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ABSTRACT

An innovative approach was developed to solve the problem of setup planning, which is the most critical
problem in process planning for discrete metal parts. Setup planning is the act of preparing detailed work
instructions for setting up a part. The major objective of this research is to improve the performance of CAPP
systems by developing a systematic approach to generate practical setup plans based on tolerance analysis. A
comprehensive literature review on tolerance control in CAPP was conducted. It was found that tolerance chart
analysis, a traditional tolerance control technique, isreactive in nature and can be greatly improved by solving
the problem of setup planning. In order to develop a theoretically sound foundation for tolerance analysis-based
setup planning, the problem of tolerance stack up in NC machining was analyzed in terms of manufacturing
error analysis. Guidelines for setup planning were then developed based on the analysis. To systematically solve
the setup planning problem, a graph theoretical setup planning algorithmfor rotational partswasthen devel oped
for automated and integrated setup planning and fixture design. Its efficiency and effectiveness evaluated. The
result is promising. The algorithms wer e then computerized. A setup planning program was developed under the

Microsoft Windows environment using C.

Keywords: Setup Planning; CAPP; NC machining

1. INTRODUCTION
1.1 Automation and Machining Planning

Machining planning isanimportant link between
design and manufacturing. It is responsible for
successful and efficient translation of design
information into products. Automated design and
meanufacturingwithintensveuseof computersresulting
in CAD (Computer Aided Design) and CAM
(Computer Aided Manufacturing) respectively have
been important developments of the last three
decades. Recently, over last one decade, automation
of machining planning has emerged as a bridge
between CAD & CAM.

Automated machining hasbeen reported to offer
severd advantagesincluding shorter lead time, higher
quality of machined part, lower part cost and more

flexibility in machining planning. The machining
planning asthe planning activity performed between
product drawing and actud machiningiscomplex and
ill defined. Machining planning, process planning,
process engineering, and machinerouting aresome
of thetitlesgiventothe sameactivity.

Machining planningisthesysemetic determingtion
of the methods and means by which aproduct isto
be manufactured economically. The machining
planning involves severa or al of the following
functions

)] Blank Selection: Given the finished part
geometry, a raw material form must be
Selected.

i)  FeatureRecognition: Thefina part geometry
is analyzed to identify various features for
meachining.
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i)  Operation Selection: For eachfeatureinthe
finished part, a set of machining operation,
capableof producing it economically must be
Selected.

iv)  Operation Sequencing: Theorder of applying
these operations must be determined. This
sequencingisinfluenced by severa factorssuch
asaccessibility, setup and tolerances.

v)  Machineand Cutting Tool Selection: For
each machining operation or a group of
machining operations to be performed, a
machine and acutting tool must be selected.

vi)  Setup Planning: A seriesof orientationsof the

work piece, locating faces and feature to be

produced in each work piece orientation must
be determined.

Picture Design / Selection: For each setup

detailed fixture configuration must bedesigned,

and/ or asuitableset of fixturefromtheavailable
list should be selected.

Operation Parameter Selection: Operation

parameter such asfeed rate, spindle speed and

depth of cut, must be selected. These can be
sel ected from machining datahand books.

iX) NC Code Generation and Part
Programming: NC codes to drive NC
machinesmust be generated

i)

viii)

1.2 Importance of Automated Maching Planning

Presently parts, which qualify massproductionis
not morethan 25% of thetotd vaueof meta working
productioninall industrialized meta working nations
.Onehdf of theremaining 75%isproducedinjob or
lots production. Theno. of these partsisincreasing
each year and their complexity and requirement for
accuracy aredsoincreasing. Socia and technological
trends such as demands for customized products,
shorter productslives, higher reliability of products,
along with superior processtolerancesand awider
variety of materids, are someof driving forcesbehind
the need of smaller batch sizes.

[48]

Accordingly industry isleaning toward flexible
manufacturing system (FM S) to meet the demand of
smaller batch szesand theever inincreasing demand
for productivity improvement.

