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A METHOD OF QUALIFICATION OF PARTS FOR PRODUCTION
IN A FLEXIBLE MANUFACTURING SYSTEM

The paper presents a method for the qualification of parts for production in a flexible manu-
JSacturing system (FMS) with no need of developing technological processes of their machining. The
Seasibility of machining of a part is determined on the basis of its technological complexity. The
machining of a part in FMS is justified when its technological complexity is not lower than the
threshold technological complexity determined for the manufacturing system.
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AHTOHM HJBiu, ApKauyym Tona
METO/I KJIACU®IKAIIIT TETAJIEN JIJISI BUTOTOBJIEHHS
B 'HYYKI BUPOBHUYIN CUCTEMI

Y cmammi nasedeno memoouxy xaacuixauii demaaeii 041 6U20MOBACHHA iX Y 2HYUKIL
eupobnuuiii cucmemi (I'BC) 6e3 neobxionocmi po3pobaeHH:s MeXHOAOZIMHUX npouecié iXHbol
00po6ku. Penmabeavnicmo 06po6ku demadai 6CMAHOGAIOEMBCA, GUX00A4U 3 iI MEXHOA02IYHOT
ckaaonocmi. Q6po6ra demaaeii y I'BC douiavna y eunaoky, Koau it mexnoao02i4na cKkaaoHicmo He
€ MEHWIOI0 2PAHUMHOI MEXHOA02IMHOI CKAAOHOC, NPUTIHAMOT 0451 6UPOOHUMOT cucmemu.
Karouosi caosa: kracugbixayin demaneii, eHyuka upobHUUa cucmema, MexHoA02IMHA CKAAOHICb
demaneli, epanu4Ha MexXHOA02IMHA CKAAOHICMb demanei.

Puc. 2. Dopm. 18. Jlim. 12.

Anronn IlIBune, Apkaauym Ioia
METO/, ITIOJIBOPA AETAJIEU JJIA ITPON3BOJCTBA B TMBKOM
ABTOMATU3UPOBAHHOM ITPOU3BOJACTBE

B cmamve npedcmaeaena memoourxa noobopa oemaneii 041 ux U320MOGACHUS 6 2UOKOM
asmomamuzuposannom  npouszeoocmee (IAIl) 6Ges meobxodumocmu  paspaGomru
mexHnoao2u4eckux npoueccoé ux obpabomku. Ileaecoobpaznocmv obpabomku Odemaau
onpedeasiemcs Ha OCHOBe ee mexHoao2uveckou caoxcHocmu. Obpabomra demaau ¢ IAIT
A645eMcA 060CHOGAHHOU 6 cay4ae, K020d ee MEeXHOA02UMECKAs CAONCHOCMb He MeHbule
npedebHOl MeXHOA02UMECKOU CAONCHOCU, ONPedeAeHHOU 0151 NPOU3800CHEEHHON CUCHEMDbL.
Karoueevie caoea: nodoop Oemaneii, 2ubkoe agmMoMamu3upo8aAHHOe NPOU3E00CME0,
MEXHOA02UHECKAs CAONCHOCHb OeMAanU, NPedesbHAas MEXHON02UYECKAs CAONCHOCHb Oemanu.

Introduction. When determining the feasibility of machining of parts in FMS, in
the general case one can distinguish two variants (Swic, 1998; Swic, Lenik, Zajac,
1996):

— a flexible manufacturing system for the machining of the parts needs to be
built;

— such a system already exists.

In addition it is possible that:

— the part has a basic technological process of machining and thus the devel-
oped technology of machining in the FMS can be compared with the base technolo-
gy (Gola, Swic, 2011; Zawadzka, 2007);

! PhD, Associate Professor, Lublin University of Technology, Poland.
PhD, Associate Professor, Lublin University of Technology, Poland.

© Antoni Swic, Arkadiusz Gola, 2013



HOBUHU CBITOBOI HAYKH 577

— there is no basic technological process, and thus there is no technology to
which the developed technology of machining in the FMS can be compared
(Bocewicz, Wojcik, Banaszak, 2008).

In both cases it is good to have the possibility of determining the feasibility of
machining of parts in FMS without the need to develop new technological processes.

