are same as conventional machine tools but their
holding system may be different.

iii). Work fixtures — These fixtures are need for holding and clamping the job on the work
table of Machine tool. Design of these fixture may be according to the profile of the
job.

724 gal - MU A ¢t &) g U 3R BTt oot & ol 3rer-3ierT Jriel T e B bl e

31 8 A1feh e T § Wich b GeThR I TR SfAT-3THT BT a8 o T |

WA EF T IcH § -

i) STIRfea SHT3T - T I SHTIAT © off T Al HTADBISN AT TG Pl YRT HRP THUN BT HTHR &

D1 I B YT St § a1 e e ior 3R TR stigiem a1 Trad fRufd &1 vee ok sseg/dt ar wic ga

! fRufq Fufor 1fa & urr ot 81 Tt siforfea sl & Iarexun § fefer, fafen, it waadt o

TR Her a1 1y 9= &1 garTs & 3o |

ii). BT P IUBTU - T A IUHRUT URURS A SUSRUT b JHH § AfchT Sb! g1fcs T Jormer s

S Bl

iii). TP fPaRER - 37 fhRER B I H A AL ¢ B BT AIfered] R 1 &) UhgA 3R SThed &

o g1 81 3 fhaRer &1 FeoiTe o1 &1 MhT3d & SR 81 Ihdl g |

1.5.2 NC motion control system/NC Motion positioning system — In order to control the motion
of the Workpiece and cutting tool with respect to each other for various machining processes
the NC system requires different kinds of positioning control system which are broadly
classified into two categories —

NC "M Sgra Rised/NC 71 Tifor=ifiT Rivew - fafte o=iit ufssareli & fow te gar & ddy o
Workpiece 3R &f&ga @t 1fa &) afd w3 & forg NC Ren o) faftm R & i deta Ren
DI AMALIHT Bl & forg HIe dR IR < Ao & affeprd fpar S & -

1. Finite positioning control system -

i). Positional system (Point to point system) — In point to point motion control system,
the importance is given to position of the cutting tool at a predefined location with
respect to w/p reference. In this, the cutting tool is positioned in a location and then
perform machining operation. After machining, tool is interpolated to next point.
Example - Drilling holes, punching and straight milling.

TifvrRAa Riven (Wrde g wige fRiew) - WiRe ¢ WiRe MvF deid Ried §, 36U ded &
e o gafeiia I IR dTea & USRI & R &) Aed f3ar oirar 3 1 399 HTe are SUHRUI
I U I TR QT SI1a § 3R R =i sifor=r fovam sman 8 | 7= % a1e, Suadvur &t Tl
fig W vafd fearsmar g |

3alg Ul - Drilling holes, punching and straight milling.
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Fig. 1.6 Point to point system
ii). Paraxial system (straight line system) — In straight line motion control system, the
cutting tool moves in straight line only (parallel to the major axis). It does not move in
any curved path, so it is not possible to combine movements in more than a single
axis direction. The positioning and operations are both performed along controlled
path but at different velocities.

Example — Straight turning.
Refeaas yomelt (ieht ¥ar gorreh) - et XRar 7fa fHd=or gomeht &, e &1 SuwRr o e

X1 ¥ Tl € (W 3181 & GHHIR) | I8 fbet ot gt gy # T8 werdr 8, g9in ue § e
31ef fE=m & movements &1 TR BT THa a1 8 | FRufa Rufeor ok Terem <A1 FafPa gy =
AP SeT-31e T T fhu Sra B

JqIg Ul - Straight turning.

Desired Cutter Path

/

‘_-._-.—-——»

Fig. 1.7 Straight line system
2. Continuous path or contouring control systems — In contour path control system, the
cutting tool moves in a predefined contour path. This system fulfills the requirements of
both PTP and straight line system. The path followed by the tool is similar to machined

contour.

Tad Uy a1 g =01 yorredt - JHr gy fh=01 gl J, $ies &1 SUeRl e gamiig aH
Uy T TIadr § 1 98 TuTeR PTP 3R Tieft Y vomedt S @ raadhdral o) GRT HRal 81 SUBRUT GRIT
SR o mar vy wRfiied I & T B
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Desired Cutter Path

Fig. 1.8 Continuous path system
3. Combined path motion control system — In this system the cutting tool travels in both
straight and contour path, hence this system is known as combined path motion control
system.

Tgad gy T Frasror qorrelt - 59 Yol & dren o1 SudhRur W 3R TH Sl Ut F Trerar 8, s9firg
Y JOTTCl &) Ygad T T Fd =101 gurTelt & =0 H ST S g |

1.6 COMPUTER NUMERICAL CONTROL (CNC) — CNC Machine is used to control motions of the
work piece and tool with a computer program written in alphanumeric data. Instructions are
delivered to CNC Machine in the form of G-Code and M-code programs. The program can be
written by a person or generated by CAD or CAM software. The part's mechanical dimensions
are defined using CAD software and then translated into manufacturing directives by CAM
software. The resulting directives are transformed (by "post processor" software) into the
specific commands necessary for a particular machine to produce the component and then
are loaded into the CNC machines.

CNC Software’s — Mach, LinuxCNC, TurboCNC, Universal G-code Sender etc.

HYR ARG deld (CNC) - CNC TR BT SUTNT SethgAR® el H ford Her T & A1y g6
3R a1 T ! FEfa v & fo fsar sman 8 1 Ne A= &1 w1 6-&1g 3R M-CODETRIH & =U &
faafea feu ma § | i foft aafad gRT forar ST Tedr 8 a1 cAD 1 cAM TR AR §RT dIR o S gevar
&1 YT & TifAes SATATH} &I cAD TTFCITR BT IYART HRb URHTG farar STrar § $iR fhR cam ATtedeR gR1
fafmfor = & srgafea fvar sman 81 ufomdt A= &) (URe TR TR §R) ¥eh &1 IdTe
P P fore fHeft faxw 1= & o siaxaes fafy wHis & g fear Srar g 3R bR eNe 7=+t & are
fearSmar gl

CNC Software’s — Mach, LinuxCNC, TurboCNC, Universal G-code Sender etc.
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1.6.1 Components/Elements of CNC Machine — A CNC mechanism requires three pieces of

equipment’s as shown in figure.