AsFM S advances, | ess peopl e are seen on shop
floor, but in office next to shop floor, many people
are seen working in machining planning in alabor
intensiveway. Themanual machiningisflexibleto
disturbances such as engineering changes and
emergency orders. Theflexibility of FMS manual
meachining planning hasanother problem, sSinceprocess
planning is based on the previous experiences of
planner persond preference, extent of shop knowledge
interpretation of design requirements and other
judgment factors, processplansare often inaccurate,
incons stent and faulty.

Autometing thislabor intengvemeachining planning
offersbenefitsof morethan just saving labor cost of
manua machining planning. Moreimportantly, it offers
the possibility of shorter lead time, higher quality of
meachined parts, lower partscost, scheduling flexibility
andflexibility to disturbances.

1.3 Setup Planning

Setup planningisdefined ashow to orient and fix
a part so that al the features on the part can be
machined successfully with required toleranceand
surfacefinish. Setup planningisthecritical bridge
between general process planning and detailed
operation planning. Itisa so theintimate upstream of
fixture planning. In earlier works, setup planning has
been carried out mostly based on tool approach
direction.

Thepurpose of setupistolocateandfix apartin
adefinitemanner on amachinetool sothat machining
cantakeplace. Thetheoretically exact point, axis, or
plan used to locate the part isreferred to asa setup
datum. When setups and setup datum of aprocess
plan are not selected properly, a tolerance chart
analysis might find that the process plan cannot
guarantee parts to be made within the specified
tolerance. Hence tolerance information from part
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decision should betakeninto consideration in setup
planning.
1.4 Objective and Scope of the Present Work

The motivation of this work is automation of
process planning for machining, whichisgeneraly
performed manualy. In spite of many research efforts
Inthe past towards the automatic generation of the
plansfor machining, sstup planning and fixturedesign
isoneof theleast gudied areasand it remainsamajor
missing link inautomated machining planning.

Integration of process planning with automated
setup planning and fixture designisone of themgjor
areas, requiring immediate and apt attention of the
researcher inthisfield. At present, almost most of the
computer aided process planning (CAPP) systemdo
not havethefacility of automatic setup planning and
fixture designing, as this part of CAPP is quite
complicated and carriesal ot of bottleneck needed
to be overcome. Hence, automated setup planning
and fixture designing standsasmaj or research issues
inthe context of processplanning.

Inthe present work an algorithm based on graph
theory concepts has been devel oped for automated
and integrated setup planning and fixturedesign. The
work hasbeen divided into two parts: setup planning
andfixturedesgnwhicharethenintegrated. Ineerlier
works, setup planning has been carried out mostly
based on tool approach direction. Tolerancerelations
aretakeninto consideration after selection of setup
plan. Inthis case selected set up plan(s) is(are) not
competent to offer required tolerancesthen the effort
may gowaste. Inadditionif such selected setupsplans
areused then generaly machinetoolswith very high
precision are needed, which directly increase the
production cost. In the present work, tolerance
rel ation hasbeen considered during sl ection of setup
planning .Setup planning cons stsof following task:

1. Setupformation- All themachining featuresare
grouped together according to their tool approach
direction and tolerancerelations.

2. Datum selection- For each setup, datum surfaces
(primary, secondary, and tertiary) are selected,

3. Setup sequencing- Selected setups are sequenced
on the basis of number of features and tolerance
relations.

Thisapproach givesmore comprehensive setup plan.
Basicresearchissuesinvolveinfixturedesgnarethe
selection of locating and clamping positionsfor agiven
work piece aongwithitssetup position(s), in order
to achieveaccuratelocating, and total restraint of the
work piece, no interference between fixture, work
piece and the cutting tool, and goodness of thedesign
of thefixture.

