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Abstract: Process planning is a group of instrumental actiom the achievement of the output of an op-
eration’s system in accordance with a specified snea of effectiveness. It consists of devisingctiel
and specifying processes, machine tools and otheipment to convert raw material into finished and
assembled products. This paper presents an apprdacéloped for supporting management at the earli-
est stage of manufacturing; in another words ttppraach which is called QCLPP (Quality, Cost, Lead
time based Process Planning) is a toolkit for pgxelanner to estimate manufacturing cost as well a
manufacturing cycle time and product quality; usimgth QFD and FMEA tools to enhance life-cycle
quality of ownership, this approach is also basedd#-P to estimate the manufacturing cycle-time gtim
that elapses from work order release to completafrg new product that will be made in a manufactur
ing system that makes other products as well. fimate manufacturing cost and the cost of riskates

to a process plan, ABC and CbFMEA are deployethimapproach. For each resource combination, the
output data is gathered in a selection table thelphk for detailed process planning in order to asiei
higher level of efficiency. A software program hagn developed; it aims at supporting process @ann
to achieve goals fixed by the company based orafipsoach. A case study is presented in ordedus-il
trate the approach and prototype system in thisspap

Key words: ABC, DFP, QFD, FMEA, Lead-time, CAD/CAM, Manufaitg Cost.

1. INTRODUCTION In this paper, manufacturing lead time is defined a
the time interval from the starting time to the qaation.

To date, many research and development efforts have
been devoted to develop a number of different natho
in order to evaluate the impact of development @ssc

Today the manufacturing world is facing major pres-
sure due to the globalization of markets. Firmsehiagen
striving to respond quickly to market requirement a
needs, which is WhY enterprise performance reqqhes on product quality, cost and lead-time. Shaw [3}ede
control of cost quality and manufacturing cycleiras

> oped an interface between process planning angrdesi
g]arly as possible in the product development cjiclend to assist designers to develop better productstimely

This paper proposes an approach to develop a new anner. Chin [4] proposed an approach to carrytiuet

. . reliminary process planning for quality in whichet
tool that can support the process planner in cxlsatis- b .
fy the strategic performance objectives of the mmige QFD and “the process FMEA are incorporated.
(cost, quality and lead-time). This approach inekd Maropolous [5] presented a new time based process
tools’which have proven their ability to increa a pIannmg architecture that consists of three Iewlse—
nies’ profitability by reducing costs, improvingaatuct s_pondmg 10 aggregate management _and _detgll_ed plan-
quality and reducing the time-to-market. In ordeesti- ning. Ar.] aggregate process .tO.OI_k't Wh'Ch aimsiang
mate the time spent by the product in the manufagu the designer a way of visualizing the likely prodaon-
. . . sequences of design decisions is developed. Sugre-ag

system known as manufacturing cycle-time, Design Fo g . e
P):oduction method (DFP) is usegd iz this approach?lwh gate process planm_ng enables the |der_1t|f|cat|oproﬂ—
also includes the Activity Based Costing (ABC) nwath uct Fechnology requirements, the selection of pss@nd
to roughly estimate manufacturing cost and findlbth equipments, the generation of product route, truay

. . . tion of a factory configuration. Hassan [6] deveddpan
Quality Function Deployment (QFD) and Failure Mode approach using QFD, FMEA and ABC to determine key
and Effect Analysis (FMEA) tools are used to deiagn process resources Wi’th estimation of manufacturogy
manufacturing resources with appropriate procegs-ca ;

o - : Feng [7] developed a conceptual process planning
?u"rﬁ:a:g produce product characteristics requibgdcos- prototype for the preliminary manufacturability ess-

ment of conceptual design in the early product giesi
stage. It aims at determining manufacturing pracess
selecting resources and equipment and roughly astim
" Corresponding author: Abdelouahhab Jabri, FST, &out ing the manu_factl_Jrlng cost. Ma}ndar (8] .presented a
d'imouzzer, BP. 2202, Fés, Morocco, method for estimating manufacturing cycle-time ofeav
Tel.: 212660301663; product that will be made in a manufacturing systeat
E-mail addressesibdelouahhab jabri@usmba.ac.ma makes other products as well. This method shows the
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benefits of reducing manufacturing cycle time amavh
those benefits yield increased profitability. Jeff¢9]
proposed Design For Production tool which aimseat d
termining how manufacturing a new product design af
fects the performance of the manufacturing systgm b
analyzing capacity requirement and estimating theun
facturing cycle-times.
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ous the failure could be, and the more importai# ihat
this failure mode be addressed.

The traditional FMEA involves ambiguity with the
definition of risk priority number: the product otcur-
rence (O), detection difficulty (D), and severiy) (sub-

jectively measured in a 1-10 range. The three é@ddic

used for RPN are ordinal scale variables that pvese

Although the above mentioned efforts are made torank but the distance between the values cannotdaes-

improve product development in which manufacturing
cost, product quality, manufacturing cycle-time asel-
ally used separately as optimization or assessinéit
ces for manufacturing system or particularly preces
planning, very few researches have incorporateditgua

ured since a distance function does not exist. Tthes
RPN is not meaningful.

