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Automated CAPP (Part-I)

Lecture - 55
CIM and CAPP, Process Optimization and CAPP

In the last lecture session, we will be referring to two important issues.
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Computer aided process planning is related to the overall computer integrated manufacturing

framework. The kind of the interactions you have with other elements of CIM with the CAPP

must be known in explicit terms. The entire process planning is having 6 steps and these are

the 6 steps you have to follow in a sequence and the last step is related to Process

Optimization. This is a very important, because in a process plan for a particular product you

have to specify the process conditions.
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Not only you select the process, not only you select the machine tools and other elements, but
you have to specify the process conditions with respect to a particular operation on a given

machine tool.

The relationship between the CAPP and other elements of CIM. This is a framework where
you can identify the CAPP element and how the CAPP is linked or related to other elements
of CIM as well as the databases you require to the design and develop CIM focusing on

CAPP or computer aided process planning.

Organization planning system. From this planning system you get the details of the product
design and development. Once the product design and development aspects you focus then

you start using appropriate computer aided design.

The part list is one kind of output from the CAD system and once you get this part type

details then you are in a position to the propose materials requirement planning.

You may have MRP-I, then at succeeding stage you may go for MRP-II and you will also be
considering the capacity planning issue. This is in one block and then based on this, you place

the purchase order and it goes to computer aided manufacturing system.



We will be bothering about the production control. This is the CAPP module. How do you
establish or how do you develop this CAPP module?

The first thing you get that is the part master files. When you create an MRP you have the
product structure code plus the part master files. This will be sent to you to the CAPP

module. NC part program you develop and you send it to your CAM module.

This is basically a closed loop. The collected data you also get constantly, you have to update
the database related to CAPP and the main database will have the data related to the

machines, then the cutting tool fixtures.

These are the 3 important components in any manufacturing systems. You have to create
database for each one and then the output of the CAPP module is the process plan. Once the
MRP system is established then the capacity planning aspect you considered. Whenever you

get the production orders, the CAPP module will be activated.

Looking at this particular framework you will understand how this CAPP module is
interacting with CAM module as well as the CAD module and other types of online real time

control systems like MRP or its variants.

This is basically a particular framework where the relationship between CAM related

modules and the CAPP module is established and it is a closed loop system.

The corrected data will be passed on to CAD module because there must be perfect

matching between design and manufacturing through CAPP.
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.
Decision Tables

+ Decision tables provide an easy way to document manufacturing
knowledge. They are considered main elements of all decision table-based
process planning systems.

+ Three elements of a decision table are: conditions, actions, and rules.
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The decision tables provide an easy way to document manufacturing knowledge related to a

particular part, component or a product.

They are the principal elements of all decision table-based process planning systems. The

elements of a decision table are conditions, actions, and rules.

As far as rules are concerned this is a total set. When you refer to the process plan, how a
particular product is getting manufactured at the different stages. This knowledge you must

have and this is referred to as the manufacturing knowledge.
Once you develop the process plan it is indicative of the manufacturing knowledge.

Suppose you have to the decide on the spindle speed, you have to select some kind of one

type of holding devices, all these details will be specified.
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Decision Tables

* Entries can be either Boolean-type values (true, false, and do not care) or
continuous values.

TABLE 3.3 Boolean Value-1ype Entries
Lenghof bar=8in.; | T* ] F I
Diameter of bar < 1 in P | |

Diameter of bar = 1in, | _ __T_
— __|~—_‘|___]

l Extra suppors | sl

* T, true; F, false; blank, do not care . AU |

! NPTEL ONLINE PROF PRADIP KUMAR RAY

IIT KHARAGPUR CERTIFICATION COURSES DEPARTMENT OF INDUSTRIAL AND SYSTEMS ENGINEERING
IIT KHARAGPUR

This values which you specify could be Boolean type and true or false or 0-1 like that. What

are the conditions? For a given part, the length of the part, if it is 8 inches, it is true.

Similarly, diameter of the bar is less than 1 inch if it is true. The diameter of bar is greater

than equals to 1 inch.