Fixture design consstsof thefollowing task:-
1. Sdlectionof locating surface,

2. Sdectionof clamping surface,

3. Sdectionof locating position,

4. Selection of clamping position

2. PROPOSEDALGORITHM

A. Setup Planning Algorithm For Rotational
Parts

In this section, a setup planning algorithm for
rotational parts is developed and implemented.
Because secondary features such as chamfersand
keywaysdo not influencesetup planning; only primary
features are considered. Primary features of a
rotational part are cylindrical surface and vertical
surface. it is assumed that (1) the total approach
direction of each feature isgiven,(2) each setup
requiresone (and only one) vertical featureand one
(and only one) cylindrical feature aslocating datum,
and (3) afeaturemay or may not exist onthe stock.
Thefollowing notations are adopted

n=no. of featureswithin the part
A, =tool approach direction, defined asfollows:

1, if featurei can be machined only from the | eft
A= | 2,if featurel can be machined only from theright
0, otherwise
inwhichi=1,2,...,n

E featuretype, defined asfollows:
{49]
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1,if festurei isavertical feature
E= 2,if featurei isacylindrical feature
0, otherwise
inwhichi=1,2,...,n
S stock shape, defined asfollows:

1, if featurei exitson the stock

-n
1

0, otherwise

Inwhichi=1,2,...,n

T= [tij] tolerance matrix, defined asfollows:

if I<rthen
let A=1
dse
gotostep 2
dse
letA =A
p q
lett =0;t =0
Pa ap
repeat step 1

Sep 2-Datum Section

Step 2.0

lett,=0if A=A, inwhichi=12,.....n; j=12,...,n
Ietdij:O,inwhichi:1,2,...n; j=1,2,....n

letT* :[tij]:T

Step 2.1
findtpq’:min[tlj’],inwhidwizl,Z,..n;jzl,Z,.....,n; tlj’;to
if nosuch tpq’ can befound then

4, if featuresi andj havetoleranceg, ~ fori=1to2do
. for j=1to 2do
0, otherwise if d”. =0then
o - findfeaturew suchthat A =i &E =
!nwhlch iI=12 ...,n letd,=1;D,=w
J:1,2,...,n, gotostep3
dse
Thedgorithmisasfollows: let t, =0t =0
if d, ., =Othen
Sep 1- Setup Formation letd, =1
Findt, =min[t], inwhichi=1,2, ..m;j =12, Ff’/apap:f’om
LA =0 A 0t #0 :etaqEq_—len
If nosucht_ canbefound then D A
. P AqEq_q
fori=1tondo
ifA= 2 2
TA=0then if T %d=4then
. i=1 j=1
n . . 1'IfAj:1 goto Step3
letl= % X, inwhichX = dse
j:1 0, otherwise go to Step 21
Sep 3- Setup Sequencing
n LifA=2
letr= ij,inwhichxj: . fori=1to2do
=1 0,otherwise  for j=1to 2 do
[50]
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] 1ift,, 70
let R, =X, Inwhichx, -

k=1 0, otherwise

find qu:max[Rij]

1, ifp=2

let Z=
0, otherwise

Step 4 —Generate Setup Plan Based on Stock
Shape

Letc=0
ifS_,# 1then
find feature fso that A =Z, E =1,
&S=1
if sucha feature cannot be fo und then
letc=1
else
letD, =f
ifS_# 1then
find feature fso thatA =Z, E=2, &
S=1
if sucha feature cannot be fo und then
let c=1
else
if c#1then
let D_,=f
LetS=0;S=90

Let S =S U{i}ifA=1, inwhichi=1,2,.....,n
Let S =S U{i} ifA =2, inwhichi=1,2,.....,n
if c=1 then
Machine features D, & D,
ifz=1then

Features within S _ are to be machine inthe first setup
using features D, & D,, as the locating datum.
Features within S, are to be machine in the second
setup using features D, &D,,as the locating datum.
else

featureswithin S are to be machined inthe fir st setup

using features D, &D,, asthe locating datum; featur es
within S_to be machined in the second s etup using
features D,,&D., as the locating datum.

Thealgorithmcandeal with di fferent type of rotational
parts .It was implemented using C++ under the
Microsoft Windows environment . The input for the
software is-

(1) Theno. of features

(2) Features type of each feat ures

(3) Toolapproach directions o feach feature

(4) Stock shape information

(5) Tolerance information.

