MANUFACTURING SYSTEM

Planning Manufacturing Systems.  When planning manufacturing systems, the degree of
automation that can economically be justified must be considered. Experience has shown that the
most successful ones are those which are not fully automated.

I. Group Technology
I1. Process Planning
I11. Production Scheduling

Group Technology (GT) in Manufacturing
® Partsin the medium production quantity range are usually made in batches
® Disadvantages of batch production:
4 Downtime for changeovers
€ Highinventory carrying costs
® GT minimizes these disadvantages by recognizing that although the parts are different, there
are groups of parts that possess similarities

Overview of Group Technology in Manufacturing

® An approach to manufacturing in which similar parts are identified and grouped together in
order to take advantage of their similaritiesin design and production

® Theimprovement istypically achieved by organizing the production facilities into
manufacturing cells that specialize in production of certain part families

® GT can beimplemented by manual or automated techniques

® \When automated, the term flexible manufacturing systemis often applied

I. Group Technology
Definition: GT isamanufacturing concept in which similar parts are grouped together in parts
groups families.

i). Intheir Design characteristics (differ in the production processes)

#1 #2
Cold rolled steel Aluminum
tolerance: +£0.0125¢ +0.003"

Finish: Two coats primer  Sand & Puff

_r‘% -75D ﬁ 75D

ii). In the manufacturing processed required to produce them (differ design)
GT exploits the part similarities by utilizing similar processes and tooling to produce them
#1 #2
Materia: SS SS
Tolerance: +0.002" +0.002"
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Part family concept

® A part that has been designed for manufacturing usually has to be produced by severa
succeeding manufacturing operations. If there is a large spectrum of parts to be produced, it
will be necessary for workpieces to share common processing equipment.

® |t is advantage to group parts together to families either according to their geometric
similarities or to similar fabrication methods.



® A change of parts would only require a new part program to generate a new contour. The parts
form a design family, they are similar in design, and in this case can also be produced by a
similar manufacturing process.
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® The cubical parts which are not very similar any more; however, they also form a production
family and can be made on the same multi-axis machining center.
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® Thedissmilar parts requiring at least one common process, which is to drill four holes. In this
case, the other processes needed to shape the part would have to be done with different
machine tools. These parts are typical for companies producing a wide spectrum of products.
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® Two completely identical designed parts, one made from plastic and the other from steel. The
manufacturing processes would be injection molding for the plastic reel and turning for the
metal reel. In this case we have a common design family; however, the production processes

Matl © Plostic Matl. : Steel

® |If the parts were to be manufacturing according to group technology considerations, the plant
would have to be realigned.
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® The production process assumes a flow line operation with machine tools located in the flow
line where they are needed. It can readily be seen that intra-plant transportation is minimized.
Setup operations and tool changes are a so reduced.

Waysto Identify Part Families

1. Visual inspection - using best judgment to group parts into appropriate families, based on the
parts or photos of the parts

2. Production flow analysis - using information contained on route sheets to classify parts

3. Parts classification and coding - identifying similarities and differences among parts and
relating them by means of a coding scheme

Classification Procedures

® \With group technology the workpieces and machining operations have to be classified. This
implies that a suitable method of coding must be found which can easily be used for manual
method or computer-aided classification procedures.

® With the manual method the description of parts and processed are cataloged. When a



workpiece is scheduled for production, a catalog search is made to find a suitable
manufacturing process and sequence.

® When the computer is used, the information about the part and the fabrication process is
stored in amemory peripheral and the manufacturing data are retrieved automatically.

® One of the main difficulties for coding is to decide which parameters are important for
classification. No rigid rule can be given since the parameters may vary, depending on the part
spectrum. A common practice is to separate r otational from non-rotational parts.

® C(Classification by shape usually determines the manufacturing process, whereas the function is
of interest to the designer. If a part that has similar functions is already in existence, the
designer does not have to duplicate it.

® Theresult of an industry survey where different parameters for typical workpieces were ranked
in order of importance. The most important ones are candidates to be included in a

classification system
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Comparative rankings for major parameters
® Example: A similar study with sheet metal parts. The magor shape, the material, and the
material specification had the highest ranking.

IR

O
S ” ﬂ Mn

EEAAEO

Comparative rankings for major parameters

Other Classification Consideration:

® For classification there are also many processing parameters that must be taken into
consideration. This means that the types of processes within the plant and their limitations must
be known.

