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Abstract: The paper deals with issues of cdlular process planning in the environment of multi-
station production facilities incorporating burnishing technologies. The approach to manufactur-
ing process synthesis assumes multiple choice of process alternatives. It is based on the iterative
clustering algorithm ALCA and resour ce el ements RES, meant as basic grouping primitives as well
as a unique method for detailed analysis and validation of generated design solutions using fuzzy
logic based decision support. Experimental results verifying its usability in industry related to a

specific case with burnishing processesare also included.

INTRODUCTION

In today’ s competitive markets the success of amanu-
facturing company depends on its ability to imple-
ment flexible automation solutions and production
strategies based on it according to dynamic changesin
product demand and \ariety. One way of achieving
high manufacturing flexibility and responsivenessin
companies is by extending processing capabilities of
their existing facilities [3]. Applying burnishing tech
nologies integrated with turning on CNC lathes gives
theopportunity for accomplishing the idea since these
can be introduced as parts finishing processes
(smoothing burnishing-SMB) — replacing grinding as
well as surface plastic working, leading to the in
crease in hardness (up to 45 %) of component surface
layer (strengthening burnishing-STB). Surface hard
ening of 0.8-1 mm in depth gained with STB, compa-
rable with traditional methods of heat treatment by
carburisng & quenching or by induction surface
hardening, is of great vaue in the view of required
operating characteristics of such partsas, e. g.: piston
rods, driving shafts and torsion bars [4,5]. The &
composition of production facilities into efficient
group technology (GT) based cdls, fulfilling the
above mentioned requirements is of specia vaue due
to significant, well documented performance benefits
which cellular manufacturing can offer. The benefits
arein particular associated with possible reduction in

production lead times, work-i n-progress, labour, tool-
ing, set-up — and down-times, the number and costs of
transport qoerations, better machine utilisation, the
improvement of the overall productivity of ashop and
the smplification of process control agorithms
[1,6,7]. Due to the indicated performance benefits
offered the concept becomes also an inseparéble ele-
ment of Just-In-Time strategies [5,6]. Many methods
have been developed to facilitate the process of cell
determination however most of them show unsatisfac-
tory performance [2,3].

1. MACHINING SYSTEM OVERVIEW

The research addresses the issue of cellular manu-
facturing of mainly shaft-type parts of 20-100 mmin
diameter within a facility incorporating burnishing
technologies. In the case considered the machining
shop comprises 4 CNC machine tools available for
selection in the cell determination task. Their proc-
essing capabilities are highly differentiated owing to
the machining equipment and mainly used with
burnishing processes.

2. THE APPROACH TO MODELLING
CELLULAR PROCESSLAYOUT

The developed approach to cellular process decom+
position assumes multiple choice of processing rout-
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ings for parts of a definite spectrum in terms of
available machine variants. This is proposed instead
of the use of pre-determined part-machine assign-
ments, as noted in traditional applications of GT or
production flow analysis (PFA) techniques [1,3,7].
The approach utilises a unique method for manufac-
turing knowledge description and the synthesis of
optimised solution is carried out using fuzzy logic
based decision support.

2.1. Process knowledge r epresentation

Two interrelated levels of process capability rep-
resentation are considered: a generic level where
processes are described independently from the
machines on which they may be executed and a
facility level where the capability is described in the
context of a definite machining facility. At the ¢
neric level the process knowledge is represented by
part transformation schemas (TSs) resulting from its
shaping abilities on CNC machine tools (MTs), as
given in detail in [5,7]. Considering the specific
features related to burnishing technologies the trans-
formation schemas TS are defined in broader
technological meaning as a combination of tool
features, the kind of its contact with part surface
worked, part related input conditions (materia
Rockwell hardness — HRC, part denderness ratio —
L/d, etc), the objective of the process and
technologica output factors (tolerance target value,
roughness parameter - R,, the increase in hardness -
DH). In particular the nomina technological output
may be associated with the use of different
kinematics form of working method. The objective
of the process can be in turn related to the remova

of alowance volume (part shaping processes while
Table 1. Generic kno

processes while machining) as well as to smoothing
part surface or its strengthening.