The output is a brief descript ion of how to setup the
part.

B. Software of Setup Planning for Rotational
Part

/ISoftware For Setup Planning of Rotational Part//

#include<stdio.h>
#include<stdlib.h>
#include<conio.h>

void main()

{
inti,j,k,p,g,n,R_maxLrff_flag,zwc,SL size,
SR_size,nam, tot;
int A[20],A1[20],E[20],s[20],x[20],
SL[20], SR[20],clam[20];
int d[10][10],D[10][10],R[10][ 10];
clrscr();

float t[10][10],tt[10][10];
float min_t,min_tt;
int a,b,comp,cmp,ch,g;
float e;
do
{ clrscr();
p n ntf(‘ ‘\n*****************k** *****-k***\n\n’ ’) ’
printf (“Before runnining the software one should have
following informations-\n\n");
printf (1. No of features Pre sent in Stock.\n2. Type
of feature (\Vertical/Cylindrical/Other).\n3. Tool

approach
51 ]
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Direction for each feature (Left/Right/Both).\n4.
Stock Information (Present/Not present).\n5.
Tolerance
Matrix.\n6. Numbering of LEFT and RIGHT side
featuresshould bein order separately.\n\n”);
printf(“*******************************\n\n”);
printf(“ Enter NO. of featurespresentin
stock/job\n™);
scanf (“%d” ,&n);
printf (“\nEnter festuretypeof each
feature\n (Vertica=1,Cylindrical=2,

Other=0)\n");
for(i=Li<=n;i++)
{

scanf(“%d” & E[i]);
}
printf(“\nEnter tool approach directionfor
eachfeature\n (Left=1, Right=2, Both Side=
0)\n");
for(i=Li<=n;i++)
{

scanf(“%od” & A[1]);

AL[i=ATI;
}
printf (“\nEnter stock shapeinformation for
each feature\n(If Feature Present=1, If Not
Present=0) \n");
for(i=1;i<=n;i++)

{
}

for(i=Li<=n;i++)
{
for(j=1;j<=n;j++)
{

tli][i1=0;

}

}

scanf(* %d” & di]);

do

{
printf(“\nPress 1 TO ENTER TOLERANCE

MATRIX ELEMENTS\n(Onemay SEEand EDIT

[52]

thematrix during process).”);
printf(“\n\nPress 2 TO DISPALY PRESENT
TOLERANCE MATRIX\n");
scanf(“%od” & ch);
switch(ch)
{
case 1
do
{
printf(“\nEnter location(a=Row,b=Column) for
tolerancevdueintolerancematrix\n’);
scanf(* %d%d” ,& a,&b);
printf(“ Enter Tolerancevaluefor above
location\n™);
scanf(“ %f” ,&e);
tfa][b]=e;
t[b][a]=e;
printf(*\nDo you want to enter more
eememts\nIFYES=pres5, IF NO=pressany
other number.\n");

scanf(“%d” ,&Q);
Ywhile(g==5);
break;

case 2.

printf(“ Present Tolerance Matrix is-\n");
for(i=Li<=n;i++)
{
for(j=1;j<=n;j++)
{
printf(“%60.2f \t” t[i][j]);
}
printf(*\n");
}
break;

