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Abstract: The flow of materials is a major constituent ofpliant logistics and similar factors govern reseurc
requirements and material flows. In particular, liydactors and the configuration of the qualitgsarance — the
inspections' system. Nonetheless, no study corssttlerassociation between and the dependencieatefiat flows on
quality levels and the configuration of the inspmws' system. The configuration of the inspectiaystem affect the
structure of the material flow network by addinglas — inspection stations, to it and changing #iles) accordingly. In
addition, the quality levels, the configurationtiog inspections' system, and inspection error sggsficantly affect the
volumes of material flows. These effects are qtiadti demonstrated and discussed in this study.

1 Introduction in the well-known systematic layout planning (SLP)

"Material handling is of extreme importance to kigis Methodology [4,5,7], the design begins with inpatad
and manufacturing industries as it accounts fomrgel collection from which material flows and resource
percentage of the operation."[1] This work is coned requirements are derived. This study is concgrnﬂsﬂ w
with the flow of materials in manufacturing process these initial steps, more accurately, with thestation of
which can be conducted either inside a singleifpcit be the production data into both material flow caltigias and
distributed between several links of a supply chaifiandling relations and, in particular, with the elegencies
Material flows are a primary input to facilitiestsign and ~ of material flows on quality issues. _
to the design of the material handling (MH) systemd Quality issues have drawn large attention, butvet
the flows, the layout and the MH system signifitgnt Mmajority of the quality and operations systemseaesh,
affect the performance of the entire system — prtidni or ~ Naturally focuses on operations management. Opagati
service system [1-7]. are managed in an existing system where the cépeil

Even larger attention has been drawn to qualityeiss and capacities of the resources are given, at feashe
but the vast majority of the quality and operatispstems hear future. Resource availability constrains arfteno
research, naturally focuses on operations managemdiinits system's operation. The question is, thematvis the
Still, the dependency of the volumes processed Rest that can be done with, or how to best utilthe,
production/manufacturing faciliies and consequentf  available resources. This is often termed throughpu
capacity and resource requirements on quality ks b analysis (e.g., [8]). However, there are other, less
noticed in the facilities' design literature. Howevwhile ~important questions, including the question of waratthe
similar factors govern resource requirements angbriah appropriate resources? What are the required dajessboi
flows, no study associated quality and the confiian of and capacities? What amount of each resource est b
the quality assurance system with material flowd tre  satisfy the requirements? These issues are usoélly
design of the MH system. This is the aim of thiskudao ~ concern with respect to production resources keib&no
study and characterize the association betweentrand less significance with respect to MH resources (§9gL0],
dependencies of material flows on quality and oa thwhich are ‘throughput analysis' studies).

configuration of the quality assurance — the inpes’ Resource requirements, quality and flows are centra

system. issues in the facilities design literature, whielstus (e.g.,
[3-6]) that extra capacity is required to compeeasiar

2 Literaturesurvey yield losses due to imperfect quality. Yet agdie, tesults

are rather limited. First, “very limited work exstin
analyzing assembly system quality when multipledpobs
are produced in the same system” [11]. Qualitydssu

To locate this study within the existing body of
literature, it is best to refer to the descriptiorf2], where
two approaches for facility design are discussedthB o . :
approaches involve complex processes, but in betie fis including inspection errors, like other componemnfs

a single origin, which provides the necessary inplﬁpanufacturing/prpduction systems, are stochastic in
information for the whole design process. In thestfi nature. Stochastic models of production systemg.,(e.

approach, it is termed 'material flow calculatiomdtile in  [12:13]) are usually based on queuing theory amtéie

the second this initial phase is decomposed intosteps: conside.r process_iljg and productive times, while fike
‘input: production data’ and 'handling relatiosmilarly, ~Production quantities are of concern. Some (e6313])
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translate the changes in quantities to time byaiinfy
processing times, but this approach is limitedsrability
to cope with assembly systems of multiple prodwetsch
are of major concern in this study.