If it is true, whatever the actions you take, these actions are dependent on certain conditions,
either could be one condition or multiple conditions and each condition you specify the rule,

and accordingly you take action.
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Decision Tables

TABLE 54 Continuous Value-ype Entries

\L;nglhﬂ!haﬂlllj | | 54 | 24 | <16 | =16
Diameter of bar fin) | %02 | >02 | | > ciametar>02 | 21 |
e
Extra support T P | T ‘ | T
* T, true; blank, do pot care

f ﬁ;
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Another example is when you deal with the continuous value type entries, like the length of
the bar is less than equals to 4, greater than equals to 4. These are the possibilities, less than
equals to 16 or greater than equals to 16. These are the 4 rules you specify. These are the

conditions then.

If it is the true, the diameter of the bar is less than equals to 0.2, then whether you need extra
support that knowledge-base you have. Similarly, if these two conditions hold; that means,
the length is greater than equals to 4 and the diameter is between 1 and less than 1 and but

greater between point 0.2 and 1, then, obviously, extra support is required.

If the length of the bar is greater than or equals to 16, definitely you must have one extra

support. So, length is the main determining factor.
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Decision Tables

Q Example

Consider the problem of the selection of lathes or grinding machines for jobs
involving turning or grinding operations. Data on conditions such as lot size,
diameter, surface finish, and tolerance desired are available. They are
compiled in the form of a decision table as shown in Table 5.5. Make a
machine selection recommendation if

a) The lot size of the job is 70 units; diameter is relatively small; th ce
roughness desired is 30um; and the tolerance range requiretr !
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I will highlight one particular example. Consider the problem of the selection of lathes or the
grinding machines for jobs involving turning or grinding operations. Data on conditions such
as lot size, diameter, surface finish and the tolerance desired are available. They are compiled
in the form of a decision table as shown in table. So, this table will be shown. Make a

machine selection recommendation if

a) The lot size of the job is 70 units; diameter is relatively small; the surface roughness

desired is 30um; and the tolerance range required is +0.003 in
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Decision Tables
b) The lot size of the job is less than 10 units; diameter is relatively small;
the surface roughness desired is 45um; and the tolerance range required

is £0.004 in,

c) The lot size is greater than 50 units; diameter is relatively small; surface
roughness is 20um; and the tolerance is less than 0.0008 in.
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b) The lot size of the job is less than 10 units; diameter is relatively small; the surface

roughness desired is 45um; and the tolerance range required is £0.004 in.

c) The lot size is greater than 50 units; diameter is relatively small; surface roughness is

20um; and the tolerance is less than 0.0008 in.
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Decision Tables

O Solution:

a) From the set of conditions given in the problem, it is easy to see from
Table 5.5 that rule 3 is suitable for this situation. The action, therefore is
obviously turret lathe; that is, the operation is performed on a turret
lathe.

b) Similarly, the solution is engine lathe.

c¢) From the conditions given in the problem, we find that rule 2

suitable. Therefore, the recommended actions are to finish part

engine lathe and subsequently on a centerless grinding
achieve the desired specifications.
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From the set of conditions given in the problem, it is easy to see from Table 5.5 that rule 3 is
suitable for this situation. The action, therefore is obviously turret lathe; that is, the operation
is performed on a turret lathe. Similarly, the solution is engine lathe. From the conditions
given in the problem, we find that rule 2 is most suitable. Therefore, the recommended
actions are to finish parts on an engine lathe and subsequently on a centerless grinding

machine to achieve the desired specifications.

(Refer Slide Time: 21:03)

TABLE 5.5 Decision Tuble for the Selection of n Machine(s) for Turning Operation

[ﬂwﬁ]rnm‘ Rile 1 Rile 2 Rule 3 Rule 4
[15=10 X = 1
15=8 X X
LS = 400 i B | | x
Relatively large diameters |
Relatively small diameters X X X X
| §F in the range $0-60 min X
mhc-n:;se 16=32 min. X X X
| =0.003 = Tol = =0,008 X |
=0.001 = Tol = =0,003 | X
= 0000 5 Tol 5 =0.001 y X s X
Engint lathe X 1 [
I Turret lathe X
| Automatic screw machine X d
| Centerless grinding machine 2 ] r ‘

* 18, lot sire; SF, surface finish: Tol, toberance.
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This is the decision table for the selection of machines for turning operation.