defaullt:
printf(*WRONG CHOICE\n");
}
printf(“\nTo SEE and EDI T thetolerance matrix =
PRESS5\nTo get final SETUPPLANNING output
=PRESSANY NUMBER\n");
scanf(*%d” & cmp);
}while(cmp==5);
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printf(“ * FINAL RESULT *\n"); }while(cmp==5);
printf(" * FINAL RESULT *\n");
printf(“\nFeatures present in Stock/Job\n”);
printf(“%d’ ,n); printf("\nFeatures present in Stock/Job\n");
printf(“\n\nFeature type of each feature.\n printf("%d" ,n);
(Vertical=1,Cylindrica= 2, Other=0) \n"); printf("\n\nFeature type of each feature.\n
for(i=1;i<=n;i++) (Vertical=1,Cylindrical= 2, Other=0) \n");
{ for(i=1,i<=n;i++)
printf(“%d\t” ,E[i]); {
} printf("%od\t" E[i]);
printf(“\n\nTool approach directionfor each }
feature\n (Left=1, Right=2, Both Side=0)  printf("\n\nTool gpproach directionfor eschfesture\n
\n’); (Left=1, Right=2, Both Side=0) \n");
for(i=1;i<=n;i++) for(i=1;i<=n;i++)
{ {
printf(* %d\t” A[i]); printf("%d\t" A[i]);
}
} printf("\n\nStock Shapeinformationfor each
printf(“\n\nStock Shapeinformationfor feature\n(If Feature Present=1, If Not
each feature.\n(If Feature Present=1, If Not Present=0) \n");
Present=0) \n"); for(i=1;i<=n;i++)
for(i=1,i<=n;i++) {
{ printf("%d\t" qi]);
printf(* %d\t” Hi]); }
} printf("\n\nFinal ToleranceMatrix\n");
printf(“\n\nFina ToleranceMatrix \n”); for(i=1;i<=n;i++)
for(i=1,i<=n;i++) {
{ for(j=1;j<=njj++)
for(j=1;j<=n;j++) {
{ printf(*%60.2f \t" t[i][j]);
printf(*%00.2f \t” t[i][j]); }
} printf("\n");
printf(“\n”);
} }
break;
stepl: min_t=10;
default: for(i=Lji<=n;i++)
printf("WRONG CHOICE\n"); {
} for(=Lj<=n;j++)
printf("\nTo SEE and EDIT thetolerance matrix = {
PRESS5\nTo get final SETUPPLANNING output If((min_t>t[i][j)& & ({[i][j]'=0)& &
=PRESSANY NUMBER\n"); (A[1]==0) & & (A[j]'=0))
scanf(*%d" & cmp); {

[53]
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min_t=t[i][j]; {
p=i;0=j; if(Ali]==A[])
} {
} tli][j]1=0;
} }
if(min_t==10) }
{ }
for(i=Li<=n;i++)
{ d[1][1]=0;d[1][2]=0;d[2][1]=0;d[2][ 2] =0;
if(A[i]==0) D[1][1]=0;D[1][2]=0;D[2][1]=0;D
{ [2][2]=0;
[=0;r=0;x[0]=0; for(i=Li<=n;i++)
X[1]=1;x[2]=0; {
for(j=0;j<n;j++) for(j=1;j<=n;j++)
{ {
I=l+x[A[]]; il (1=t 0]
} }
x[1]=0;x[2]=1; }
for(j=0;j<n;j++) sep2l:min_tt=10;
{ for(i=Li<=n;i++)
r=r+x[A[j]]; {
} for(j=1;j<=n;j++)
{
if(I<r) if((min_tt>t[i][j])& &tt[i][j]'=0)
All]=L; {
dse min_tt=tti][j];
Ali]=2; p=i;0H;
} }
} }
goto step2; }
}
dse if(min_tt==10)
{ {
AlpI=Ald]; w=0;1=0;
t[pl[q]=0; for(i=1;i<=2;i++)
t[al[pl=0; {
goto stepl,
} for(j=1;j<=2jj++)
. {
step2: S
for(i=1;i<=n;i++) |{f(d[|][|]::0)
{

for(k=1;k<=n;k++)
{

for(j=1L;j<=n;j++)

[54]
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If((A[K]==1)& & (E[K]==}))
{
w=k;
if(I==1)&&(j==2))
{
intwl,w2;
w1=(D[i][j-1])+1;
w2=(D[i][j-1])-1;
if((wl==w)|(w2==w))

{
d[A[pII[E[pI]=1;
DIA[PII[E[pI]=p;

}
if(d[A[al][E[c]]==0)
{
d[A[q]I[E[q]]=1,
DIA[dl][E[d]]=a;