The work of Eben-Chaime [14] is, perhaps the §itep
in this direction (and note the difference betwdbp
analysis in [14] and the incomplete/imperfect asialyn
Appendix A of [6]), but even in this work inspegt®and
inspection errors are disregarded. A common metbod
coping with defective items is to make inspecti¢ag.,
[15-19]). Nevertheless, focusing on quality, mdsidges
on inspections (e.g., [17-19]) concentrate on dye |l —
missed defective units, while taking no noticehaf tvaste
which is associated with type | errors — false atijas.
Very few studies, if any, consider assembly systemaity

manufacturing/production process of each productbea
described completely by a single OPC, even when the
process is decomposed into sub-processes' whiclbean
performed at different locations and/or by diffaren
organizations. The OPC of the product used indhidy is
portrayed in Figure 1 and includes the three maistraon
activities: operations, which are represented byglas,
inspections, which are represented by rectanguzes)
and material flows to which the arrows correspohite
arrows describe the flow of materials between syiset
activities and are directed according to the floismte
process. It should be noted that each branch eri@ssof
operations, in an OPC correspond to a componetiteof
product while operations with more than a singléryen
depict assemblies where the entering arrows carneso

with inspections and inspection errors of both $ypethe components. The activities are numbered tditétel
Furthermore, while similar factors govern resourceommunication. These are the top numbers in tratesir
requirements and material flows, no study considees and boxes: 0 and 3 are assembly operations, 1a2d%
association between and the dependencies of nlateaee inspections and the rest are regular (non-ddgem

flows on quality and the configuration of the quali
assurance — inspections', system. The configurafiohe

inspections' system affect the structure of theenedtflow

network by adding nodes — inspection stationst &nd

changing the paths, accordingly. In addition, thality

level, the configuration of the inspections' systeand

inspection error rates significantly influence tr@umes
of material flows. These effects are discussed tifieth

and demonstrated in the sequel.

3 Method

Without loss of generality, the dependencies of th_

material flows on the quality level and the confagion of

the inspection system are demonstrated by seve

numerical examples. Basically, the method follole t
principles in [14], yield rates are calculated mapposite
direction to material requirements (required quaes), the
inversion of the input-output relationships, theuatyield
(defect) rates of assemblies, etc. However, ingpecare
not considered in [14] and their inclusion requs@me
modifications. First, theroduct structure does not include

inspections and hence, should be replaced by amot

model. Besides, inspections are activities not comepts.
Hence, to includes inspections, the descriptiomishioe of
the manufacturing/production process. Then, caficunla
of conforming rates and required inputs, similartte
calculations of material requirements and actugtyiates
of assemblies, should be developed for inspections.

3.1 Process description
An excellent process description is tloperations

operation.

(]

5
2 |+ <+
@ 3 200
‘ 6
60 2 | 150
4— 3

20
2

2 150

3

Figure 1 An extended operations process chart
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[FHe OPC in Figure 1 is an extended version, which
contains additional information as suggested bylé&pp
The letter in the middle of each circle is theistatype
which has been chosen to do the operation, white th
number on the circle's bottom is the mean defe¢etdain
percents, 3 = 3%. There is some freedom to chduse t
station type for each operation, which is highgngiicant,

r'?é?‘t the calculations need to be done for each auettibn

of choices because the defect rate (and the pingdsae)
depends on both the operation and the station wh&e
performed. In the sequel, ldtj > 0 only for the chosen
station type. The numbers in the boxes, below thigity
number, are the error rates: typeai, in the middle and
type Il, 4 on the bottom. The single digit numbers by the
arrows are the assembly ratios, which are spedifigde

bill of material of each product (e.g., [6,20], whithe
larger numbers are the number of units per material

process chart (OPC), which is discussed briefly towardd'@ndling trip. Namely, in operation 3, two unit tfe

the end of [14]. “The operations process charhis of the
most useful techniques
Actually, it is a ‘diagram’ of the manufacturing prcess

It has been used in many ways as a planning antoton

device. With the addition of other data, it carek&emely
useful in manufacturing management” [3]. Moreoubg

in  manufacturing planning;

component which arrives from inspection 5 are afeun
ith a single unit of the other component and ieration
, a single unit of the component on the lower bhais
added to three sub-assemblies. Likewise, the assdmb
units moved from operation 0 onward in lots of 20ts
while the units on the lower branch are moved is lof

~ 86 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 6 2019 Issue: 3 Pages: 85-91 ISSN 1339-5629