A cost-based FMEA alleviates this ambiguity by us-
ing the estimated cost of failures, [13 and 14pping a
new technique called FMERA (Failure Modes, Effects,

and lead time in process planning and management iand Financial Risk Analysis) that identifies anébptiz-

order to determine key process alternatives witlader
guate process capability (tradeoffs) and capaditye

es the process part of potential problems that hhge
most financial impact on an operation. Alternatives

QCLPP approach is a useful method to asses precessbe evaluated to maximize the financial benefitsdiad
involved in manufacturing a new product. In anothercolumns concerning failure costs to standard FMEA

words, this new tool helps process planners tofyeéfi
the selected resources (fixturing tools, machiéstaetc)
could respond to customer requirements in terntguaf-

ity, and lead-time. In addition, decisions like rieasing
or decreasing cutting speed or feed rate, the psoce
planner could verify immediately with this tool thma-
pact of these decisions on product quality leade tand
even on product cost.

The rest of this paper is organized as follows;hoes
and tools used in our approach are presented. dftere
the QCLPP is described in section 2. In the Théctisn,
the prototype system is presented. In section 4ge ca
study is presented. The last section, section cgrpo-
rates the conclusions of the paper.

1.1. Quality function deployment (QFD)

The QFD technique “is a systematic procedure for de

fining customer needs and interpreting them in teoh
product features and process characteristics. y$tera-
atic analysis helps developers avoid rushed dexsdioat
fail to take the entire product and all the customeeds
into account” [10]. It is a process that involvemstruct-
ing one or a set of interlinked matrices, knowrgaslity
tables’. The first of these matrices is calledtHeuse of
Quality” (HOQ). The house of quality matrix has two
principal parts; the horizontal part, which congaim-
formation relevant to the customer, and the vdriieat,
which contains corresponding technical translatafn
their needs. The basic process underlying QFD essil
the centre of the matrix where the customer aninieal
parts intersect, providing an opportunity to exaenéach
customer’s voice versus each technical requirenfieng
detailed description of QFD formation process [11].

1.2. Failure Mode Effects Analysis (FMEA)

FMEA is a disciplined approach used to identify po-
tential failures of a product or service and thetedmine
the frequency and impact of the failure. It is @praach
that is often referred to as a “bottom up” approahit
functions by means of the identification of a parkr
cause or failure mode within a system in a fashiat
traces forward the logical sequence of this cooditi
through the system to the final effects [12]. Thaimm
idea is to generate a risk priority number (RPN)dach
failure mode. The higher the risk number, the nmeee-

table, a cost-based FMEA table is obtained.

1.3. Activity-Based Costing (ABC)

ABC assumes that cost objects (e.g., productserea
the need for activities, and activities create ibed for
resources. Accordingly, ABC uses a two-stage proeed
to assign resource costs to cost objects. In teediage,
costs of resources are allocated to activitietenfAc-
tivity Cost Pools. These activities are allocatedthie
second stage to cost objects based on these cbjess!’
of the different activities. In order to differeatie be-
tween the different allocations at the two stagfes first-
stage allocation bases are termed “resource cog&rd”
and the second-stage bases “activity cost drivgds3,
and 16]. Figure 1 illustrates the concept of ABGhnod.

1.4. Design for production (DFP)

DFP refers to methods that determine if a manufactu
ing system has sufficient capacity to achieve tbsirdd
throughput and methods that estimate the manufagtur
cycle time of a new product. DFP can also suggest i
provements that decrease capacity requirementscliwhi
can increase the maximum possible output), redoee t
manufacturing cycle time, or otherwise simplify guc-
tion [7 and8].

These methods require information about the new
product’s design, process plans of existing prosjud
production quantity along with information abouteth
manufacturing system that will manufacture thesedpr
ucts.

With DFP method, manufacturing system is character-
ized by the machines performance like the meaa tb

Consume Consume
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> yy oduct
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Fig. 1. The concept of ABC.
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failure (mfj) and mean time to repair a maching) The
products are characterized by the job size (nunaber
parts) and the desired throughpiX) umber of parts
per hour of factory operation, the sequence of m&sh
that each job must visit; the mean setup time [y at
each machines() and its variancecf;); the mean pro-
cessmg time (per part) at each machigednd its vari-

Z—Yij
BiYU.

¢ =

(7)
1.4.2. Processing time aggregation

The mean processing time (per part), the mean setup
time (per batch), batch size, desired throughpdt raa-
chine availability are used at this stage to calieuthe

ance ¢); the yield at each machine that a job must visit aggregated processing time.

() (the ratio of good parts produced to parts tmateu-
go processing).

The squared coefficient of variation (SCV) of a-ran
dom variable equals its variance divided by theasgwf
its mean. Other notations used are as follow:

set of all products

sequence of machines that productust visit
subsequence that precedes machine
cumulative yield of produdtthroughR;
cumulative yield of produdtthroughR,

release rate of produic{jobs per hour)
availability of a maching

set of products that visit machine j

SCV of batch inter-arrival time of part
aggregate process time at machjine

SCV of the aggregate process time

modified aggregate process time at machine
SCV of the modified aggregate process time

SKPXLXDI~

a,

— —
O, T C

Cj

The cumulative yield is the product of the yields a
each machine that the product visits is calculatsidg
the following equations.