{ }
dlil[il=1;
Dil[j]=w; nam=d[1][1]+d[1][2]+d[2][1] +d[2][2];
break; if(nam==4)
} goto step3;
} dse
else goto step21;
{
intwlwz; }
wi1=(D[i][j-1])+1;
w2=(DJi][j-1])-1; step3:
if((wl==w)||(w2==w)) for(i=1;i<=2;i++)
{ {
d[ilfj1=1; for(=Lj<=2j++)
Dil[j]=w; {
break; if(D[i][j]'=0)
} {
R[][i]=0;
} for(k=1;k<=n;k++)
{
} f([DLI[]1K]!=0)
X[K]=1;
} else
} X[K]=0;
R[i][j]+=xKI;
} }
} }
else
goto step3; {
} RIi]01=0;
else }
{ }
tt{p] [ =0;tt[c] [p]=0; }
if(d[A[PI][E[p]]1==0)
copyright © samriddhi, 2010-2013 S-JPSET : 1SSN : 2229-7111, Vol. 4, Issue 1 (55]
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R_max=R[1][1]; }
for(i=1;i<=2;i++) }
{ if(f_flag==0) c=1,
for(j=1;j<=2;j++) dse
{ {
if(R[i][j]>=R_max) if(c!=1)
{ D[Z][2]=f;
R_max=R{i][j]; }
p=i;0=j; }
} }
} else
} {
if(p==2) z=1; for(k=1;k<=n;k++)
elsez=2; {
if((A1[K]==0)& & (E[k]==2))
step4.c=0; {

if(S(D[Z][1]]'=1)

{ D[Z][2]=k;
f flag=0; k=n;
for(k=1;k<=n;k++) }

{ }
if(Al[k]|==2)& & (E[k]==1)
&&(gk]==1)) }
{
f=k;f_flag=f flag+1; SL_sze=],;

} SR sze=];
} for(i=Li<=n;i++)
if(f_flag==0) {
c=1; if(A[i]==1)
ese {
D[Z][1]=f; SL[SL_size++]=i;

} }

if(D[z][2]'=0) else
{ SR[SR_sizet+]=i;
if(sD[z][2]]'=1) }
{ SL_sze—;
f_flag=0; SR sze—;
for(k=1;k<=n;k++) if(c==1)
{ {
if((A1lK]==2)& & (E[K]==2) & & printf(“\nMachinefeatures%d and
(sk]==1)) %d",D[Z] [1].D[Z][2]);
{ }
f=k;f flag=1; if(z==1)

[56]
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{ printf(“\n Locating Datum- %d %d\n”,D
printf(“\n*****************************\n"); [2][1]’ D[2][2])’
printf(“\nSETUP1: “); if(D[2][2]==0)
printf(“\n Locating Datum- %od %od {
\n”,D[1][1],D[1][2)); printf(“\n* NOT POSSIBLE TO LOCATE
THE STOCK/JOB *\nWe haveto add extrafeatures
if(D[1][2]==0) (cylindrica/verticd) or \n specia Jig & Fixtureto get
{ thedesired tolerancelimit.\n\n");
printf(“\n * NOT POSSIBLE TO LOCATE
THE STOCK/JOB *\nWehaveto add extrafeatures }

(cylindrical/verticd) or\n specia Jig & Fixtureto get printf(* Machining Features-");
thedesiredtolerancelimit.\n\n™);
for(i=1;i<=SL_gzeji++)

} {
printf(* Machining Features-"); printf(* %d*“,SL[i]);
}
for(i=1;i<=SR_gzeji++)
{ printf(“\M\n SETUP2:\n*“);
printf(“ %d*“,SR[i]); printf(“\n Locating Datum- %d %d\n”,D
} [11[1].D12][2));
if(D[1][2]==0)
printf(“\n\n SETUP2: “); {
printf(“\n Locating Datum- %d %d printf(“\n* NOT POSSIBLE TOLOCATE
\n”,D[2][1],D[2][2]); THE STOCK/JOB *\nWe haveto add extrafeatures
if(D[2][2]==0) (cylindrica/vertical) or \n specid Jg & Fixtureto get
{ thedesired tolerancelimit.\n\n");
printf(“\n* NOT POSSIBLE TO LOCATE }