LS <10, LS > 50, LS > 4000. These are the possibilities. Relatively large diameters relatively
small diameters and the surface finish in the range of 16 to 30 mm. These are the possible

tolerance ranges.

There are 4 specific rules. The 4 conditions you have to meet simultaneously. Your choice is

engine lathe.

Your first priority will be the engine lathe and the second priority will be centerless grinding

machine. Similarly, you apply rule 2 and rule 3.



(Refer Slide Time: 23:25)

Determining Machining Conditions and

Manufacturing Times
+ Mathematically, this can be expressed as

bac te
C!f = {:uf + (:ntr' + f'.'“](_{ — + ¢ e
1 { ( p ) t ( T)

* The tool life equation as a function of cutting speed (v) is expressed as

VI"=C

F
.
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If you want to have a generative type CAPP, it is fully automated. Obviously, you have to

create such decision tables.
You start with the manual experience-based process planning.

There are 6 specific steps you have to follow in a sequence to get the process plan and the
process plan structure is also known and the elements in a typical the process plans the

document.

Now, the sixth step is essentially related to determining machining conditions and

manufacturing times.

The performance of the manufacturing system will be affected or will be influenced by the
kind of process plan you use or you adopt. Now, how do you say that among the many
processes plans which one is the best? You have to determine the processing conditions or the

parameter values.

You have to determine the parameter values related to a particular process in such a way that
the production rate is at the highest level. That is one condition you have to fulfill and if the
production in the rate reaches the maximum level, your process plan is the best one at this

point in time.



Another condition you have to fulfill that is the total manufacturing time. It should be as

minimum as possible. The optimal process conditions you must know.

Mathematically, this can be expressed as

t t
C, = cyty + Cotp + oty | — ¢ | —

The tool life equation as a function of cutting speed (v) is expressed as
VIim=C
(Refer Slide Time: 28:21)

Determining Machining Conditions and

Manufacturing Times

Where

¢, = cost rate including labor and overhead cost rates ($/min)

¢, = tool cost per cutting edge, which depends on the type of tool used
C = constant in the toal life equation, VT" = €

v = cutting speed in meters/minute

f=feed rate (mm/rev)

d = depth of cut (mm)
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Where
¢, = cost rate including labor and overhead cost rates ($/min)
¢, = tool cost per cutting edge, which depends on the type of tool used

C = constant in the tool life equation,

v = cutting speed in meters/minute
f= feed rate (mm/rev)

d = depth of cut (mm)
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Determining Machining Conditions and
Manufacturing Times

n = exponent in the tool life equation

t, = nonproductive time consisting of loading and unloading the part and other
idle time (min)

t. = machining time per piece (min/piece)

t,=time to change a cutting edge (min)

t,. = actual cutting time per piece, which is approximately equal to t,
(min/piece)

T = tool life (min) /N
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n = exponent in the tool life equation

t; = nonproductive time consisting of loading and unloading the part and other idle time (min)
t. = machining time per piece (min/piece)

t, = time to change a cutting edge (min)

t,. = actual cutting time per piece, which is approximately equal to t, (min/piece)

T = tool life (min)
(Refer Slide Time: 32:39)

Determining Machining Conditions and
Manufacturing Times

+ Consider a single-pass turning operation. If L, D, and f are the length of cut
(mm), diameter of the work-piece (mm), and feed rate (mm/rev),
respectively, then the cutting time per piece for a single-pass operation is

mLD
te =t = ———

10000 f
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Consider a single-pass turning operation. If L, D, and f are the length of cut (mm), diameter
of the work-piece (mm), and feed rate (mm/rev), respectively, then the cutting time per piece

for a single-pass operation is

. _ wLD
“ = 10000 f

. 7LD xLD v\
Cu = cotr+c, (H)(!()z-_f) oo (1()()0,«_1’) (F) tat
1

o (siaer) @)

te =

(Refer Slide Time: 33:17)

Determining Machining Conditions and
Manufacturing Times

+ Upon substituting these values as well as the tool life equation in the cost
per piece equation, we obtain the following equation.

gt 7LD " 7LD (v)%t N
= Cot1C, @, —|t
= T 0000 f 10000f ) \¢/) ™

I\
A (13&}3) C‘*)
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For a single pass turning operation you determine the total cost.
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Determining Machining Conditions and

Manufacturing Times
+ The feed rate and depth of cut are normally fixed to their allowable values.
Therefore, the cutting speed v is the decision variable.