Yl] = erRi)'yik’

Y, = H)’ik-

keR;

1)

)

1.4.1. Arrival aggregation

The batch arrival rate of a part type is its demdid
vided by the average batch-size arriving at thst fina-
chine, and adjusted by the overall yield rate téllfthe
demand, Eq. (3).

3)

The aggregated batch arrival rate at the machise |
the sum of the batch arrival rates of all part tyecal-
culated with Equation (4).

A= Ziev,- X, 4)

V; = {iel : jeR;}. (5)
The SCV of aggregated inter-arrival time at thetfir

machine can be approximated by the weighted averhge

the SCV of batch inter-arrival time of all part &g Eq.

(6).

i
a _ Ziercfxi

1
Yiel Xi

(6)

e Batch processing time

The mean batch process time is the sum of the mean
batch setup time and the mean total processing fiime
mean total processing time is the mean single-part
cessing time multiplied by the mean number of parts
the arrived batch, Eq. (8).

(8)

The variance of batch processing time is the sum of
the variance of setup time and total processing.tifime
variance of total processing time is contributed thg
variance in single-part processing time and théanae
in the arrived batch-size, Eq. (9).

(t+2+

= B;Yjt;; + 545

Bth +scu 9)

e Aggregation

The aggregate process time of jobs at machin¢hgis
weighted average of all the jobs that visit machjne
Each product is weighted by its release rate, EQ). (
Equation (11) calculates the mean of the squareeagg
gate process time, which can be used to deterrhi@e t
SCV ().

+
o Ziev; Xitj

) Aj ’

(10)

ZlEV xi\t

(11)

(t+) (c +1) = 1) (C;ri*l)_

« Downtime adjustment

Equation (10) gives the SCV of aggregated procgssin
time at the machine without considering machine-una
vailability. However, due to the machine failures o
downtime (e.g., scheduled maintenance), the agial
cessing time will take longer thus needs to be sid{l
The percentage of time that a machine is availeblg,
depending on the mean time to fallum)( and mean
time to repair a machinen()), Eq. (12):

12)

The adjusted mean aggregated time and SCV of ag-
gregated time become:

: (13)

cF =

} (14)
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1.4.3. Flow variability propagation and cycletime 2.1. Selection of processalternatives
calculation This step uses information indicated in the product
At this step, two factors are determined, which: are engineering drawing, mainly geometric charactessti
machine utilization, cycle time at statipn the dimension tolerance, the geometric toleranceg an

roughness, all these information represent the itgual
characteristics which are translated into procéssment

X and their target levels. In order to achieve tr@cess
element level, it is required to select appropriatecess
alternativesy; based on part information and manufactur-

* Machine utilization

The average utilization ratg at a maching is the
percentage of time that it is busy. It is calcudaby the
following equation:

¢ ing resources.
J
W == Yiev, Xi- (15) . . .
n / 2.1.1. Estimating the capability of the process ele-
ment
» Approximation for cycletime calculation Based on the process alternative, the capability of

The variability of inter-departure time at each ma-each process element, referred to from now on as an
chine is propagated from the variability of interkaal element capability, is defined as:
and processing time. It can be approximated byfdhe .
lowing equation: Ce= (1 + xj—xy> j
U]'—L]'

2 PR ; .
¢l =1+ “_:lj(c]_* —1)+(1- u]-z)(cj“ ~1), (16) if x; is a large-better index;
xi—x\"J
— (15T
Ce= (1 Uj—Lj> ’
if is a small-better index= 1, 2,...,n. (20).

through the manufacturing system, they can be tsed  C§ IS the capability o8; x,, x the standard or bench-
calculate the cycle time at each machine. '.“ar" and the current yalue of qu_allty valueqofrespgc_—
The first term on the right hand side of Eq. (18}t t|vely;. 9 the correlation coefficient, set _by emp!rlcal
approximated queuing time. It can be seen thatjti- machining data, and > 0; L;, U; the technical feasible
ing time is composed of three factors: variabilitiliza- ~ |0Wer and upper bounds of the process elemgriegel;

tion, and processing time. The mean system cycie t5 " the number (_)f process elemergy. (When the Process
the sum of the machine cycle times: element level is at a bench-mark level, the cajiphof

the process element is set as the standard value "1

of=ct, , 2<j<]. (17)

With all the information aboutcf), (c;), x and ()

( fan; +2_1> 2.1.2. Estimating the capability of the quality charac-
TT* = 1( a *)uj—t* +t (18) teristic
;TG TG nj(1-uj) J The assurance capability of each quality charasteri

tic (Cg) can be estimated by the following formula:
TT; = Yjer, T} (19) Cg=X71W;Ce; ,i=12;....m (22)

Cq is the capability for assuring andWj the coeffi-
cient of relationship betweeq) ande Y7, W;; = 1; m

2. QCLPP APPROACH the number of quality characteristicp)(

Aiming to estimate manufacturing cycle time, we 2.1.3. Estimating the Composite Process Capability
roughly estimate the manufacturing cost as welthes of all quality characteristics
failure cost and to meet quality requirements. Theth- The CCP reflects the overall degree of assurinthell

od begins with information given by product desayjnd ~ quality characteristics. Owing to every quality er-
selected manufacturing process and the QFD and FMEAstic possessing the right to veto on the overedicpss
analysis results from design phase. QCLPP is @yt  quality according to the trade-off strategies, e the
ic and structured planning process, in which eaep &  multiplicative fashion to calculate the CCP as duls
supported by appropriate methods and tools. As shiow [18]:

Fig. 2, the steps for QCLPP process are:
CCP =17, (Cq)". (22)
» Selection of process alternatives using QFD infor-
mation and a quality measure index, called the com- With v; 00[0,1], CCP reflects the overall capability
posite process capability (CCP), adopted from [4|eyve| of process alternatives compared with thedsad
and17]; process alternatives.
« Process failures analysis using process FMEA; It can be easily determined that the CCP of thedsta
ard process alternatives, whose quality measures ar
. . . X=(X9,X3,......,.X0), is always equal to 1. A CCP of
' QZ:ZSS?N?EL'O]C non-quality (failure) cost using cost more than 1 indicates that the overall capabilgyel
' increases and the probability for assuring all iqyal
« Estimation of the manufacturing process cost. characteristics is higher than the standard proakssia-

» Estimation of the manufacturing cycle time;
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tives. On the contrary, a CCP of less than 1 ind&that
the overall capability level decreases and the givdiby
for assuring all quality characteristics is lowhan the
standard process alternatives.

2.2. Analysisof processfailures

7

with predetermined batch-siz&), and a SCV for its
batch arrival §).

Each batch of parti)(is processed on one machine |
with mean setup time,sf), mean single-part process
time, ¢;), and mean yield ratg.

The average cycle time for a batch of any part type

The QCLPP approach uses FMEA to analyze processspending in maching Eq.(18), isTT,. The total manufac-

es of various potential failures. The focus of dtad
FMEA is usually on providing quality and reducimg-f
guency of problems, severity (S) rating are usuaiked
to the ability to provide quality products to thestom-
ers. An occurrence (O) rating gives an indicatiérihe
frequency of the problem. Detection (D) ratings are
estimation of the effectiveness of problem prevamand
containment.

The Risk Priority Number (RPN) is a product of the
Severity, Occurrence, and Detection ratings: SxOGxD
RPN.

The process elements in the QFL) @e useful for
determining the causes of failures and the recorderén
alternative actions [19]. The RPN values are rdldte
process alternatives selected in the previous step.

2.3. Manufacturing cycle-time estimating

The objective of this step is to evaluate the capadt
workshops and estimate manufacturing cycle timagisi
DFP method based on the results of previous steps.

Consider a flow line manufacturing system consigtin
of n machines (1 § < n) which manufacture m types of
parts and all these parts go through every madhitiee
system without skipping. Part type i (li<< m) has a
desired throughputX), and arrives in batches randomly

Product
desiar

Selected pro-
cesse

turing cycle time is estimated by Eq. (19), and the
source utilization using Eq. (15) taking into acebthe
availability and the yield of each machine.

2.4. Edtimation of manufacturing cost

The total manufacturing cost is estimated using the
ABC method. The manufacturing process is broken
down into activities based on a decomposition oaifid
[6]. The total manufacturing cost is the sum ofiaigt
costs, Eq. (23).

N i — VN i
i=1 Cactivities - ZiZl(Cmachining +

Cma
i i i

Cload_ulaad + Csetup + Chandling +

Ct

programming_testing +

(23)

i
Coverhead )

Cmals the cost of manufacturing activitieéjs the to-
tal number of activities involved in the manufaetiwof
the part.

C'machiningiS the machining cost of activityit is calcu-
lated by Eq. (25). The first term of this equatisnthe
cost related to machines involved in the manufaogur
process, as for the second term it is the costeckl® the
tools performing each operation, the formula isfas
lows:

Existing

Quality/Cost/Lead-time-
product:

based Conceptual Pro

A 4

/Pk,nnin(

tiviac

Selection of process alterng— — — — — — — —

QFD phast

S
1
1
|
! .
Process Q—I , Quality
alterna- * ' consideratio)
- !
Process alternatives Analysis of | '
& CCPs & process failures !
r- A\ 4
Lead time | _ || Estimation of manu- A\Y
consideratip facturing cycle-time
P anufacturing RPNs
Cycle-time \\
- \ 4
-
| Costbased FME - — — 4+ — — — — | | Estimation of the cost
' of failures
Cost  con- Resource
sideration ! utilization \\ I ——
| v cost
X I D _ | Estimation of
! manufacturinc
Manufacturing
\ .

v

prnm:cc cost

v

Detailed process planning

Fig. 2. The process of QCLPP.
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corresponding to the occurrence rank of the risloaat-

achining = % C/TT; /Bi + Cloor, (25) ed with activityj.
where: Number of events per year = prob (07) X
No.of units per year . (30)
i kmk K Tt
Croot = LCI T + X G ﬁ (26) The cost of all activities related to risks candeéined
as:
T¢, and T, are the cutting time and tool life time re- ,

spectively of the took. C§ andC§ are the cost per hour C, = X¥ prob (07) [prob (D7) x CJ, + prob (1 —

related to cutting labour and tool labour respedyivof D/ x Ceje] (31)

the toolk [20].