1.

Input Devices

Part Programs

MCU .| Display
1 Uunit
Data Processing Control Loop
Unit Unit &
Slle
Miscell K
? iscellaneous
Motion Data , Ll e
Function = >
o =t
o] Q
= °
9]
2ll=
Driving Feedback
System System

Fig 1.9 — Working of CNC
Input Device — CAD software is used to generate the design/model. This design model is
a geometric model and CNC machine cannot use this to manufacture the product directly.
CAD design/model is imported into CAM software so that CAM can convert the design

into part program. This part program is now fed to CPU/MCU.

gYe fEamgq - fEg-/HTsd duR & & foY cAD Wit adR &1 U fosan offa § | 98 fewg- Aisd
TH AT Aied § 3R CNC TR 39T IudNT Y Idre & FHfor & e 78 &R It g1 cAD
fSTms1/mTsd B caM WiteadR & SHTd faan St § difes cam f&9ims1 &1 uré v & uftafdd ax
T | Tg U UIITH 31d CPU/MCU & TS fhaT T |

Central Processing Unit/Machine control unit — The CPU is heart of the CNC system.

e [t accepts the information stored in the memory as part program.

e This data is decoded and transformed into specific position and motion signals to
driving system.

e |t receives the feedback from feedback signal and oversees the movement of the
control axis or spindle and whenever this does not match with the programmed
values, a corrective action is taken.

Jea MR gftre/a=i| fFa=aor 3&T13 - CPU, CNC system FTTea B
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- Tg AR & GUEd TP B Urd UUTH & ©9 § WHR BT ¢ |

- 59 3T B! fEors fpar Sirar 8 iR grsfd e & fafdiy Ry oik fay Yabdl A 9ea fear S 8|

. U8 BISad FIUd I Blead U Hrdl § 3R g0 31 a1 fise &) 1 & R & § iR o
ft g TR 3T T oot @ B 781 @11 €, @ GURTHS HIRaTs Bi ol ¢ |

3. Machine Tool — The signals from the interface control the motors on the CNC machine.
The signals determine the way the vice or lead screws moves. The movement may be in
any of the three directions X, Y and Z. (Horizontally, vertically and depth) the signals are
also used to control the speed of the cutting tool and feed etc.

The basic principles that CNC uses are derived from NC technology, but here the

movements are computed and controlled by computers instead of doing it manually. The
program output from a computer can be directly fed to the CNC machine through an
interface controller.
2 g - S A Rigd eNe 73 R Hiex) & Fifa #a 8| Rra g RefRa exa & fb arg
e b T TR Tad §1 Tl i femmedt x, v oik z # @ et v A € gl 81 (&fa, dead $iR
TERTS) Hhdll BT SN PTeH a1t SUBRU 3R WIS 31fe i 71fd Bl Fafid 3 & forg +ft fpan sman g
CNC gRTIUANT fobd o arat §fare Rigid NC a1 © U 81d §, dfde gt nfafafial &) fgara
Y IR & T SR gRT 0T 3R T fovam Sran g1 e & Ui SHI8eye & $ethd
e & 1 @ WY oNe 7= 3 s fear s awar g |

4. Driving system —

e The requirement is that the driving system has to response accurately according to
the programmed instructions.

e The motor is coupled either directly or through gear box to the machine lead screw to
moves the machine slides or the spindle.

e Three types of electric motors are used: Dc servo motor, AC servo motor and stepper
motor.

grsfaT Reen -

- SIS TE § b ST e H 1 UM fow 7T FERT & SR i ufciferan &t Rt

- AR ot Wiis S a1 RIS & g & g diex &1 WY a1 R didy & d1eqd 9 6= & e ¥ 9

ST A 5

- T UHR B! Safdesd Hiel BT IUTNT fHar ST 5: SR Taf e, Tt el Aer ok R JieR |

5. Feedback devices — This system consists of transducers that act as sensors. It is also called
a measuring system. It contains position and speed transducers that continuously monitor
the position and speed of the cutting tool located at any instant. The MCU receives the
signals from these transducers and it uses the difference between the reference signals
and feedback signals to generate the control signals for correcting the position and speed

errors.
BIsad® fEarsy - ST HUmell H SOSRR 81d € off IR & w0 # &1 $3d ¢ | 59 119 yomet Hf Fa
ST 8 | 399 R SiR 7ifd eiregm et & Sl faret ot o fRyd Te aral SushRur &) fyfa sk if



Unit-01 Essentials of CAD/CAM 17

B AMAR AR R § | MCU 3 TRISeR! & Rigret U &1 8 3R I8 fRUfd ok 7fa Ffeai ) S
FRA & fore = Rga Iad e & forg T R oik wisss Riud & o9 3iaR &1 ST o=l
H

Display unit — A monitor is used to display the programs, commands and other useful
data of CNC machine. A display unit is used to see all the commands, programs and other
important data. It acts as the eye of the machine.

fe@ gfe - cNe T=iF & Uium, Bais iR 3 Uil 3e1 & vefRid & & g ue Aifex &1
JUANT o S 8 | 9t wHts, T SR 3 Heayuf ST &l A & e e f&eat gfe &1 Suah
T ST B | T8 AT Y 319 b1 aRE BTH el B
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1.6.2 Features and functions of CNC Machine —