® Tool changes and setup times usually add considerably to processing cost. Similarly, the
number of machining sequences should be kept to a minimum. The entire machining operation
should be controllable by one operator; otherwise, difficulties may be encountered during
rescheduling of production runs.

® One of the most difficult tasks is to balance the load of available machine tools. In adverse
conditions it may even happen that most operations are done on only a small number of
machine tools and that the rest of the machines are underutilized. This may require an unduly
large effort to balance machine tools.

® There are many parts that cannot be handled by any known classification method. It is
important to perform economic studies when group technology is introduced and to limit its
application to parts that can be grouped together in afamily reasonably well.




Product

Part family

A structured bill of materials and common part families *, no part family found.
® In this example group technology can be applied to only about two-thirds of the parts at the
lowest level. This figure shows the importance of investigating the entire product spectrum.

Classification and Coding:
1. Design Attribute Group

® Dimensions

® Tolerances

® Shape
® Finnish
® Materia

2. Manufacturing Attribute Group
® Production process
® Operationa time
® Toolsrequired
® Fixturesrequired
® Baichsize
3. Combined

Benefits of Classification:

|. Engineering
Reduction of number of similar parts
Elimination of duplication parts
Identification of expensive parts
Reduction of drafting efforts
Easy retrieval of similar functiona parts
Identification of substitute parts

quipment Specification and Facility Planning
Flow line layout of production equipment
Location of bottlenecks
L ocation underutilized machine tools
Reduction of part transportation times
Improvement of facility planning
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I1l. Process Planning
® Reduction of number of machining operations
® Shortening of production cycles
® |mprovement of machine loading operation
® Easier prediction of tool wear and tool changes

V. Others

Code Number System:

Ident itication Classification

| HEE

Typical structure of a part number.




3 basic code structure used in GT applications
1. Chain-Type Code Structure (Polycode)

Position 1 2 3 4 5 6 7 8

[ , , I l I l { I-—Positmn value

depends on the
code alphabet used

Material

Matl. form
Matl. property
Bonding method

Tolerance ez
Surface finish

Test method

Special requirement

2. Hierarchical Code Structure (Monocode and Tree Structure)

Position 1 2 3 4 5
value li l l I l l
0
Example 0 1
(Vole range 0-9) 1 2
2 3
3

w0

Combingtions 10° ' 102 10

3. Hybrid Code Structure

Some of the important systems
® Opitz classification system — the University of Aachen in Germany, nonproprietary, Chain

type.
Brisch System — (Brisch-Birn Inc.)

CODE (Manufacturing Data System, Inc.)

CUTPLAN (Metcut Associates)

DCLASS (Brigham Y oung University)

MultiClass (OIR: Organization for Industrial Research), hierarchical or decision-tree coding

structure
® Part Analog System (Lovelace, Lawrence & Co., Inc.)

Basic Structure of the Opitz Parts Classification and Coding System

Digit

Description

1

w

O 00 O

Part shape class: rotation versus nonrotational Rotational parts are
classified by length-to-diameter ratio. Nonrotational parts by length, width, and
thickness.

External shape features; various types are distinguished.

Rotational machining. This digit applies to internal shape features (e.g., holes,
threads) on rotational parts, and general rotational shape features for nonrota-
tional parts.

Plane machined surfaces (e.g., flats, slots).

Auxiliary holes, gear teeth, and other features.

Dimensions—overall size.

Work material (e.g., steel, cast iron, aluminum).

Original shape of raw material.

Accuracy requirements.




1. TheOpitz Classification System (Developed by the Technical University of Aachen): the
code number has a maximum of 13 positions. Each position may assume 10 different values
(attributes).

Basic structure of the Opitz system

1 2 3 45 6 7 8 9 A B C D
Form Code Supplementary Secondary Code
Code

e Form code: describes the primary design attributes of a part
e Supplementary code: describes manufacturing related attributes
e Secondary code: more detail of manufacturing attributes