The individual TS discerned in the specific process
capability description model incorporating burnish-
ing technologies are compiled in Table 1. Part trans-
formation schemas are not referred to a specific
machine tool but can be utilised to provide a gener-
dised description of its relevant capabilities and
consequently relate them to part processing require-
ments.

Hence the process capability of a particular machine
M, included in a shop can be therefore represented
asthe vector:

Mk =My Moy My ,Mkl M Q)

where: m=1, if SGPC s (i=1,2,...,h) can be per-
formed on the machine k, m,=0 if otherwise, and h
means the total number of distinguished SGPC.

At amachining shop level the process knowledge is
represented by the so called resource elements— REs
[3,5]. REs are assumed here as sets of TSs that g0
pear jointly in each machine with the same degree of
membership. As a result the exclusive machine ca
pability boundaries and the shared boundaries
among machines in a specific facility can be
uniquely defined. The distribution of REs withina
shop is determined by iterative clustering procedure
using the frame:

IF " M T M:mg =my 2
THEN cluster s,s; together.

edge model of process capability ( TS definition)

Scheme for generating processing characteristics| Workpiece —related Code Objective of the Nominal techno-
input conditions process logical output
T ) Turning preceding
no special the burnishing process Tol.: IT 7-9
constraints S, (exoept for R=125-2.5
thescheme S)
HRC=20-30, L/d=1-5 s, STB DH=30-45%
HRC=20-45, L/d=1-8 S5 SVB R,=0.32-0.63
HRC=20-30, L/d=1-9 S, DH=20-30%
HRC=30-60, L/d=1-9 s STB DH=2-20%
HRC=20-30, L/d=1-12 S R.=0.08-0.63
HRC=30-60, L/d=1-12 S; MB R.=0.16-0.63
HRC=20-40, L/d=10-15 Sg STB DH=35-45%
HRC=2045, L/d=10-15| s, SMB R.=0.16-0.63
HRC=2045, L/d=15-20| s, SVB R.=0.16-0.63

Note: T- longitudina turning, RB- rolling burnishing, SB- sliding burnishing, RHB- rolling head burnishing, T& RHB- simultaneous
turning and rolling head burnishing; DH- the increase in hardness




Relevant specification of REs within an exemplary
shopisshowninFig. 1.

CNC1 CNC2

RE4
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CNC3 CNC4

Fig. 1. Specific facility capability (RE definition)
2.2. Planning optimised cellular process

Modelling the process capability of a shop in terms
of REs accepted further enables in turn the forma
tion of the binary component-REs incidence matri-
ces (Table 2), used by the processing program based
on the iterative average-linkage clustering ago-
rithm-ALCA [1].The initid cluster of REs in cell
decomposition is formed by caculating a pairwise
similarity coefficient for al the REs available in the
shop using the formula:

_ a

L = T hve 3

where: L — similarity coefficient between R and R;

a number of components common to both RES; b and
¢ - number of componentsthat requireonly R or R.

The consecutive clusters are obtained calculating
average similarity coefficients for groups of REs i
and j defined as:

4)

where: §;- the sum of pairwise coefficients between
all members of the two groups; N;, N, - the number
of REsin groups i andj respectively.

This stage of the scheme, associated with iterative
clustering of REs, assumed as a basic grouping
means and related to individual parts of the spectrum
manufactured within a shop, is followed by the the
stage of analysis and validation of obtained cluster-
ing results where the boundaries of cell units are
defined in terms of REs and REs belonging to each
cel are trandated into physica manufacturing
equipment.

The validation criteria of the stage, used in decision
making are formally defined as:

maximum compactness of the formed cell units
in terms of capability,

minimum overlapping of the formed cell unitsin
terms of capability (minimum number of REs
shared/number of repeated machines).

The final stage of the scheme is associated with the
alocation of part types to determined cells and the
sdlection of routings for a part mix, using decision
rules based on fuzzy relations[2,5].

In this context, the following validation criteria, listed
in the sequence of their priority, are due to be met:

minimum part transfers (transport flows) among
determined cell units,

optimum level of concentration of different g
erations on related work centres [ 6],

minimum reversible part transfers within cell
units (or their possible elimination to ensure the
flow-type process) [7].