The CNC Controller of todays have several features —

CPU (Central Processing Unit)
PLC (Programmable Logic Controller)
Machine Tool Control
Interpolation
Canned Cycles
Compensation
MDI (Manual Data Input)
Multi Program Storage
Feedback System

CNC controller
unit feature

Graphic Display

APT Programming

Background editing

Spindle Control

Point to point or continuous path positioning
Digitizing

Diagnostics and safety functions

Faster rapid traversing and tool changing rates
Polar Coordinates input

Mirror Imaging

Scaling —> DNC

Custom macros .
—> Network Capability

Subroutines

Interfacing —————> Universal

Tool monitoring

L5 Active serial

RN

Management data

Fig. 1.10 — Features of CNC
1. Central Processing Unit (CPU) — CPU is the heart and brain of any CNC system. It performs
various roles —
e CPU receives the part program, decodes and transforms it into specific position
control and velocity control signals and feeds these signals to the servo control unit.
e |t stores the data
e CPU also performs all the calculations for various types of compensation regarding
backlash error, tool wear out etc. based on the input elements fed to it.
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e Some safety checks are built in the CNC system and CPU takes all the corrective
actions regarding these. It displays the alarming signal on the CRT of control panel
when any activity goes beyond its predefined limits.

e |t also co-ordinates the servo control unit of the CNC machine tools. It sends the
control signal to the servo control unit which converts these signals into suitable
analog or digital signals and feeds them to the servo drive for specific machine tool
axis movement.

Central Processing Unit (CPU) — cPU fargit ot cNC Red &1 f@ oiiR oA B 1 T fafta yfireTd

fAurarg -

- CPU TTE HTH UTW Rl ©, SIS Bl § 3R 34 farkiy fRufa fa=or 3R a1 fezor Sl & 9ga

318 3R S Udhdl ! dl A0 SHTS B IS HRAT 5|

. U8 T Bl R AT &

- CPU 398 AT TTU 37YC dcdl & SR R 90 IS, IUHRUT RS g4 3M1fe & Yoty H faftrs yovR &

T3fras & fore it 7orr oft drar ]

- CNC e & & JR& S 9918 St € SR CPU 3 Tay B gyt GURTaTs SRaTs &dl 8| 51

D3 Mfafafdr st gafuffea e @ w ot 8 ot a8 a0 we & CRT IR a1 Tavd Ue Rid BT

gl

- g8 CNC TRfF ¢ &t Tat = 318 o1 Wt -9 vl 8| I8 T (A0 SHh1s o1 v dahd

USTdT g S 39 Tdbdl! 1 Sugad TATa T a1 ffored Riwra o ufafdd wrar g iR 3= fafRmy w=i= g axis

movement & T T4l g139 H B HRAT g |

Programmable Logic controller (PLC) -

e |t is a device which can be reprogrammed without any hardware changes, it is
reusable.

e |t acts as a replacement for hard wired relay control panels of NC machine.

e The program for operating the PLC is stored in PLC program memory, on the basis of
this program, PLC operates cyclically.

Programmable Logic controller (PLC) —

- T8 T UGT 3T ¢ o) a1 bt graer ufkad = & 4. T foban St Yepdll €, U8 O T B

- gg NC 7= & 8T8 a8 Ra Fetd 9 & UfadToq & 0§ S Rl g |

- PLC ! HaTferd $=1 & forg U &1 PLC WITH BERY & Tufed foram ofrar 3, S URim & SR R

PLC Toh1T U ¥ HaTTerd giaT |

Machine tool control — CPU receives the part program and decodes it into position and
velocity signals and feed it to servo control unit which further generates suitable signals
and command values. The command values are converted into actual movement of the
operative units (slides etc.), by the servo drive unit. The amount of movement and the
rate of movement are controlled by the CNC system depending upon the type of feedback
system whether it is closed loop or open loop.
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10.

Machine tool control — CPU UT¢ UIUTH UTd -l & 3R 39 U 3R 371 Toball | fedhls Hrar g
3R T Tl FATAU SHTS B WIS BT & o 3T Iugad Rivet 3R FHS HH I Bl 8 | Tal gred
THTS GRI HHIS A B SHTRCT SHIST (WSS 1) BT arfdes il & aRafid fbar smar g | i &1
T 3R 71 BT &R BT CNC JoTTeRt gRT a3 fan S g, S hiadd Jomedt & TR R R aar g,
Te I8 Sie U & a1 ga |

Interpolation — In early CNC machines interpolations like linear, circular or parabolic were
possible but now-a-days in modern CNC system helical and cubical interpolations are also
possible.

FEXUIARM - TRIYS CNC TR & I, AR A1 IRAARD ol ScUTARH G4 & dfc seidha
AYFAH CNC yorelt A gfererd iR Ffawd gexurae off GHa g

Canned Cycles —

Compensation — For accurate and accident free machining on CNC machine tools, cutter
length compensation, cutter radius compensation, backlash, lead screw pitch error and
temperature are compensated.

Compensation — CNC T=F ¢ W Tt 3R gefe Gad Ui & o, Hex &t darg afayfd,
He o gfagfd, dea, e &g e 3fe ok aramm &1 erfayf o Sar 81

Manual Data Input (MDI) — In CNC machine tools, changes can be made in the part
programs for correcting and error or for changing the sequence of a machining operations
through MDI.

T31d 32T 37YC (MDI) - CNC TR & H, MDI & H1eg & TRif Tereq & 3igehH &1 gl B 3R
3 a1 e & forg urd Uy § Sead fhe S 9 € |

Multi program storage — It stores a number of part programs and whenever a part
program is required for a particular component, then this program is called and machining
can be started immediately.

o) WRITH RS - T8 3 U1 U &1 R Hdl 8 3R o i feh fagiw gees 3 fog urd gomy &
TIRGH AT Bl §, Al 3 UIUTH P Hidt fmar SrdT § 3R A=A qRd = &1 off Tabell g |

Feedback system — It continuously measures the position and velocity of the cutting tool
and send back the information to MCU on real time.