Form code Special code
Digit 1 Digit 2 Digt 3 Digit & Digit 5 Digits
Part dass Main shape Rotational Plane surface Addijtional holes 6 7 8 79
machining machining teeth and forming
0 L/D £ 05
— N Internal i
xterna erna | _{Madhining || Other
1 05<L/D<3 || ehape |—{ shape |3 of plane” | 1 holes and
— ] element |1 element } JYsurfaces | | teeth n
2 [g| wo=>3 [ 5
- E
3 :E_, With deviation E
5] :
2 D2 ‘\‘ Main Rotational |— Mfm:f;mrng | __| Other holes 2
- " - Ini 1 of plane teeth and =4
With devigtion shape machining — : 2
4 /DS 2 L1 | surfaces |—] forming <
p -4
ial i
I [T gl |5
] AB < 3 ./ HAEE
AC = 4 s{s|lE|s
mE Main Main bore 1 [Machining || Other hotes Els| 2|2
5 L — =4
75| am >3 shape and rotationall— of plane }—]  teeth and alzpe
£ machining || surfaces [~ forming
s A/B £ 2
=)
8lel ac < ¢ [~{ Man
— < shape
9 Special
Digit 1 Digit 2 Digit 3 Digit & Digits
Part clos External shape, Internal shape, Plane surface Auxiliary holes
art class
external shape elements internal shape elements machining and gear teeth
Smaeth, no shape No hole. No surface i
L/D=0.5 0 0 Q . i} No auxiliary hole
elements no breakthrough achining
No shape No shape Surf:::\":;a?ne :nn:for Axial, nat on pitch
05=L/D=3 1 elements 1 elements 1 1 circle diameter
® direction, external
— @ — SR
2 & External pl f
xXiernal piane surface .
£ LiD=3 2 8 Thread 2| £ Thread 2 | related by graduation 2| §| Axialon pitch
5 = Ele lea i i v 9 3 circle diameter
a o|E 5 & around a circle =
5 — ¢ g 1 = @ —
5 ol % - . g & & Radial. not on
- " als unctional 3 uE; o Functional 3 External groove 3 a pitch circle
5 groove groove and/for slot L hbed
. Axial and/or radial
. No shape . No shape . External spline L and/er ather
@ elements E elements {palygen] direction
c @ -
— — § —
£ g External plane surface Axial and/for radial
518 Thread 5|2 Thread 5 andfor slat, 5 on PCD and/or
& £ external spline other directions
- — 3
3 -
. 6 ;ri Functional 6l & Functional 5 Internal plane surface 5 Spur gear teeth
- greove groove and/or slot
Internal spline "
7 § 7 Functional cone 7 Functional cone 7 [ polygon) 7 % Bevel gear teeth
a 2
— 5 —
5 Internal and external §.
8 g B Operating thread 8 Operating thread B palygon, groove LN Other gear teeth
g and or siot =
g || =
— =
9 All others 9 All others 9 All others 9 All others

Form code for rotational parts of the Opitz system
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I_Form code [1|2|1|3[2]

Part class: Rotational part
L/D=0%S 1

External shape. Asymmetrinully.
ascending  stepped
threod

Internal shape : Smooth or asymmetrically
ascending  stepped

Surface machining: Externat slot _—

Additional holes: Evenly spaced
along bolt circle

Example of Classification of a rotational part

A-A

r _203*;8** -

p—— 425 (A)——=

l Form code lﬁlsl:’.]!.!'_!]ﬁ]ﬂl?lﬂl

Nenrotational, flat,
A/B £3 AIC =4

Flot, small deviations
from casting

Main bores are parallel =4

Plone stepped surface

Drilling pattern for holes
drilled in one direction

Edge length A > 400 = 600
Mati.: Cost iron

Internal form:
Cast

Surface finish :
Nene

Example of Classification of a square cast-iron flange classified by the Opitz system

Possible ambiguity with a coding system
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Matl .: Nodular cast iron Matt : Gray iron