Table 2. An exenplary part-REs incidence matrix

Representative part types
A|B|C|D|E|F|G|H|I1|J|K]|L

RI[1]1|1 111
R1 111|1|1(1 1

R2Z11]1|1
R3 1/1]1]1]1
R4 1|1
R5 11

Avalade REs

Note: R1, R1' -RE1 available on CNC1 and CNC2
respectively

3. A CASE STUDY AND RESULTS

The systematic approach with ALCA algorithm has
been tested using data from industria practice. The
case illustrated in this research is based as men-
tioned above on an exemplary machining facility of
4 CNC turning work centres and a representative
spectrum of 24 different part types. Applying the
algorithm to the case (Fig. 1, Table 2) yields a crisp
bresk-up of individua REs to two cells, without
overlapping between them. The machines CNC 2
and CNC 4 are clustered into CELL 1 and the re-
maining two into CELL 2, with no machine repeti-
tion in the cells. The intermediate results of the cel-
lular process decomposition with the ALCA ago-
rithm are shown in the form of dendrogram in Fig. 2.
It provides a more descriptive means of their presen-
tation. The similarity coefficient scale has a range of

no overlapping of cells

O - e 1
0.07 machine repetition) :
0.2 *

o _ Rm

R2 R4
CELL 2

0to 1.0 here and is outlined on the ordinate.

Initial (0.83) and average
similarity coefficients
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Fig. 2. A dendrogram for clusters obtained with the
use of the ALCA algorithm

The detailed results of cellular process synthesis,
including the allocation of part-types to the relevant
groupings of REYmachines, accomplished with the
use of the clustering method based on REs and fuzzy
logic based decision support, areillustrated in Fig. 3.
The optimum solution of the relaed tasks for the
illustrative example is decided by the analysis of RE
clusters and proposed methodical process planning
based on given sets of validation criteria. As seen
the design solution gained is characterised by a crisp
assignment of individual pat types to the deter-
mined machining units, with no overlapping be-
tween them. This also means the avoidance of the
inter-cellular transport flows of partsin the system.
Optimised design solution for cellular process a-
ganisation within the machining facility considered
is additionally presented in Table 3 in the form of
the resultant incidence matrix: part types — related
machine tools, with the entries indicating the opera-
tion number in relevant process routings.

Additional case studiesrelated to multi-station mechi n-
ing facilities, including the use of burnishing technolo-
gies, performed so far with extended spectrum of
rotational part types, confirmed the efficacy and practi-
ca usability of the methodology under development.

1% set of RES/
machines

Fig.3. Celular process synthesis results with part
types mix allocation

Table 3.0ptimised design solution of cellular proc-
esswith detailed part types routings

FMCell No. FMC1 FMC2
Part- Machine tools
types/families | CNC2 | CNC4 | CNC1 | CNC3
1
1
1
1 2
1 2

QMmO |a|(—[O|m|>

N

H 1
K 1 2
L 1

4. CONCLUDING REMARKS

The proposed methodology enables effective struc-
turing cellular type processes, considering multiple
choice of part routings. It gives the possibility for
extensive studies of related issues of discrete process
planning. Its utilisation yields design solutions that
unguestionably outperform the ones produced by
human planners and thisis of significant value espe-
cidly in cases, where vast sets of data have to be
processed.

Experimentd tests carried out so far have shown the
industrial adequacy of provided process solutions. In
virtue of the analysis of experimental results gained
it can be ascertained that incorporating burnishing
technologies, extending the process capability of a
manufacturing facility and giving the opportunity for
concentration of machining operations leads to
proper balancing the workload between cell units
and ensures better machine utilisation.

The developed models of process knowledge descrip-
tion are of greater flexibility for decision making, cor-
responding with specific needs of an enterprise. Owing
to this the potential benefits resulting from the use of
cdlular manufacturing concept can be achieved to
considerable extent. Further research aims at the devel-
opment of the proposed framework consdering the
specification of part related data, such as eg. machine
ing timesand variability of production volumes.
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