BIea® YOI - g PIc aed IUHRU Bt R SR I BT AR HUAT 8 3R IRATAD T W
TFSHRI MCU & AT SeTdT g |

Graphic display — Before starting the actual machining of components, graphic simulation
of part program can be seen on CRT of control panel and if any error is found in the part
programs that can be corrected before actual machining of components.

Tpe fEeat - Tew! ot IRdfad TRAFFT LE S 1 Ugd, UIE TR &1 UTfthds RIgaRH deid UHa
F CRT TR W ST Yaball § 3R TS UIE Ui H Pl Ffe UIg o1t © < I Uedh! &1 aRdfaeds A 3
U5 S1e b S Ihar |
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Automatically Programmed Tool (APT) programming — This is more advanced language
to prepare a part program. Once familiar with this type of language, one can program
much easily. For example, if Fanuc system integration of this APT then this programming
language is known as FAPT.

Automatically Programmed Tool (APT) programming — I8 UT¢ UUTH dUR &3+ & e 31fde
IAd U 8| Th IR U UHR D1 U J URFRIA 811 & a1, Bis 1 afad Sgd St I Uiimd &R gl
81 3aTeR01 & forg, afe 59 APT &1 e RIeH THIHRUT & Y 3 WA YT &Y FAPT & U § ST
EIGI

Background editing — CNC machines are equipped with the facility to edit the part
program while machining or a new part program can be inserted while machining. For
example changes regarding spindle rpm or feed rate etc. can be made on the spot,
without stopping the machine through keys provided on the control panel. This save a lot
of time.

Background editing — CNC TR =R & SR U1¢ T &1 Suifed 3 & JfaeT & gaferd g
1 AR & SR U =741 UTE TR STl o Wbl € | 3aTaR0l & Ay, fRISH rpm 1 WIS &R 31 &
et o uRadH Fa=m s WR & TS St & Arery  9xiF o1 s fu famn, @ w S feu s gea 81
T GHY DI HTH! ad giat g |

Spindle control — Spindle functioning like spindle orientation or spindle speed can be
changes even when part program is running with the help of an over-ride knob provided
in the control panel.

e feo - Risa ot ervue o Risd sifvtew= a1 fRisd nfa a9 i sl o1 gl 8, oid
HeId U9 A fu T 3aR 78S Al &1 Aeg ¥ Ure U I 8T 81|

Point to point or continuous or combined path positioning — Controller units are capable
of this positioning.

faig @ g a1 AR o vy vy fRfS - s el su Rifd A wem 8|

Digitizing — This features allows a part program to be made directly from an existing
component. The original component is traced while the CNC system records all the
machine motions and produces a part program.

feforeTsion - 7 gfawr foreh Hivier e I W T TS UITH 99 &1 3igHfd <ot 8 | 4o U &1 Ul
ST ST @ Safee CNC yomet gt 7=fi it & RepTs ol 8 3R T HITT UHITH R Sl 8|

Diagnostics and safety functions — CNC machines are generally equipped with diagnostics
facility to help in the maintenance and repair of the machine tool and system parts.

Diagnostics and safety functions — CNC TR 3 IR R 7= ¢a iR Ried YTl & av@ma
3R TRWA B Heg d- & e SraiiRes gfayr ¥ gufsr gidt g
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17.

18.

19.

20.
21.

22,

Faster rapid traversing and tool changing rates — Now-a-days CNC machines are
equipped with faster rapid traversing and tool changing rates. Upto 40-55 meter/minute
rapid traversing in machining centres is available and tool changing timing can range from
1.5 sec (T to T) to 2.8 (C to C). With these features non-productive time is drastically
reduced.

a fta R ok IuHRUT agEH P &R - 3MoHd CNC TR A i CaRIT IR JuHR0r Fgaq dt
RN Y GUfSTd § | IRAFT & H 40-55 Hiex/ e I@ g Caikin Iuasy § SR IUHR0 SaeH &I 9l
15958 (T T) ¥ 2.8 (C Y C) IF &l Yol o | 37 YfAuTaf & Y IR-IdTedh THI HTH! HH gl STal gl

Polar coordinate input — In CNC machines points of machining can be defined in polar co-
ordinates also which facilitates the part programming.

[T TH-GY §AYC - CNC T=iHT & 7= & foigail o1 sydta wag & of ufxanfia fasam o g
& S HIT U 1 gfaen ueH HRar gl

Mirror imaging — CNC system is also equipped with mirror imaging facility. With this
feature, controller unit can reverse plus and minus values along an axis or program zero
to produce an accurate right hand work piece from left hand part programs. This ability is
applied to all four quadrants and it greatly reduces the time that would be required to
program each part.

Mirror imaging — CNC system fRR SAfSRT gfaer & +ft gufsid 81 59 gfaen & 9y, gz sa1s
TH 3fef I1 TR IR & 1Y W SR A3 ! 1 Ide qabl § dTfdh a8 81 & YT HRiehH! o T
TP <1fe 814 T BT gh sl AR T o1 T | T8 eFar It IR aquf=l R arp gl § 8k 78 ud®
HITT ) UIITH R & 7T TR0 T &1 9gd HH PR T 8

Scaling — CNC machines are also equipped with scaling facility.

Custom macros — All CNC systems are generally have this facility. Part programming
becomes easier and less memory storage is required for such part program. A group of
variables are defined which helps in preparing the part program.