Code : 14700 1002 Code : 14100 1002



2. CODE System (Developed by industry and is marketed by Manufacturing Data System Inc.)

BASIC CHART m
CONCENTRICS

OTHER THAN PROFILED

MAJOR
DIVISION

SECOND THIRD FOURTH FIFTH SIXTH SEVENTH EIGHTH
3 HOLES MAX O.D MAX
7 GROOVES S RALL
0D OR SECTION | CENTER HOLE lather than THREADS MISCELLANEQUS ‘or mction
canter hole| scroms Hats LENGTH
- f
0 OTHER THAN OTHER THAN OTHER THAN > [ — P s
OTHEA THAN DTHER THAN OR NONE OR NONE 08 NONE . i
CYLINDER MONE LONGITUDINAL __| GROOVE 51" concenTRICIN T 10 I 1.00
1 L & Nl omner than Tt | exipenal S| vanarions |l 1 1.,
N Oy Joo ccte 8 %" 4 b L
CYLINDER sinGLero ' AADIAL GROOVE 15t sraTAUSIONISI'® 0] 1 16 1.00 | 1.60
2 Ml congave thiss qong round == | imternat [rp— o 2 5 bl 2 e
dae 2y h
! 1
EYUNDER sinGLe D' 16 | oz Freo
3:Mw B 182 &7 182 e 3'4-1!‘
; 1
CYLINDER sinGLE1D 'Y aamap '8 Py pu T
4 mul(-:om(l-'cy thrw gerng @ othes Than (‘/é on tare 15l w
threaded rour 9
CYLINDER sinoLe 10 e !ra
5 it var bl blind 184 b i : joid
threaded -
CONE muLtiio @
G wngle (? thru aoing @ 7
CONE muLTirp pa ;‘ S
7 muin tland ﬁag & aow
comen : L
1 P
DOUBLE MULTII D SOLY CIRCLE THAE ADS Frar e
8 CONVEX "y goIng m WG an 00, B, e
threaded teoles 04 tate) e ec T
SPHERICAL MULTE "
9 mav»on@ b
"
[CYLINDER
max saction
Al
" . © uDs!
AR el 19T
1S ey
Cross section
Af= A-A
Key way [ — Flat
é a —\4.
‘‘‘‘‘ Gm E
| . : - 700 — | |
Ars

[ Form  cade l'lzlilalslc]7ls
_

Part class

Cylinder, multiconvex
No center hole

More than 2 holes
or slot

Threod on outer diamcter e

Flat key way -
oD > 1222
Length, > 44 £ 72

Example of aworkpiece coded by the CODE system

3. MICLASS System (Developed in the Netherlands): the abbreviation is derived from the name
Metal Institute Classification System.

Developed to help automate & standardize a number of design, production and management
function.

These include;

e Standardization of engineering drawings
e Retrieval of drawings according to classification

Standardization of process routing
Automated process planning

Selection of parts processing on particular group of machine tools



e Machinetool investment analysis etc.
The System consists of 30 digits (maximum)

1 2 3 4. 12 13 14 15 ... 30
Universal Code Soecial Code
(for any part) (for any company or industry including lot size, cost data,
time, operation sequence, €etc.)
The structure of theMICLASScoding system
9 10 1 12 13 14 15 ?6'!7 IBIWS . . 21]
Basic fcrm

Primary dimchsms
Tolerance finish
Material

Lot size

Secondary dimensions

General manufacturing operations

Supplementary design and mfg. information

e Basic form: Basic shape (1), Shape element (2 & 3), Location of the shape element (4)

e  Supplementary design and mfg. information: Number of outside diameters (19), Number of
inside diameters or specific shape (20), Rotational grooves or knurls (21), Close tolerance diameters
(22), Splines (23), Gears (24), Sprockets (25), Pitch diameter/diameter pitch (26), Number of teeth

(27)

An example of coding a part using the MICLASS system

ENTER THE CLASSIFICATION ROUTE (1TO 9) +1

3 MAIN DIMENSIONS (WHEN ROT. FART DL AND 0) :2.9375,2,0 DEVIATION OF
ROTATIONAL FORM NO
CONCENTRIC SPIRAL GROOVES :+ NO

TURNING ON OUTERCONTOUR (EXCEPT ENDFACES) -YES

SPECIAL GROOVES OR CONE(S) OR PROFILE(S) ON OUTERCONTOUR ..::NO
ALL MACH. EXT. BEAM. AND ROT, FACES VISIBLE FROM ONE END (EXC.
ENDFACES + GROCVES) :=YES

TURNING ON INNERCONTOUR ::YES

INTERNAL SPECIAL GROOVES OR CONE(S) OR PROFILE(S) *NO

ALL INT.DIA. + ROT.FACES VISIBLE FROM 1 END(EXC. GROOVES )YES ALL
D1A. + ROT.FACES VISIBLE FROM ONE END (EXCL. ENDFACES :?YES ECC.
HOLING AND/OR FACING AND/OR SLOTTING :AYES

ON INNERFORM AND/OR FACES (INC. ENDFACES) YES ON QUTERFORM NO
ONLY ENCLOSE[, INTERNAL SLOTS *NO ECC. MACHINING ONLY ONE SENSE 'Y

ONLY HOLES ON A BOLTCIRCLE (AT LEAST 3 HOLES) ::YES FORM-OF
THREADING TOLERANCE .,NO

DIAM. OR ROT. FACE ROUGHNESS LESS THAN 33 RU (MICRO-INCHES) .,YES
SMALLEST

CLASS .NR.= 1271 3231 3100 0000 0000 0000 0000 0C

Pres s tr e s P ol B o000 e i bt b et

DIGIT TO CHANGE >

CONTINUE (Y/N)>N

TTO - STOP

>

[e——210/16 dia——————>

1.9602 dia

1.6675

1.5750 dia
1282[3

[t ———— =

rl/lﬁ
!