The criteria adopted for the determination of feasibility of machining of parts in
a flexible manufacturing system were the cost (K) and time (T) of machining
(Kanada, Sullivan, 1989; Mishra, Prakash, Tiwari, Lashkari, 2006).

Determination of feasibility of machining of parts through comparison of techno-
logical processes in the case of FMS and the base variant. Let us assume that the tech-
nological process of machining of a part is developed, and thus the data characteris-
ing costs and time of machining are known.

Comparison of machining costs and time should be made in the case of a subset
of parts whose overall dimensions fall within specific ranges, so that in the group of
machine tools under analysis there is a theoretical possibility of machining all the
parts included in the subset (Swic, Mazurek, 2011; Wang, Shaw, Chen, 2000).

The process of machining of parts in a FMS is characterised by a certain
specifics, namely they are machined in accordance to a flexible technology, and thus
even parts from the same batch can be machined along different pathways understood
as an ordered set of machine tools of the system through which they pass. Therefore,
some of the process characteristics can be obtained only after the determination of
the machine tool subset and after simulation of the process of machining of the parts
in the FMS. The data obtained (from the simulation) permit the determination of the
cost of machining (K) and the time (T) in the case of the groups of parts under analy-
sis. Comparison of the data with those of the base process permits the elimination,
from further analyses, of those groups of parts for which parameters K and T in the
base process are lower than the corresponding parameters of the FMS being designed
(Taranenko, G., Taranenko, W., Swic, Szabelski, 2010).

For each of the analysed variants of machine tool subset we determine the cost
of machining of each batch of parts:

Kesp=—CKPO__ TP KR xIPS x g+ IKM X IP + GKP X WP, (1)

W z*XUPOks

where: Kggp — cost of machining of the batch of parts in the FMS,

Kpo — per hour costs of operation of the subsystem of machine tools (based on
single-shift operation),

W, — number of shifts of system operation,

UPOys — share of the machine tool subsystem in the costs of the system (entered
by the design engineer),

Tp — time of machining of a batch of parts in the system,

IKR — unit cost of labour,

IPS — number of workers required for the system;

Ws — reduction factor of the number of workers required for the system relative
to the base variant,

IKM — unit costs of material,
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IP — number of parts in production batch;

GKP — per hour operation costs of one square metre of shop area occupied by
the system,

WP — shop area occupied by the FMS.

The time of machining a batch of parts in the flexible manufacturing system can
be obtained from the control program of machining of a batch of parts in the FMS
(Kanada, Sullivan, 1989).

The cost (K) and time (T) in the base variant are equal to:

Ky =IKPxIP, T, =IKPxIP, ()

where: IKP — unit costs of manufacturing of parts (from data bases on casing-type
parts) (Swic, 1998),

IP — number of parts in batch (from data bases on casing-type parts),

t,, — preparation-completion time (from data bases on casing-type parts) (Swic,
1998),

t; — time norm (from data bases on casing-type parts).

In each group of machine tools under consideration, parts for which Kggp>Kj,
and Tggp>T, are eliminated, and for the remaining ones (per machine tool group) we
calculate:

n n
KRO= _zK(zp,,)and Tro = .ZT(ZPn): (3)
| =

i=1
where: Kgg — cost of machining of parts for a given machine tool group,

Tro — time of machining of parts for a given machine tool group.

We choose the machining process realized on a group of machine tools in the
case of which, for the parts under consideration, a better effect is achieved than in the
case of machining on other groups of machine tools, and therefore:

KRO=Min 3 K(ge)and To =min 3K(zry), 3
1= 1=

For the sets under analysis, these equations determine the rational group of
machine tools.

Determination of feasibility of machining of parts in FMS without designing the
technological process of their machining. In the case of new parts introduced for
machining in a FMS there is no technological process (base variant) to which the
technology being developed can be compared.

The criteria that should be adopted in the determination of the feasibility of
machining include the cost and time of machining, that depend on the part (the
degree of its technological complexity), the production program, and the batch size.

Therefore, the feasibility of machining a part in a FMS can be determined if we
determine its technological complexity and the functional relation between the cost
and time of machining on the one hand, and between technological complexity, pro-
duction program and batch size on the other. For a part with a specific production
program and batch size there exists a threshold technological complexity Z,, the
achievement of means that the machining of the parts in the FMS is feasible. In the
case of a specific class of parts, we need to determine the threshold technological
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complexity Z,, and the technological complexity Z of the part being introduced for
machining, from the batch under consideration.