THE OVERLOOKED DEPENDENCIES OF MATERIAL FLOWS ON QUALITY AND QUALITY ASSURANCE
Moshe Eben-Chaime

150 units all the way from the raw material storagego component types, assembly ratim(k), component
operation 0. Like the defect rates which dependhen conforming ratesk and self defect ratd, is:

choice of station, the number of units per trip efep on

the choice of MH equipment. Thus, the configuratibthe ' ys =(1—d,) H’,ﬁzly,?l(k), @)
MH system has a significant influence on system's

performance, but again, the calculations need tddve \here the self defect rai in the portion of the units that

for each configuration. turn defective during the assembly. Eq. (2) can be
] generalized to include non-assembly operation, hyo,
3.2 Assumptions letting K be 1; i.e., a single component type, whose

The calculations in the next sub-section are baged assembly ration(1) = 1, too. Accordinglymk) = 1
certain assumptions, which are listed below. Ofrgeu anywhere in Figure 1, unless a larger value isifipéc
these assumptions do not hold completely, but esethe  explicitly. Due to the use of the conforming ratésthe

results provide very good approximations. B components, these yield rates should be calculatstd
1. The workstation has already been specified for  Hence, yield rates are calculated forward — aldmg t
each operation. direction of the OPC's arrows.

2. The operations are independent of each other. An addition of this study, is the inclusion of irstions
3. The inspections are independent of each other. and inspection errors. By assumptions 6 and 7,ghmits
4. The operations and the inspections are independefte removed from the process by inspections. Hence,
of each other. inspections' output is smaller than the input. Adsies’
5. All processes are statistically in control. output is also smaller than the input but for dedint
6. Defective units are detected only by inspections. reason — the join of several components to forrmgles
7. Each defective unit is removed as soon asitis  (sub)assembly, and by assumption 6, the outputezj@ar
detected. operations equals its input. The units removedofm@ne
As noted, there is some freedom to choose thestatiof two types: defective units and falsely rejeateits, due
type for each operation, but the calculations nieele to type | errors. With the ‘contribution’ of typec errors,
done for each combination of choices. Assumption$ 2 the approved units are also of one of two typesfarming
are used in the calculations of the yield of seufatesses units and missed defective units. lcebe the defect rate
reasonable, as different operations/inspections a#¢s type Il error rate. Then, the portion of unitst
performed at different stations. Assumption 5 i@plihat  qntinues after the inspection &d + (1-a)(1-d) and the
items turn defective due to random causes onlyann conforming rate upon leaving the inspection is:
independent manner (e.g., [16]). Some defectivdsuni
might be rejected not by inspections, but the numbee _ _ _ _
small and assumption 6 greatly simplify the prestor. A=axA=-d/fxd + A-axA=D] €
The calculations can be modified to handle casesravh However, inspections fix nothing. It is the remoud!

assumptions 6 and 7 do not hold. Finally, meanotief#es e gefective units detected by the inspectiong tha
and mean error rates are used, since long-terarp@fice  jmnroves the outgoing quality. Further, usually eaanot

of repeated processes are considered. tell whether a rejected unit is defective or adatsjection,
) whenever units are rejected more units must beuoezt
3.3 Calculations to replace them — any rejected unit requires corsgtéom.

First, recall the basic principle noted in [14]Jo8uction Hence, the required input of an inspection is:
planners know how many end items are needed anmd fro

these figures, order quantities are calculated veaak — QI(1 —a) x (1 —d). 4)
opposite to the direction of the OPC's arrowsnasaterial
requirements planning [20]. Further, defective sinénnot Following the description above, each OPC is treaer

be used as intended. Hence, more units shoulddoip®  yyice. First, with the direction of the arrows, éaming
to replace any defective unit. Consequently, tmep& | 5t65 are calculated using the generalized Eq.fdR)
input-output re_latlonsh|ps, with imperfect qual@?“t_z(l- operations and Eq. (3) for inspections. Upon attivahe
d)-Q", whered is the mean defect rate, should be invertegist activity, the overall yield rate of the whaieocess is
obtained. Then, a backward traverse is conductbe. T
Q= @/(1-a). (1) process yield rate is substituted in Eq. (1) tovéethe
required input to the last activity for the desiriegut.
In the sequel, the conforming or yield rates 1, is used Then, going back on each arrow the required inputtfe
for convenience. _ activity in the arrow's head is multiplied by thesambly
Recall also the actual yield ratg,® of assembly ratio on the arrowm(k) = 1 if not specified otherwise, to
operations, which, for an assembly operation Wh determine the required output from the activity the
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arrow's tail, and Eq. 4 is employed whenever apeoton
is encountered.