25 l 25 D/
‘T’ |
1
7l ‘ 7
1 ! / N7
| Al
. I i _r
:j» 1/4 dia
7/16 dia
DRAWING | TOLERANCES | MATERIAL
TITLE Fractional - 1/64 CC15
BUSHING 125 (2§/)
DRAWING NO:| Decimal - 0.003 \/
ALL OVER
9 EXCEPT AS
NOTED

4. MultiClass — developed by the Organization for Industrial Research (OIR)
First 18 digits of the Multiclass Classification and Coding System



Function

Code system prefix

Main shape category

Externat and internal configuration
Machined secondary elements
Functional descriptors
Dimensional data (length, diameter, etc.)
Tolerances

Material chemistry

Raw material shape

Production quantity

Machined element orientation

MultiClass Coding System example — the rotational part design

0.352 £ 0.003 dia
© A0005T.IR.
5/16-18 UNC 2A (2)
© A0010dia +0.000

0.015 " 510 R- @)

l 0.005 R max (2) \ L
-t ——— 30—

+0.003 | +0.000
0 0.020TIR. | 0029 (000" ._~—— 0.080 " 'ag
_A-
——\ [—0.030 x 45° (2)
< 0.800 0.53 [«
| 11.865
12.93
MultiClass code number for the rotational part
Dimensions
General Production
manufacturing Material quantity
operations chemistry
Function Tolerances /\ Material
. shape User defined
asic
form | Tool axis /’\
Prefix complexity
code ‘
Position 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 ..

Code | 1 2 7 0 0 4 1 1 0 5 7 0 0 8 2 8 2 1 0 3 5

’. Axle Length: Round ’ Threads per
Machined 12511300 n. bar inch: 16
parts/sheet No secondary -

stock
metal code elements (holes, Thread
lots, flat: d i i : K
Round part, s ;;ace:as s,e;:: ;ve In&de;(i)ﬁ:)eter. High-strength 26-57 | diameter:
all diameters No T steel 5/16 in.
visible from inside
one end diameter e i No slecondtary
. Outside diameter range: S clemen
One Wachmed 0.251-0.371 in & concentricity orientation
OD visible from ) : ) tolerance
each end and <0.01

a groove

5. DCLASS System

® |[tisadecision-making and classification system.

® |t is a tree-structured system that generates codes for components, material, processes,
machines, and tools. Each branch of the system represents a condition in which a code is
formed at the junction of each branch.

® The complete code is obtained by taking multiple passes in the decision tree.

® Sample of DCLASS code representation



8 - Digit Code

B 3 1 = 2 |— 3 |- 2 H A|1
Basic Shape Form Size Precision Material
Features

Genera Code (AA BC DD)
® The code is a numerical code of constant length and is divided into two groups of six digits
each:
XXXXXX — XXXXXX
General Code  Specific Code
® Thefirst digit (AA) has 10 possible values, the second and third digits (B and C) are combined
to give 99 possible subclasses of each item classified, and the last digit (DD) in the genera
code has 10 possible values.
® The general code gives a genera description of the part, the type of operation it performs, and
other specifications that uniquely identify the product.
Specific Code (XX X X X X)
® The specific code gives us a more detailed description about a part by classifying it into
subclasses.
® Some parts do not need al 12 digits. The extra digits are reserved for possible future
expansion of the company of the company line of products.

Method Used for the Proposed Classification System
® Thefirst step taken in designing the proposed classification system is to break down al of the
company’s components or parts into eight major design classes as following:
Designed piece parts
Designed assemblies
Designed products
Purchased piece parts
Purchased assemblies
Purchased products
Raw material
. Miscellaneous