Custom macros — T+t CNC Ried & 3 dR WR I8 e il 81 U Ui S g St § 8k
T UIE U & forT 1 ARY RSl & SHTaRg el gl & | IRTae &1 U THg Ui foar g
S UTé U IR A § HeE dRal g |

Subroutines — Subroutine or subprogram is a program within a program. Whenever
repetitive types of machining locations are to be defined in a part program, then instead
of defining each location repeatedly, a subprogram is prepared which consists of those
machining locations or machining paths. This subprogram can be called any number of
times in a part program with a suitable code.

Subroutines — Subroutine T IINUTH T UTH & HidR T WA g1 oid ot ot wr viome &
I M 9T TR & AT R &1 gRHTRT HRAT 811 ], ) IS RIH & IR-§R URHINE B
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P IO, T IUNRITH IR fobar Sirar & forgd 39 w=itfei wim=t ar a=hifsi vt o wnfire fear sar g
Y YU & IUYS HIS & W1 Teh U i o farat o IR wia foran ST 9 8|

Interfacing — CNC systems can be interfaced with CAD, DNC system etc., to increase their
productivity and utilization. Generally following systems can be interfaced with CNC
machines — CNC systems 1 39! SdTGHdl 3R SUTNT ST & filT CAD, DNC TuTTa 3M1fe 3 1y
Y o ST Uahall 51 31 IR WR FafiRad Ried &1 cNC TR & A1y ety ol ol Il & -
(i) CAD/CAM

(ii) DNC system

(iii) Network capability (for FMS)

(iv) Material handling robot

Tool Monitoring — Modern CNC machines are equipped with adaptive control system for
monitoring the conditions of cutting tools. When the tool wear land exceeds the
predefined limits CNC systems generates a signal for the replacement of this cutting tool,
hence proper tool life and cutting conditions are maintained.
JUHRT FRRTT - 3M1egfe CNC TRIH STe arel SUBHRUN o1 fRuferat ot ATRTT & forg srepett fHiron
JUTTet & GUfSId § 1 919 U0 ot frara Yfiy gdfuffea S & sifde 8 ot 8 o eNe Ried 39
PHTe aTdl IUHRUT & YTTRITIA & fTE U Tavrd I HRll 8, ST SFeId JUBHRYT Sita 3R FHle B
FRUfY §TT Xt Sl 3

Management data — CNC machines have the facility to record spindle running time,
number of parts machined, tool use time, machine utilization etc. This data is sent to the
computer or displayed on CRT screen of control panel.

Management data — CNC TR 8§ RIS Ia- &1 954, ARiighd HRT &1 e, IYHRUN SUANT BT
g, TR ITANT 31fe o1 Reple Hra &1 FAwT giell 8 | T8 ST Hex WR NS SITd § a1 fFa =01 wef
CRT Bh1F R UefRid forar S g1

1.6.3 Advantages of CNC Machine —

1.
2.
3.

Continuous use — They can run for 24 hours a day.

Consistency and Repeatability — Consistency and repeatability of the job produced.
Accuracy and precision — They can create complex designs with high accuracy and
precision in less time than other manual machines.

Modification and saving in delay time — Operators can make changes easily, which
reduces the delay time.

Staffing — Fewer workers are needed to operate these machines, which saves labor costs.
Prototype — The modern design software for CNC machines removes the need of
producing a prototype or model before executing a project, which saves money and time
in the long run.

Wastage — CNC Machining Produces Little to No Waste.

Higher efficiency
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9. Quicker assembly

10. Enhanced personnel safety

11. Reduction in energy consumption

12. CNC Machining leads to lower production costs.

13. The CNC machine operator only needs basic training and skills, enough to supervise
several machines. In years gone by, engineers needed years of training to operate centre
lathes, milling machines and other manually operated machines. This means many of the
old skills are being lost.

14. Flexibility — Within a matter of hours the machine can be reprogrammed to create a
totally different part. This will ensure that you keep up with customer demands without
spending a lot of time or money replacing parts as it would be needed in manual
machines.

15. Automatic material handling

16. Floor space

17. Machining of advanced material.

CNC oA & ATH -

1. FRR ST - AT & 24 B T THhd &

2. T 3R GIeRTa - ST B i FRRAT 3R algRId Il

3. gAldmdT 3R URIGAT - § 3 A=gara TRl &t g1 & HH I99 & S Tl SR URRledT & a1y
vfed fesga s gsd g1

4. % qEY T G 3R T4 - TR ST W Tad HR IHhd 8, o S &1 90 HH g ST g |
5. T - 31 A=A Y Iam & o YTHew] &1 STazadhdT gia 7, R 8 ArTd st g |

6. MIcIersy - CNC TR & fore siyfAies fEoie aiteaaR fl iviae @ fFeifed %% ¥ Ugd Wiciersy a1
Hisd S B TaTbdl Bl gel &l 8, T o Trg § O 3iR THy &t gad g1t B

7. 30 - CNC AT & gd HH A DTS Uy I el g 3|

8. 3o gl

9. ARd TareH

10. SIS e ¥ 3fg

11. St @Ud & HHT

12. CNC TR ¥ ST aFTd B H 8idt ]

13. CNC A= SHTIReR &1 FHad aTe! TRIEUr 3R HIRIe B S1a=gdhdl g1l 5, ol ds A=Al & AR &
fore ot g1 St oot &, SOl o) Yex qy, ffeir w=fia ik s Bgsra ©u § Tenfera A=i= &) enfera
B & fore auf & UfReror Bt STaggendr gid | 39HT Hdes & i B /A BN TH I w® B

14. T - $3 &) et 7 7= B g are T 31T fewn M & fore O v foran S gehar /1 399 98
GRfa 81T o oy Ui ) Sge B Sgd e THg a1 O @ 6T 1 TTg ! @t [ bl I R @
Fifs Agaera A=A & S| aadhd giit|

15. Tferd Ul Uee

16. X &1 ST

17. 39d A &1 A=A
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1.6.4 Limitations of CNC Machine -
1. CNC Machine tool requires a Computer and software which increases the cost.
2. CNC Machine tools are more expensive than manual operated machines, although costs
are slowly coming down.
3. High installation cost. Machine have to be installed in air conditioned places.
Maintenance is difficult.
Skills (Computer knowledge and program knowledge) are required to operator the CNC
Machine, basic training is required.
In case of breakdown highly skilled professional is required to solve the problem.
Size restrictions
Programming errors can impact project plans

© o N o

. Increases unemployment.