Cload_unioadS the load and unload activit@sewpis the  prob (D7) is the probability corresponding to the detec-
setup cost of activity. C'hanging the handling cost of ac- tion rank of the risk associated with activjty
tivity i. Handling is a batch-level activity. Therefore,

Clorogramming_testingh® programming and testing cost of The annual risk cost = No.of units per year X C,  (32)
activity i. Programming-testing is a product-level activ-
ity. C'overeadhe overhead cost of activitylt is a facility-
level activity.

Implementation cost

Implementation cost is the cost of implementingralt
native action. For each failure mode, financiak rigs
been estimated, alternative actions have beenifigent
and their cost has been calculated. To take intowatt
the risk cost associated to manufacturing processu-
dacturing process cost before alternative actionple-
mentation could be defined as:

2.5. Egtimating the cost of failures

To estimate the financial impact of various potnti
failures, an extended technique, called cost-bEs&EA,
is used. Based on standard process FMEA and sglect
process alternatives from previous steps, costebase

FMEA has been used to identify and prioritize the-p Cp = Cong + Cy. (33)

cess part of potential problems that have mosnfiizd

impact. Cn is the manufacturing process cost of an artifact.
Note that it is not necessary for the alternatiegoas to

* Internal cost per event eliminate the risk completely. Therefore, the risbst

Internal failure costs are costs that are caused by,,st be taken into account even after the impleatiemt
products not conforming to requirements or customelnf giternative act-ions. Manufacturing process dftr

needs and are found before delivery of producexter-  5ternatives implementation is given by this ecprati
nal customers.

Each potential failure event is analyzed to deteemi CheCm' = Cing + Co + C,. (34)
the financial risk. The internal cost per event tanes- ] ) o
timated using the following form: Cma is the cost of manufacturing activities after the

implementation of alternative actions. This costyma
27) have to be recalculated if some of actions modify t
manufacturing activitieCr’ is the cost of risk-related
activities after alternatives implem-enttation.

C;j = Labour cost + Material cost.

C;j is the is the internal cost of event e relateddtivity
J- Cy = X, prob (0”) [prob (D’j) X Cii +
Labour cost = down time X hourly labour cost. (28) prob (1 — D7) x Ciee]. (35)

Labor cost is the cost of operator work which elimi
nates the failure. Material cost is the cost of ponent
replacement due to failure. Using ABC method, thstc
of manufacturing activitie§,,, is estimated for the com-
ponent.

prob(0”) and prob (D”) are the probability corre-
sponding to the new occurrence and the new detectio
rank of the risk associated with activity respectively,
after the implementation of alternative actio@s;is the
cost of implemented actions.

» External cost per event

External failure costs are costs that are causedeby
ficiencies found after delivery of products to ertd 3. APROTOTYPE SYSTEM
customers, which lead to customer dissatisfacticre
external costs per event, in our study, are esdbnthe
complaints cost:

Based on the methodology described above, a proto-
type has been developed; called QCLPP this apjglitat
aims to support the process planner at estimatiagum

ciee= Complaints cost (29) facturing cycle time and costs, resource utilizatand
_ assessing product quality. QCLPP consists of food-m
Cl. = external cost of evemtrelated to activity. ules; the first one is the quality module it is ibadled to
assess product quality based on process elements in
» Event probability volved in processing the product, the second motule

The probability of failure events, associated tivity manufacturing cycle time module, manufacturing cost
j, can be estimated via pro®') which is the probability module which is responsible for estimating cuttiog|
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Fig. 3. A structure of the QCLPP prototype.

cost and manufacturing cost based on informatioreige "
ated by former step and manufacturing system maitiule | 77 ) A1 ]
serves as a decision making tool to choose amorggale ] T Lesdl
alternative groups. [Do-10a ]
Figure 3 shows the structure model of the developed
prototype. Using this application process planrtarts
with selecting and assessing the capability ofs#lected
processes. Next, with browsing XML files generalbsd
CAD/CAM systems which contains machining time of
each operation, cutting tools involved in this @ien;
almost all information extracted from these filee a
displayed in the processing time table as showthén
next section (in the case study). Processing tixbeaet-
ed from the XML files serves also as key informatto
estimate cutting tools cost and therefore to esémaan-
ufacturing costs.

Fig. 4. Drawing part.

The objective of this section is to illustrate witkis
example the methodology followed to perform an gnal
sis of the process planning.

4.1. Estimating the capability of process alter natives
Geometric characteristics are firstly identifiethey
are shown on the drawing part. In our example gé&dme
4. CASE STUDY characteristics identified in the drawing part grknari-
ty, position and circularity. The goal of this stepto
To illustrate the QCLPP approach we present in thisselect process alternatives that could manufadiise
section an example of a machined part to be manufacgart by respecting all these geometric characiesist
tured in a work shop which consists of several CNC Machines and tools required to manufacture thi$ par
machines. are presented in Table 1. Indeed, two altern-ajreaips
Figure 4 shows the drawing of this part containing are studied, AG1: (MT1, FM1, CC1) and AG2: (MT2,
dimensions, tolerances and geometrical specifieatio FM2, CC2) and the process elements are: machining
The raw material of this part is a low alloy stgeé- tools, fixture mode and cutting conditions.
formed bar 11110 mm? and cut into 35 mm. This part The relationships between quality characteristind a
will be manufactured in a work shop which manufac- process elements are assessed with the QFD toirei
tures another product. 5 contains the house of quality table and the dtipab
The objective of this section is to illustrate withis table. The CCP index of each alternative groupsis e
example the methodology followed to perform angnal mated using Equation (20-22). For the AG1, the CCP