Division of adesign class into subclasses

N O~WDNE

1. Punch and Die Assemblies

2. Housing
1. Presses
2. Special Machines
3. Punch and Die Units
4. Adapters
5. Feeders
. . 6. Dischargers

1. Designed Piece Parts 7. Locators

2. Designed Assemblies — 8. Stands

3. Designed Products

4. Purchased Piece Parts 1. Punch and Die Assemblies

5. Purchased Assembliesﬁ 2. Housings

6. Purchased Products 3. Hydraulic Power Packs

7. Raw Material 4. Pressure Intensifiers
8. Miscellaneous —— 5 Pipe Fitting

1. Presses

2. Special Machines
3.Tube Nibblers

4. Abrasive Belt Coopers
5. Saws

1. Steels |
L 11 Tooling |

Construction of a proposed code



Code Number: 20102 1-01 1 4 5 1
Digit Signifies
Options:
Designed Assemblies Standard Without Drain HC
Punch and Die Assembly Workpiece Gage: 40 (Std.) Gage
Notching Operation Workpiece Actual Size: 1/2 in.
Workpiece Type: Pipe Workpiece Size Range: Under 1 in.
Type of Die

Benefits of a Well-Designed Classification and Coding System

Facilitates formation of part families

Permits quick retrieval of part design drawings

Reduces design duplication

Promotes design standardization

Improves cost estimating and cost accounting

Facilitates NC part programming by alowing new parts to use the same part program as
existing parts in the same family

Computer-aided process planning (CAPP) becomes feasible

Types of GT cells

Winele s iniba __ Cinela mmankine — Wl 1inite Machines

YYUIRn Wiins r Qlllulu‘ niasi e ¢ WU WD / \
ocoe eee cce oe ee ses
—>»|Man. | ——— —| Man, | —»| Man. | —>| Man. | —

—_— —_—
09| © (] (] ] Q0[ [ ] 1
Man. Man. Man. |_ _| Aut. Aut. Aut.
Machines~"
W W Wy
\L&q'— s
Workers
(c) (d)
o— Machines
Parts in —\ Aut, Aut, Ault.
. —
000
ot —
UL v
.
ogoo—n -~ | |
L A= e
Parts out f Aut. Aut. Aut.
]

(e)
(a) Single machine
(b) Multiple machines with manual handling
(c) Multiple machines with mechanized handling
(d) Flexible manufacturing cell
(e) Flexible manufacturing system



Factory Flow Analysis

-The parts are assigned to groups that require the same routing through the machine shop.
This implies that parts may be of different design; however, they must be made by the same
sequence of processes.

-If the group technology and factory flow analysis are combined during the plant layout,
efficient manufacturing routes can be established and maintained, as long as there is no
change in the part spectrum or the design of the part.

-This method also requires a very through knowledge of the part spectrum which can be
grouped together, and the available processes.

-The use of the algorithm will have to be done with the help of a computer, and shown with
the help of following figures.

MACHINE NO. R

P?gT 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 m
1 e X X X 4
2 X x X X X 5
3 X X X X 4

-4 X X X X 4
5 X X b X e 5
6 X X X X X 5}
7 X X X X X 5
8 X X X X X 5
9 X X X X 4
10 X X X x X 5
n 33 3 3 3 3 2 3 4 3 3 3 3 4 3

Unsorted factory flow matrix.

1. Count the number of entries x in each column. Record these numbers. Count the number
of entries x in each row. Rearrange the matrix with columns in decreasmg order of m and
rows in increasing order of n, respectively.

2. Take the first column of the new matrix and move all rows that have an entry x in this
column to the top. Repeat this procedure with succeeding columns until all rows are
rearranged.

. If the current matrix an the one that preceded it are identical, go to 6; otherwise, go to 4.

4. Take the first row of the matrix and move all columns that have an entry x in this row to
the leftmost position. Repeat this procedure with all succeeding rows until all columns are
rearranged.

5. If the current matrix and the one that preceded it are identical go to 6; otherwise go to 2.

6. Stop

(U8

MACHINE NO

PART l4 9 15 13 12 11 10 8 6 5 4 3 2 1 7 m
NO.
9 X X X X 4
4 X X X X 4
3 X bs X ) X 4
1 X X X X 4
10 X X X X X 5
8 X X X X X 5
7 X X X X X 5
6 X X X X X 5
5 X X X X X 5
2 X X b4 X X S
n 4 4 3 3 3 3 3 3 3 3 3 3 3 3 2

Result of the first grouping.
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MACHINE NO.
15

14 9
X X
X X
X b ¢
X b4

X

13 12

X

X

X
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X

11

X X

10
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Result of the second grouping.
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MACHINE NO.
14 9 ¢

X X X

b4 X

X X X

X X X

1 153

X

X

X
X
b
b 4

13

b

Result of the final grouping.
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