CNC T=fH &1 dm -

1. CNC T=fF ¢ & 1T Fogex IR W deR 1 SHTa=adhdl gid & forad anTd 96 S g |

2. CNC 7=fF ge T=gara Tenferd A= &t gam & ifiies Hent 8, gTaifes arTd fR-4R FH g1 & 1
3. 3 RITYHT AT | AT erd R IR AR =1 g1

4. TRQTG BT 3.

5. CNC H=i &) Ta1ferd B & o 1R (e I SR WUTH I19) &1 Sa<adhdl g1t 7, gHard e
B SATIRIH AT BIell 3 |

6. FH T3 B! FRUR T T B 5 o= & AT SHATVS HRIS URIAR B AT Biell ¢ |

7. 3HR Ylday

8. T Ffeat aRkasr diorra &t gifad o Tt &

9. ISR TG &.

1.7 DIRECT NUMERICAL CONTROL (DNC) - According to EIA definition “DNC is a system which
connects a set of numerically controlled machines to common memory for part program
storage, with provision for on demand distribution of data to be machined.”

On some CNC controllers, the available memory is too small to contain the machining
program (for example machining complex surfaces), so in this case the program is stored in a
separate computer and sent directly to the machine, one block at a time. If the computer is
connected to a number of machines it can distribute programs to different machines as
required. Usually, the manufacturer of the control provides suitable DNC software. However,
if this provision is not possible, some software companies provide DNC applications that fulfill
the purpose. DNC networking or DNC communication is always required
when CAM programs are to run on some CNC machine control.

Wireless DNC is also used in place of hard-wired versions. Controls of this type are very
widely used in industries with significant sheet metal fabrication, such as
the automotive, appliance and aerospace industries.

In general one large computer can be used to control more than 100 machines.
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W& HBATHD FIG0T (DNC) - EIA TRUTHT & 3FIR "DNC Teh JUTTelt 8 o TReretes &0 9 fafia m=fi=t
¥ TP Ye B UTE TRITH LR & 78 Wi AR 4 sisd &, fora aiiied e o ara Ser s offv fewis
ICERUEIR COIE R GIER

P8 CNC ! IR, Iucisy BHR A=A WU (33801 & fow Sifed sl ot #=iif+) & iid s &
70 a5 BIET B, TURT 38 HrHe & T &1 Ueb 31eMT e § GUEld feban ST § 7R Ueh wHa § Ueh saifeb
T e 7= W AT o1 g1 Afe EeR Hs A=A O ST @ ) U8 AHaRuhdrIaR faftv weie o e
fIaRa R A8 | AR WR, =101 &1 Fafar Sugad DNC St adr UeH SRl ¢ | gTdlds, afc g Wy
TJUT e §, N T8 TIcaTR HUT DNC TRIHA T HRl & Sl 33T B I HRal & | 51§ CAM THImH
B HS CNC TR 01 IR IAMT 81T 8 df DNC Heafd T a1 DNC TaR &1 gHRIT a<adhdl gidl 8|
IRRE DNC HT YA gre-ards IR0 & I R i {351 o1a 81 39 UeR & vl &1 3uant
TSN, IUSHRUN IR TR I oI Hgeayqui =ite urg fafor ara 3l & sgd s ®u § faar
EIcIE]

IHI: T &S HER BT IUANT 100 F e T=fi=1 o1 Fafd e & fore fear s gwar g1

1.7.1 Components of DNC — The DNC system consists of following components:

1. Central or mainframe computer — The main function of the central computer is to call or
send the part program to the individual machines as per the requirements through
transmission lines. The central computer is a high end computer having big memory. It
can control more than 100 CNC machine tools. When the burden on the central computer
increases then minicomputers can be used in addition to main computer.

2. Telecommunication lines — The communication between the central computer and all
machine tools takes place through these telecommunication lines. These are generally
cables which connects the machine tools with central computer, but wireless DNC is also
possible.

3. Post Processor — It is very important part of the DNC system. It convert the instructions
into a particular coding system as per particular machine tool. The selection of post
processor is dependent upon the type of control system like FANUC, CNUMERIC etc. it
mostly converts the CLFILE instruction into the required G and M-codes instruction and
this can be supplied to the machine tool.

4. Machine Tool — These can be the different NC machine tools such as NC milling, NC lathe
etc. or CNC machining centres.