THE STOCK/JOB *\nWe haveto add extrafeatures printf(“ Machining Features-");

(cylindrica/vertical) or\n specid Jg & Fixtureto get

thedesiredtolerancelimit.\n\n”); for(i=1,i<=SR_sizeji++)
printf(“ %d* ,SR[i]);

} }
prlntf(“ Ma:hlnlng Featur&_”)’ prinﬁ(“\n\n******************************”);
printf(“\n* THANKS*”);
for(i:1;i<:SL_size;i++) printf(“\n******************************”);
printf(“ %d“,SL[i]); printf(“\n\n TO CONTINUE FOR NEW JOB =
PRESS 5 \n TO QUIT THE PROGRAMME
} PRESSANY NUMBER\n");
dse scanf(* %d” ,& comp);
{ }while(comp==5);
printf(“\n*****************************\n”); getch(),
printf(“\M\n SETUP 1. \n"); }
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3. EXPERIMENT AND RESULT
3.1 Input and output for rotational part

15 +0.01
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3002030000 J0E-JoE 00 -J0E-J0E- 0o e e -J0E-J0E- oo e e M- 0 oo o e e -0 -JoE-JoE- o e e e oo oo JnfJef MM

# FINAL RESULT =

Features present in StocksJoh

Feature type of each feature.
(Uertical= 1,Cylindrical= 2, Other= B>
1 2 1 2 1 2

Tool approach direction for each feature.
(Left= 1, Right= 2, Both Side= 8>
1 1 1 a 2 2

Stock Shape information for each feature.
(If Feature Present=1. If Not Present=8>
1 1 1 1 1 1

Final Tolerance Matrix
A._ 88
@._ 88
A_[a2
@._ 088
A._[a2
@._ 88
@_ A4
@._ 088
@_B84
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SETUP 1:

Locating Datum— 5 6
Machining Features— 1 2 3 4

SETUP 2:

Locating Datum— 1 2
Machining Features—- 5 6 7 8 9
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TO CONTINUE FOR NEW JOB = PRESS &5
TO QUIT THE PROGRAMME PRESS ANY NUMBER

Fig.1. Input and output for rotational part
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4. CONCLUSION
In the present work and effort has been done

towardstheautometion of themachining planning. The

primary purpose of thework isto automatethe setup
planning and fixture design process to achieve
automatic machining planning.

Setup planning is the critical bridge between
general process planning and detailed operation
planning. Itisasointimateupstream of fixtureplanning.
Setup planning significantly affectstheoveral cost &
quality of part machining. Inthe present work graph
theoretic pproach has been used for automated setup
planning for rotational parts. The advantages of the
graph theoretic approachisthat itisamathematical
approach & can be easily evaluated, modified &
computerized. After selection of setups, aheuristic
agorithm hasbeen devel oped for sdlection of locating
& clamping surfaces& locating & clamping positions
for agiven work piece. Thusthe present work can
be summarized asfollows.

1. Setupshavebeenformed onthebasisof both tool
approach direction & tolerancerel ation between
features. Thisgpproach givesmorecomprehensive
setup plan.

2. Datumfeatureshave been sdlected on the basisof
tolerance requirement between featuresso that the
Specified tolerancerequirement can beensurewhile
machining. A verticd & acylindrica surfacehave
been sel ected as adatum feature for machining
rotational parts, for each setup. This approach
ensures proper location of the part dlong theaxis
X,y & 2).

3. Setup hasbeen sequenced on the basisnumber of
tolerancerd ation between featuresof thedifferent
setups, aswell asnumber of featuresinaparticular
setup hasbeen considered.

4. After selection of sequence of setup, position of
locators & clamps has been discussed based on

heuristic algorithm .A clamp for each locator has
taken. Thefeatures, which areto bemachined has
not been selected for clamping.
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