sis of the process planning. found is 1.24, as for the AG2 the CCP is 1.31.
Table 1
Alternative groups
Process Alternative . Process
Process alter native name Measure
element ref element level
Machining MT1 NC Milling machine. And Numerical lathe centgr  Precision grade IT8
tool MT2 NC Milling machine. And Numerical lathe centegr  Precision grade IT9
Fixturing FM1 2 Outer spokes clamping Locating error 0.05 mm
mode FM2 Vise, Outer spoke clamping Locating error Onsh
Cutting con- CC1 Cutting force and speed Deformation 0.08 mm
dition cc2 Cutting force and speed Deformation 0.09 mn|1
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File Praducts Manufacturing System  Manufactunng Cost  Quality Process  FMEA process  Alterantive Group  help 7 I
— Process element - : - -
N | Process element |Measure index |Index type |E0nelati0n coef |Li |Ui |Benchmark |F'. E. lewvel
_[e1]| Machine tool | Precision grade | 0 1l a8 1 10 9
(22| fixturing mode | Locating emor 0 110 004 005 0,05 004

Deformation a 1 003 01

(23]

cutting conditions

— Quality charactenstic: 1 7 Capability

W | Quality characteristics | Characteristics weight (%] Cagi
[q]] Planarity 33 Cql
[92]| Position 3 Cqg2
[q3]| circularity 34 Cq3
CCP —Part Information-
— Part Mame iPAEHT—34
(| Housze of quality
I Quality characteristics [gi) | Characteristics weight (%] | Machine | fikuring | cutting PatlD iHDL_200_84
Flanarity 33 005
Pogition el 033 . iSDME\f’B vi
bt W aterial
Circularity 3 o7 e
Pracess element weight 015 Faw
Cej [5G '1';5?' Material i1 10:110=35rmmé
Cei [AG2) 1,33 .
Quantity 1200
°| FMEA Process Ei;t:h i1 5
4 G, |Part characteristics | Faiure mode | Cause | Effect [0 |5 |D RPN | Alemative actions
A2 Position Incorect position | Lozz in Fisturing mode | Wibration 5 4 4 80/ &dd side clamping set Desired
Throughput !244

Tab 0 Quality Process I Cost Estimating l Open | Exit |

Manufacturing System i Products ]

Fig. 5. Capability of process alternatives.

Table 2
Conceptual process planning

CNC Machines Processing time (min) | Setup time (min/lot)
Alternative Group 1 N. Lathe centre 7.50 30
N. C. Milling machine 6 30
Alternative Group 2 N. Lathe centre 8.57 30
N. C. Milling machine 6.66 10

4.2. Processfailure analysis machining time on these two machines selected twma

Once the alternative groups are selected, the gsoce facture the part. For AG1, the setup time for thest is
element and the product quality characteristicsreme 30 minutes on the lathe centre and 30 minutes en th
assessed with FMEA process. FMEA process table irmilling machine centre; As for AG2, setup time i8 3
Fig. 5 shows the RNP values related to the procesg§linutes on the lathe centre and 10 minutes on iliegn
FMEA analysis for the work piece. machine centre. In the second alternative groupaxee

The four holes are made in the same machine, kbut thselecting a vise which is serving as a fixture tmolthe
fixturing scheme is not the same. With the visetref ~ two manufactured product; this choice can reduee th
second alternative group, the RNP of quality charisz  total manufacturing cycle time compared to thetfirs
tic position €,) is higher than the predefined threshold, it alternative group. The desired throughput for tredpct
equals to 80; therefore, there is a need for a@tarm  to be manufactured is 24parts/day
actions to reduce the occurrence (O) rating. Tleerre
mended action is adding a side clamping set, amthdv
RNP will be 32.

Information related to the products to be manufac-
tured is gathered in the same layer, 40parts/dapds
desired throughput for the second product.

4.3.  Manufacturing cycle time estimating ~Manufacturing cycle time of each product is estedat
The machining of this part has been simulated withWith DFP method. Figure 6 is the “manufacturingleyc
the CamWorks module of SolidWorks. For the two Al- time” screen sheet, which contains: Processing time

ternative Groups AG1 and AG2, the two machine asnte table, Setup-processing time table, products taivle
selected to perform all operations of a work piaeeNC ~ Pprocess plans table. The processing time are ¢attac
milling machine and NC lathe centre. from XML files and displayed in the processing time

Operations to be performed are the same for these t table.

Alternative Groups. However, Cutting Conditionsplto The setup-processing time table contains the pro-
path and cutting tools are not the same. Thergfooe  cessing rate (parts / day), the setup time ancs®¥ of
cessing times are not the same. Table 2 listsothaé t setup time and processing time which are equal to 1
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In the next, we present an example of calculatam
the first alternative group AG1. Cycle time estimgtof
AG2 is similar to AG1.

Arrival Aggregation

Release rate is firstly calculated. Batch sizesfiaesl
to 15 and 25 unit/batch for the first and the secprod-
ucts.