Components of DNC — DNC system ¥ fAafafad ges gl §:

1. Y 1 BIHH HECR - Aed HHCR &1 T ST CIRHRM ATSA! & H19H I I dl & S8R UIe
TIUTH BT S-S A=A TR HId BT AT Yol ¢ | Ued Hex ot HUR] aTdl U 3 Wi SR g
T8 100 ¥ 3% CNC 7= e o1 FHafa HR Tovdl g1 o/ Voo Hex W I §¢ oTdl ¢ af G-I e
& Srarar i dogex o1 ot U fobar ST U ar 3

2. QXUAR A8 - Haig HEex 3R Gft 7= ¢t & ot TR S GRudaR ArsHl & A1e99 9 I ¢ 1 T 3H
IR W HId BId & ot TR T Y Hetd R I Sed 8, AferT ararad DNC off T1a B

3. TRE YRR - I8 DNC e &1 5gd Ayl fex g1 g e o faviy 73 ea & SuR Ue fagy
HIFST yoelt & gfkafcd Rl 8 | TRe TR &1 99 FANUC, CNUMERIC 311G SRR fa =07 Jorreft & T&R R
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AR R 3 | U8 SGIR cLFiLE S &1 3mawa® 6 3R M-copefdx & ulkafdd #ar 8 iR sq A= ¢
B 3MYfef B! o gl B
4. T ¢a - 3 fafda NC T=f oo S Ne i, Ne @ sfe ar ene =i & 8 9dhd & |

1.7.2 Difference between NC machine and CNC machine —

S.N.

NC Machine

CNC Machine

NC Machine is the machine that is
controlled by set of instructions in the
form of numbers, letters and symbols
called a program.

NC #=fF a8 #=fiF & fort Hemeff, aiert ofik
Uil & &0 T RN & de gRT Fafad foar
ST & For TR g1 ST 51

CNC Machine is used to control motions
of the work piece and tool with a
written in

computer  program

alphanumeric data.

CNC TR &1 SUANT SRPTgHRS Sl | ford
HER TR & T IHURT 3R ¢d B 71 &b
frafia s & fore fpar S g1

In NC Machine, programs are fed into
the punch cards.

NC T=fF H MU 3 U BTs | WIS fbar ST
gl

In a CNC Machine, the programs are
directly fed into the computer using a
small keyboard.

CNC T #, TR &I T B dlals &l
TN R W HEeR B WIS fHar S g

It is very difficult to modify the program
in NC Machine if some error occurs and
debugging is needed. For NC Machines,
you will have to change the program in
the tape and feed it to the machine
again even for a tiny change.

afe po Ffe St § 3R feaffin Bt sravaear
gldt 8 O NC H=E H TR &1 Ixnferd &
9gd 4fmd 81 NC 7=l & forg, st eu o
U &Y FEaT 81T 3R U BI ¥ Jaad &
forg +ft 38 7= A o @ Bis B I

In A CNC Machine, modification of the
program is very easy. In CNC Machines,
you just have to change a variable in the
computer to modify the program.

cNC BRI B TR &1 RN1Ed BT 9gd
MM g1 CNC TR |, 3ueh! TR &
GG B P o0 99 HYR H Th
IRuad SgaHT grl|

High skilled operator is required to
operate a NC Machine but training cost

is lesser.

NC A= &I daifad @x4 & g 3=
P TR P HAIHT Bl § Al
U101 AT HH BT &

Less skilled operator is required but
training cost is higher.

B PG R BT ATLIHAT BI 8
A URIE0T AT SR gt 3

Maintenance cost is less for NC Machine

Maintenance cost is higher compared to
NC Machines

In NC Machines programs cannot be
stored, as it does not have memory
storage. It runs off of the tape each time

In CNC Machines programs can be
stored in the computer and can be used

again and again.
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the machine cycles. NC Machines have a
controller known as Machine Controller
Unit or MCU that is capable of reading
and interpreting a stored program and
using the instructions in this to control a
machine via actuation devices.

NC T=fI & forg e amTd #9 @

NC T & vt &t Tueta T8t far
T, Fifes 30 AHRY RS T it 81 &%
IR TR & Ioh & GRM Ig ¢U 8¢ ol oIl &
NC =i &t s gt 8 ol w=i=
= SH1S a1 Tl & U o ST i1 § o
fau T =l &1 IUEN FRE  TaguRH
JUBUN & AT ¥ AR & 13T H o
qEm g

CNC A=A § U & dugex § dufed
T o g & 3R IR-TR U fba
EIRSE

It offers less flexibility and

computational capability

flexibility  and

computational capability

It offers more

7| a5 ou wla R HILIAA & | g 3P A 3R HIECRAS &l
TeH IR 2 | TeH SR 7|

8 Accuracy is less Higher accuracy
It is not possible to run NC Machine .

9 continuously CNC Mach.lnes.can run 24 héurs a day.
At I CNC T=fH 24 °< 9 T 5|

10 | Cost of NC Machine is less Cost of CNC Machine is higher

1.7.3 Difference between CNC machine and DNC machine —

S. N. CNC DNC
In CNC, remote controlling of the
' o g Whereas in the DNC, it facilitates remote
1 working operation is not possible. control
CNC ¥, S Tarad &1 R o dya gt . .
3 il Safes e B g Refe deid ot gfaer a3 |
But the DNC is not integral to machines,
The CNC is an integral part of the | DNC computer can locate a distance
2 machine. from machines.
CNC H2iH o1 Teb 31 3T 7 | AfPT DNC FRAHT BT 3fi 3T el 8, DNC
HeR T A g &1 I @ Thar g |
) ) Whereas the DNC machine manages the
CNC machine has a transferring | ) o
3 S ) information distribution to the number
machining instruction. ]
of the machine.
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CNC =i & U oramiRar a=iifr g g
gl

Safds DNC TR HRAH o &R ddb a1 fdavor
BT UEeH Bl |

The CNC machine
controlled NC machine.

CNC T=fF U dugex fafa NC A=A ]

is a computer-

By using the DNC machine programmer
you can control more than one NC
machine as you required.

DNC H=fF TR &1 SUART 6 3T 30T
JHTAIH AT & TR U U 31 NC TR Dbl
[BRIEREREEL RS

CNC software is used to increase the
particular capacity of the machine tool.