The technological complexity of a part is the degree of complication in the
achievement of the required form, dimensions, roughness and mutual positioning of
surfaces of the part in accordance with the adopted technical requirements of its
machining on the technological equipment available. The measure of the technolog-
ical complexity is the time of machining the elementary surfaces of the part:

Z; =ty “4)
where: Z; — technological complexity of i-th elementary surface of the part,
t,; — time of machining of i-th surface of the part.

The technological complexity of the whole part is the sum of technological com-
plexities of its elementary surfaces:

n
Z= Z Z, 5
1
where: Z — technological complexity of the part,

i — surface number,

n — number of surfaces.

A part whose technological complexity Z is greater than the threshold techno-
logical complexity Z,, complies with the conditions of machining in a FMS (its
machining is feasible). The threshold technological complexity is the complexity of
parts machined in the system, in the case of which, at a given volume of production
program and production batch size, their production in the system is feasible. In the
case of technological complexity of a part being equal to the threshold technological
complexity the cost of its production in FMS (Kggp) is equal to the cost of its pro-
duction on conventional machine tools (Kpk) - Kesp = Kok-

We can determine the threshold technological complexity Z,, in the case of parts
of a given class, as well as their technological complexity, and compare it with Z,.

The algorithm of qualification of parts for machining in a FMS is given in Fig. 1.

Determination of rational application of FMS. The process of machining of parts
can be presented as a system, the model of which is shown in Fig. 2 (Swic, Gola,
2013).

The best process of machining is such as a result of which the maximum effect is
achieved (K,,;,, Tmin)- The quality of that effect is defined by the input parameters:
RO — group of machine tools on which the machining is performed; Z — as above; P
— production program, N — batch size, O — environment (organisation-economic
and technical conditions in the company). Practice shows that only in rare cases
input parameters K and T can simultaneously assume values corresponding to the
maximum effect. Usually the values of the variables (RO, Z, P, N, O) at which the
most desirable values of one of those variables are achieved do not permit the achieve-
ment of such values in the case of the other variable. The maximum effect is achieved
at compromise values of the input variables.

Estimation of the values of input variables corresponding to the best process of
machining is reduced to the analysis of the functions:
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Figure 1. Algorithm for determination of feasibility of part machining in a system

K=1fRO,,Z,P,N,0), T=1RO,,ZP,N,O). (6)
Parameters RO and O are the qualitative parameters — discrete values, and there-
fore the above functions — for the analysed set of parts (ZP,,), and also for the set (RO)

— are determined by the set of their possible realizations.
The cost of machining (K), for the analysed groups of machine tools (RO,;,) and

parts (ZP,,), can be written as follows:
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Figure 2. Model of the process of machining of parts in FMS: k — unit cost of
part machining spent on processing of a unit of information, t — unit time of
machining necessary for processing of a unit of information
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where: n — number of types of parts machined in the machine tool subsystem;
m — number of variants of machine tool subsystem.

The cost of machining for the base set of machine tools (RO) is calculated from
the relations:

K, (ZP1)= f(Z1,P1,Nqo =const

ROp

O =const
Kb@”z%"(Zsz,Nzi ROb )

K, @Pn)= f(Zn'Pn'an =const

ROp
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The time of machining (T) in the case of the analysed groups of machine tools
(RO,,,) and groups of parts (ZP) is calculated from the relations:

Tr )1 (Z1.P1,Nqo - const

RO+

T(ZP2)= f(szszsz - const

ROA

kP, ) f(zn:Pn,an - const

RO1

——

RO2

O=
T(Z”z)i f (Zz-Pz,Nzi R(::St

T@r, ) f(Zn,Pn,an - const

RO2

T@’ﬂ): f(Z1:P1,N1f ~const

ROm

T(ZP2)= f(szszsz - const

ROm

T@r, ) f(zn:Pn,an ~const

ROm
The time of machining for the base set of machine tools is determined from the

relations:
O =const
T, &P, Fflz1.P1.N
b(Z1)= (z1.P1 q ROb

O =const
Tb(ZP2¥f(22aP2,N21 ROb (10)