Using Eq. (3), for the first product, release ristd.6
(batch/day), and 1.6 (batch/day) for the second dirtee
SCV of aggregated inter-arrival time at the firsiahine
is determined using Eq. (6).

We need to determine the SCV of inter-arrival tim
for each productd(;) using Eq. (7).

2-1

I — —_
Cl_E_o'()B?’
cf2=";—';=o.o4,
. 1.6x0.067+1.6x0.04 0.053
@= 1.6+1.6 TR

Processing time aggr egation
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f The mean of the batch processing time for each dam
each machine are then obtained. Since the part pro[
cessing times on each machine are exponentialtyitdis
uted, SCV ¢;) and ¢%) are equal to 1.
The SCV of total processing time on each machine is
calculated using Eq. (9).

(2.38)2¢];=15x1X7.5+602x1+ (30+60)°x1

Since all machines are perfectly reliabte< 1),
Cc;= C+j andt i= t+j.

os ¢,=0.09,

c1,=0.10.

The adjusted aggregate process times of jobs at the
lathe centre and the milling machine are calculasd
follows:

»_ 1.6%2.38+1.6x1.75_

1= Tems 2.07 hours,

*

_ 1.6x2.00+1.6x2.00_
=

1.60+1.60 = 2.00 hours.

The batch processing time is the sum of the mean

batch setup time and the mean total processing(tify)e

And the SCV of the adjusted aggregate process times

The mean batch processing time of the first productre calculated using Eq. (14).

(i = 1) at the lathe centr¢ £ 1) and the milling machine

. ] 2f & L ay_ 1.6X(2.392x(0.09+)+1.6x(1.752x(0.1+D
= +1)=
centre | = 2) are: (2.07?(c1+1) T :
t7,=15x1X(7.50+60+(30+60) = 2.38 hours, @ 00)2( *+1)= 1.6%(2.002x(0.10+D+1.6X(2.00)2x(0.06+1
’ C 1.85+1.9 !
15=15x1X6+60)+(20+60) = 2.00 hours.
- — — -
() ocep [FEER—=
File Products Manufactunng System  Mamfactunng Cost  Quality Process  FMEA process  Alterantive Group  help 7
Froducts Setup « Processing time:
Products PAERT 34 |Produci2 PAERT 34 |Pioduct2
Thioughput [parts/day] ] 10 Piocessing rale[part/day] 56,01 160,00
batch size [parts/balch) 15 * Setup time_[rmin] 0 20
Release iale  [batches/day 160 160 S0V plocessng time 1 1
SCV SETUP TIME 1 1
S0V [Ceql 008 0.07
NC Milling Machine
Fccus Fre Fiocesting e [pat/oey] %m0 12000
PAEFIPZ | Agigiegate | :
AT . - Setup time  [min) 10 an
Job processing time [How] | 1+1 | 142 | ¢ | C
S0V PROCESSING TIME 1 1
NE Laths Cente: Zh4 158 21 015 SO SETUR TIME - - R
NC Miling Machine 142 2397 180 01 SOV [Coi) 007 008
PatHane [PAEFT3
Procesting Tena
Operaiions Tool description |Tive (il |Speediipm) [ZFeed | | | || Patip [HOL 20084
PAERTM | | s e
Ebauche lownagel T1 - 0L 4xB0° Flhombique 52 10008 00 Material | OMEVE =
Ftion lowmage T2 - 0,4455" Rhombique 1.07 000 00 o
Foeed & canbedl T12 125 by 125 Foret & conties 046 1000.00 05 o sterisl h]ﬂﬁﬂw
Ebauche daléiage] T14 - 0.8xB0° Fhambiqus 120 400,00 o
Frui & 1 . i ) —
;:dmd#.;ge;ne T14 - 0.8v80° Rhambiqus g:; 0000 013 Quantly [1200
HC Miling Machine Batch
Fedediddeeere . =T LI el e size [15
Foret & cantres19 16MM B0 DEG CARE CENTERDRILL 250 2000 100 Dosbed
Feeell8 S JOBBER DRILL 416 B B cughput |24
Teabal i s barerum brea & l[ Th
Manufacturing System | Products | Open | Ext ]
Tab 0 | Quality Process | Cost Estlm:li:gl

Fig. 6. Manufacturing Cycle-time estimating.
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File  Products Manufactunng System  Manufactunng Cost  Ouabty Process  FMEA process  Alterantive Group  help

Marwi actunng Ciogt E shmabon
Taokng Cost

Opetstion - E‘mc Cutting Tire | Tool Life =l

Fioduct 1

Ebasche loumage

T1 - 0.4:530° Rhombague

Finition lowmage]

T2 . 04x55" Ahombsque

Foiat & cenkier]

T12+125by 125 Foret &

03 o5
09 05
04 05

5.20
1.07
046

Enstﬂ ] T ]

Ebsuche dalésagel

[ T ——"r]

T14 - 0 8x80" Rhombique 03 05 120

TAd N DN Dbl 1 na nE nca

Part Irdoimation
Pact Hame IPAERT_34
HOL_200_84

SMCVE -

Aciraty

ALY AG2

Activity Activity cost € | Cost per ure: € ] Fuctivity cost € | Cost et unkt £

Frogramemng and teitng 100 0083

Procesing 454 484

Loadiunl oad 1 1

[ 12

g 053 ,

5 0.33 ; Faw

1 1 I atenal
8,983

PatiD

Materal

11001103500

Manul actunng coit ©

Qusardity ﬁm

Cost bazed FMEA Batch
: Sirweal | Arwasal mple- I
Iﬁ iS ID IRF‘N |.r3.temalweﬁchm | oA Siatl il

Irkemal | Exiemal E‘lﬁ
costlavent | cost/event
12833 18 12869

12633 18

Desied
Theoughout [28

Open

Tab 8 | Ouality Process | Codt Estma
Mamufacturing System ! Plodutu. |

Fig. 7. Manufacturing cost and cost of failure estimating.