+ Differentiating C, with respect to v, equating to zero, and solving, We obtain
the minimum unit cost cutting speed (v,,;,) as follows:

Unin = : n i
=L £
[(n—l) : (Cotd t rﬂ)] rol

NPTEL ONLINE PROF PRADIP KUMAR RAY

IIT KHARAGPUR CERTIFICATION COURSES DEPARTMENT OF INDUSTRIAL AND SYSTEMS ENGINEERING
IIT KHARAGPUR




Upon substituting these values as well as the tool life equation in the cost per piece equation,

we obtain the following equation.

D
1000w f

. T LD e T LD ( v ) % —_—
_,, = ¢, <o —
! 1000vf 10000 f c “

(17(;(1)2)151‘ ) (5) !
(Refer Slide Time: 35:09)

Determining Machining Conditions and
Manufacturing Times

* Upon substituting the value of cutting speed in the tool life equation, we
obtain the optimal tool life (T,,,) for minimum unit cost as follows:

te = tge =

N
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The feed rate and depth of cut are normally fixed to their allowable values. Therefore, the

cutting speed v is the decision variable

Differentiating Cu with respect to v, equating to zero, and solving, we obtain the minimum

unit cost cutting speed (v,,;,) as follows:

O — cotrtco T LD ) . LD ) ( ) e
. lOOUu/' 1000w f
T LD 2]

(1()()()l/f> (C)

(&)

[ ()]
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.
Maximum Production Rate Model

* Mathematically, this can be expressed as

ta
Tn = tl an tr‘ i td (T)

* Upon substituting the valugs of T, t,, and t,, in equation we obtain

LD nL.D v\E
h=ht (10001; f) b (maou f) ‘ (E) . f\,
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Upon substituting the value of cutting speed in the tool life equation, we obtain the optimal

tool life (7,,,) for minimum unit cost as follows:

LD <D v NE
= cotitc., (10“0”‘/_ e, (“m()”/.) (&) 7 tar

LD v\ &
“t (1()()(11;/‘) (?)
Loiin — ( 1 ) . (l‘nf.l + =
7w — 1 o
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Maximum Production Rate Model

+ Upon partially differentiating T, with respect to v, equating to zero, and
solving for v, we obtain

Upaz = m

[ 1
Tnee = (—) ta
[\n—1
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*+ And hence,
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Mathematically, this can be expressed as



. 7LD 7LD v\ F
Cu = cotrte, (1(nunvf)+(” (mmmf) (F) tat
1

w LD v\
< (1(]“!)1,'f> (F)
Ty =ty + o+t (L
W=tk te ot (S

Upon substituting the values of 7, ¢, and z,. in equation we obtain

7 oo (D, (LD (U)%t
v\ 10000 f 10000f ) "\c/) ™

Upon partially differentiating 7, with respect to v, equating to zero, and solving for v, we

obtain

(&

1
L — — ) ¢

And hence,

Vire

[any

R T ==

T [Gateg) ]
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Manufacturing Lead Time

*  Assuming that the lot size is Q units, then the average lead time to process
these units will be

Lead Time = Major Setup Time + T,.Q
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Similarly, you can calculate the lead time.



(Refer Slide Time: 36:19)

o ..
List of Reference Textbooks

+ Groover, M P. Automation, Production Systems, and Computer
Integrated Manufacturing, Third Edition, Pearson Prentice Hall, Upper
Saddle River

* Groover, M P. and Zimmers, E W Jr. CAD/CAM: Computer-aided Design
and Manufacturing, Prenitice-Hall of India Private Ltd.

+ Singh, N. Systems Approach to Computer-integrated Design and
Manufacturing, Wiley

NPTEL ONLINE Prof Pradip Kumar Ray

IIT KHARAGPUR CERTIFICATION COURSES Department of Industrial and Systems Engineering