O =const
Tp (ZPn): f(Zn'Pn'Nni ROb

The best process for the group of parts is the process realized on machine tool
group RO,_, which ensures better effects than in the case of technological processes
conducted on the other groups of machine tools:

Kizp —Ki-p =0K >0, T, -T,., =AT >0. (11)

1

At the same time, the process should be realized at values of Z, P, N that ensure
the following: Ki—p —(Ki=p)min and Tiep —( Tj=p) min-

Parameters (Z, P, N) meeting conditions (11) determine rational utilisation of
the chosen group of machine tools.
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Functions (11) should be built on the basis of specific data for the company, as
even similar data (O): organisation, economic and technical from various companies
do not provide grounds for the statement that the results of production will be the
same — identical values of the input variables do not yield identical effects of the
process of machining (Bocewicz, Banaszak, 2013).

The cost and time of machining are calculated for the following conditions:

O =const
RO
Kj=f@N z; (12)
P = Pmin ~Pmax
N = Nmin ~Pmax
O =const
ROj
Tj=fEN zj (13)
P = Pmin ~Pmax
N = Nmin ~Pmax
where: /i — machine tool group number;

j — number of the successive type of parts;

P in—Pmax — range of variation of the production program;

N in—Nmax — range of variation of the batch of parts.

The determination of rational use of machine tools that are mutually replaceable
technologically (in the case of FMS and base production) is reduced to the analysis
of a set of input data meeting the relations (14):

AMK=Kp-Kesp>0,AT =T, - Tegp >0 (14)

Parameters (Z, P, N) at which the condition AK>0 and AT>0 is fulfilled deter-
mine the rational application of FMS.

After the determination of rational application of the analysed FMS we can, in
the case of the kind of parts under consideration, with known production program
and batch size, and after calculating their complexity, determine the feasibility of
their machining without the need of developing the technological process.

Optimisation of application of FMS in the production of parts. The minimum cost
(Kpin) and time (T,,;,) of machining permits the achievement of the maximum effect
of machining.

If

O =const

K, =f@@P.N Ro; (15)

then the values of input parameters Z, P, N fulfilling the system of equations:
K _g K_o K_g (16)
(/4 oP oN

determine the realization of the process of machining on machine tool RO;, guaran-

teeing Kj,i,, and are thus also the optimum relative to the cost of application of the

FMS.
If
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T :f(Z,P,N O:oonst’ (17)
1 RO/
then the values of input parameters (Z, P, N) fulfilling the system of equations:

oT oT aT
—=0, —=0, —=0
0z oT (18)

determine the realization of the process of machining in the FMS, and guarantee the
achievement of T;,,;,.

The values of the variables determining the compromise realizations between
Kimin and T;,;, define the best (optimal under given conditions) application of the sys-
tem.

Analytical solution of the above systems of equations is very labour-consuming.
Often such a solution is not necessary as in a given company there are actual parts
with specific technological complexity. The production program results from the
needs of production (demand), and thus it is a value that the design engineer received
as a constant.

The only value that may change is batch size. The methodology of determination
of the pathways of machining and the structure of the machine tool subsystem (and
thus also of their retooling) is built in such a way that in the case of a patch with size
determined in accordance with the needs of production (e.g. assembly), it optimises
the time of retooling and thus also the cost and time of machining.

As follows from the above, the effectiveness of a flexible manufacturing system is
largely determined by suitable choice of parts to be machined in the system.

Conclusions. A method was developed that permits the determination of feasi-
bility of parts machining in a FMS without developing the technological process (the
technological complexity of the part is determined and compared with its threshold
value). On the basis of an algorithm a computer program was developed that works
together with a database on the parts machined. Although the method is a simple one,
it permits the achievement of fairly accurate results (more accurate than in the case
of methods used for the selection of parts for CNC machine tools — as it takes into
account more factors determining the technological complexity of the part).

According to the method developed, the determination of the technological
complexity of the part permits the determination of rational application of FMS in
terms of costs and time of machining.

Analysis of rational application of FMS leads to the following conclusions:

— machining of small batches of parts with low technological complexity in
FMS is effective only in the case of a large production program;

— parts with high technological complexity can be effectively machined in
FMS even at a small production program.

On the basis of a given technological complexity it is possible to determine the
size of batches of parts at which their machining in the system is economically justi-
fied.
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