Manufacturing cycle time is approximated by Eq.

¢ =0.11, (18). For the lathe centre:
¢, =0.10. TT; = 5% (0.053+0.13 X 08288) x2.07+2.07 = 2.88 .
The adjusted aggregate process times are gathered i And manufacturing cycle time at the milling machine

the process plans Table in Fig. 7. is:
» Flow variability propagation and cycletime

Machine utilization is calculated using Eq. (15heT
aggregate process time calculated previously isikey
formation to estimate machine utilization, for theo

TT, = —X(O 121+0.) >< x2.00+2.00 = 2.77 .

)

And the total manufacturing cycle time for this tpiar

machines: the sum of the manufacturing cycle time at the -
chines, it equals to: 5.65H.
u=2.07x% 6"16_ 82.80 %, For the AG2, the total manufacturing cycle-time of
this product is: 5.73H.
u2=2.00xw= 80.00 %.
8 4.4. Manufacturing cost estimating
For the AG2: Manufacturing cost is estimated using the ABC meth-

od; the activities involved in the manufacturing@ess
are: programming and testing, machining, load/uhloa
setup, handling, inspection and Material.

The machining cost is calculated using Equation).(25
The previously estimated processing time by DFP
method is incorporated in Eq. (27) used to estimate
manufacturing cost on each machine. Figure 7 id¢ cos

tem sheet, Fig. 8, contains the valugandu, of the two estimating screen sheet which contains tooling ,cost

alternative groups, and the chart is automaticafiglat-  @ctivity tables and cost based FMEA table. _
ed. The first table summarizes costs related to thengut

The SCV of inter-arrival times at the second maehin 00Is involved in the manufacturing process; itviies
data needed to estimate tooling cost using Equé#6h
We assume that the hourly cost of cutting tool.&s€9/ h
and the tool life time is 3 hours and the tool destqual
to 0.5 €.

(1 6+1.6 _

u;=2.11x——= 84.40 %,

u,=1.80x219 = 72 00 %.

Resource utilization table in the manufacturing-sys

is:

c2a =cl d=1+ 0.82 2x0.15-1+1-0.82 2x0.062-1=0.121.
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Selection table
Process Alternative
A1 AGZ

E waluattion criteria Impartance [%] Walue | Score Yalue | Scare
Reduce Throughput Time 20 B.73 9 576 5
Reduce Resource Ltilization 20 a1.40 Rl 7820 9
Improve quality CCP 20 1.24 a 1.3 9
Reduce cost of manufacturing activities [BBC) 20 973 9 938 a
Reduce altermative action cost 20 1] 1
Tatal ha
Mormalized [%) 4394

Fig. 8. Process alternative selection table.

For the AG1 machining cost is 4.84 €. Finally, manu
facturing cost is the sum of activities co€ts,= 8.98 €.
For the AG2 manufacturing cost is 9.23 €.

4.5. Failurecost estimating
Downtime to detect the failures is 15 minutes aral t
hourly labor cost is 2 €/H.

15min

= x2= 05€.

Labor cost

According to results of the previous stage in teohs
manufacturing costs which is 9.98 €. For the AG25 (+
9.98 =10.48 for AG2).

External cost is supposed to be the same for AGL an
AG2 and it is equal to 18 €.

Crgre = 1200x P(5) x [P(4) x 1048+ (1 — P(4) x 18)],

Crere = 1200x [ﬁ) x (0.31x 1048+ (1 — 0.31) x 18)] =
54 €.

5. CONCLUSION

The objective of this paper is to propose an apgroa
to develop a new tool that helps process plannémto
prove the effectiveness of Process Planning. Qualist
and lead-time are taken in consideration by prop&ss
ner during the selection and defining the procesisats
have to be performed in order to transform raw nte
into an end product. In this paper, a QCLPP apprasc
presented; it is based on tools such as QFD tecaraqd
process FMEA to assess the product quality via & CC
index. The QCLPP approach also includes the ABC and
DFP methods to estimate respectively the manufiactur
cost and cycle-time. The output of each methodathg
ered in a selection table to help the process platm
select the most suitable combined alternativesrims of
quality improvement, cost and lead time meeting.age
study is presented in this paper to illustrate théswv
developed approach.

The implementation cost of the proposed alternative6_ REEERENCES

actions is 50 €.

Crlgr = 1200x P(2) x [P(4) x 1048+ (1 — P(4) x
18)],

Cr' ar=1200% mf)'ioo x (0.31x 18+ (1 — 0.31) x

10.48)] +100= 10054€.
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