CNC HITeadR &1 IuAiT =M ¢d &t faviy
& B SGTH & o forar ST 8 |

Whereas in DNC, it does not only control
the equipment but also serves as a part
of the management information system.
S&fd DNC H, T8 7 had SUHRUl &I Fifa
I § Sfewh YU I TUEH & Th U &
U H ff o gRaT B

In the CNC Program feeds directly into
the computer by a small keyboard
similar to our traditional keyboard.

CNC URITH 9R URUR® dials & JHH Th
B BlaTs gRT Y FR H BIS BT gl

In DNC part program is feed to the
machine through the main computer.
DNC HTT § IR &1 T Her & T1ed 9
i o e frar Srar 8|

CNC has low processing power when
compared to DNC.

DNC &1 a1 H CNC BT TRRbRUT Rifard S Biclt
gl

DNC has high processing energy when
compared to CNC.

CNC St gaT 5 DNC H 3o TR0 Sl gt
o

1.7.4 Difference among NC, CNC and DNC Machines -

S.N.

NC

CNC

DNC

The program is fed to
the
tapes or other such

machine through

fed to

In CNC machine
system, the program is
the

tool )
The part program is fed to

. the machine through the
machine .
Main Computer.

media. UM &I 2T 1 0Y
S HIfST & ATIH Y A |
Bis fParSrar gl

through the Computer.
CNC T=IF ¢dt Reeq & dium
D SR & Ay § oA o
wie fHar S g

e U & TH HHR &
Areoy ¥ 1A # wis fea
ST gl

In order to modify the
program, the tapes have
to be changed. WUH &
G A & e < &1
& gRTT|

The programs can be

easily modified with the
help of computer. UoH &I
SR DI FGRAT Y S A
TN foman S w3 |

In order to modify the
program, single computer
is used. U & AN

T & U Tha e B
IUANT fopar ST 8l
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In NC machine tool
system, tape reader is a
part of machine control

unit. NC 72 o Riem & | €0 tape  reader | o8 o e 3@ et
20 Srex Tl P so TS W‘q TPIRIR %ﬁw%; T B U1 G o) @R
s TR gl AT I 2| BT S S B

CNC 7RfF &1 eu Jex &t

SIS el gl &

The microprocessor or
minicomputer forms the
machine control unit. The
CNC machine does not

Large memory of DNC
allows it to store a large
amount of part program.

System has no memory
storage and each time it is
run using the tap.

Ry # o1 90 ¥RS 81 | 390 99 R 4FdTgldl g, | Th & Uid U &) T @l
2 IR R IR Y U DT ITAN | for g urd M ol ¥R fhar | gaa & fafte w=fi|i w =emn
ERCACKIBIRCIRIN| ST HhdI gl EIRESI]

It has memory storage
ability, in which part

program can be stored.

Same part program can be
run on different machines
at the same time.

It cannot import CAD files.

. . program. and scheduling.
%@DWWH@W I cAD WAl P M | 2eT P MIS TOERR &I
R ebell § 3R 3 U UM | IuaiT e e b o
A uRkaffa s aParg| qHhal § e e iorT
3R AsgferT H gurdt G

1 fpar S 9 |

System can import CAD
files and convert it to part

The data can be processed
using the MIS software so
as to effectively carry out
the production planning

They are not software

driven.

3 iR Faferd 81 &,

The system is software

driven.

R HieaaR Heferd 3.

The system is software

driven.

e HiedaR Hafed 3.

1.8 SELECTION CRITERIA OF CNC MACHINE - The selection of machine-tools is largely a matter
of judgment, based on the consideration of many variable factors. Some of them are as

follows —

Type of machine to be purchased and operator experience.

Feature requirements of the CNC.

Production capacity and machine run time.

Range of usefulness of CNC machines —

Standardized machines equipment with special tooling or special purpose machine.
Complexity and precision of the parts produced.

Quality, tolerances, finish required and other performance of the CNC machine.

© N o Uk wN R

Quantity of production and production rate required.
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10.
11.
12.
13.
14.

15.
16.
17.

18.
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Possibility of change in design of the products.

Machine cost, production cost, maintenance and repair cost.
Quality of service provided by company.

Shape, size and space requirements for the machine.

Easy installation, operation, maintenance and repair of the machine.
Life of machine, number of service, quality of service and AMC charges promised by
supplier.

Reliability and brand of the machine.

Type of CNC control system.

Materials to be machined.

Linear motion guide ways or box guide ways.

CNC 7RI &1 999 AFES - HRIH-C &1 99 ST 8¢ adb (ufa &1 fawg g, 5t s ulad—1d eR&! R faaR
R MYNAZ I ITHIAFS STTPRG -

1. BRI ST areft T=F F1 UHR 3R TR 1 3fva|

2. CNC &1 BIRR 3aeuehdTd |

3. T &HaT 3R TR TaM &1 99g |

4. CNC TR0 &1 SUAIRTar &t | -

5. fa=Iy geli a1 IRy Uiei |Ri & 91 A digd HRiH IRl

6. I T I Sfeadr 3R Jban|

7. CNC A=A 1 TJ0ra, Tg=iterdT, Saxaes fhfer 3iR o/ ueeiH|

8. AP IATG ol AT Td IUTG &R,

9. SMTGI o [SolTe H daad &I FHTGT.

10. A= B! AT, IATE ANT, IVRWIT 3R A AN |

11. HUH §RTUGH B1 T5 JaT B [orai|

12. 7R & AT SMPR, STHR 3R WM & A |

13. A= BT S RITYHT, JTeH, TERETE 3R AR |

14. T=A BT Sfa, JaT B TReAT, JaT 1 I[Ura IR SMgfeiarat gRT arel faar 7 Turdt Yo |
15. AR &1 fay=iiaan SR S|

16. CNC 701 JuTTedt &1 UhRR |

17. ORI d DI S aTel ||

18. IR TIfa T3S A1 IT I M S TR |