4 Reaults

from operation 4, only about 8.7% or 170.6 unite ar
defective, on average. Another 1,954.4 - 1,0000.6 %
783.8 units, are conforming units which will either be
assembled with defective sub-assemblies or therduge

Key factors, as noted in the introduction, are th@ill turn defective in operation 0. The same hatd the

volumes of material flows, which are derived frohet
volumes of material requirements. Consequentlyerait
requirements are considered first.

4.1 Yield rates and material requirements
Material requirements, as also noted, depend on
yield rates. Hence, the calculations begin witls¢hrates.
The calculations are demonstrated on a couplengblsi
cases — no inspection and a single, final, inspedaiter
operation 0. No inspection means that the inspestio
activities 1, 2, 5 and 6 are inactive. Thatas: 0 andB =
1 for all four inspections. Assuming, for converdgeronly,
that the arriving materials to operations 9, 10 ahdre of
perfect quality, the yield rate of each is 97%. Simting
this value in Eq. (2) for operations 7 and 8 reisu@4.09%

sub-assembly: 979.3 defective sub-assemblies atave
operation 0, out of 5,863.3 and only 3,000 areireduo
assemble 1,000 units in operation 0. This leal/884
conforming sub-assemblies, on average, which vithilee
be assembled with defective mates (sub-assemibies)
gglective unit of the other component, or the agbgturn
defective in operation 0.

A simple, perhaps the simplest, way to improve the
outgoing quality is to inspect the assembled uniten
leaving operation 0. Assuming that= 2% andB = 3%, as
specified for all the inspections in Figure 1, d@ot2% of
the conforming assemblies will be falsely reject€tus,
only 0.980.5117= 50.14% of the assembled units will pass
the inspections. In parallel, 3% of the defectissemnblies,

a hit less than 1.5% of the assembled units wiliniesed

yield rate for both. Continuing from operation 7 tdPy the inspection. The resultant outgoing quaktythus,

operation 4, the yield rate of the latter is ab®lt27%.
Passing over the inactive inspections 5 and 6yité rate
of the assembly operation 3 is: 0@8409-0.97~ 83.3%,
where the first 0.97 is the self defect rate ofaksembly,
while the 0.97 at the end corresponds to the coemon
which arrives from operation 9. The term is the digd
corresponds to the component that arrives fromatjuer
8 and is squared because its assembly ratio iaszirRy,
again, over the inactive inspections 1 and 2, thlel yate
of the assembly activity 0 can
0.970.91270.8333 = 51.17%. Noteworthy are the
assemblies' mutual effects — the dramatic dropefteld
rates in operations 3 and 0. In this example,dkevalue:
51.17% is the process yield rate, too — the outgqirality.
This implies that just a little less than halfleétassembled
units are defective. Consequently, in order to peedsay,
1,000 conforming units, 1,000/0.51%7 1,954.4 units
should be assembled, on average, knowing thatenage,
954.4 of them will be waste.

Traversing back on the OPC, no assembly is conducfé’I
on the lower branch of the chart and hence, theesath

number: 1,954.4 units are required in operations dnd
10. Since 3 units of the sub-assembly, which aserabled
in operation 3 are assembled in each unit in oerd,
about 5,863.3 sub-assemblies are required. Thenbhse
ratio of the components which arrive through opere® is
1, 5,863.3 units are required of this componentlergome
11,727 units are required of the other componehpse

assembly ratio is 2. Note again the assembliesuahut

effects. Of the 1,954.4 units which arrive to ofiera0

97.16% (roughly 0.5014/(0.5014+0.015), up to the
rounding of the numbers). While this is a significquality
improvement, the required input has grown, accgrdmn
Eq. (4), to 1994.3 units, on average, adding yeemaste.
Three more cases, where some in-process inspections
are active, have been analyzed: inspection 1 amde?2
active; inspections 5 and 6 replace inspectiohdt,is 2, 5
and 6 are active; and all four inspections arevactrhe
results are summarized in Table 1. In the leftwwlun the

be calculated@ble; A#, the activity numbers are listed. In thext

column, S#, the successor of each activity, thigcht

the head of the arrow pointing out from the acyiuit A#,

is shown. These activity-successor pairs play inaoor
role in analyzing material flows. In the column Hed
'type’, the station type chosen for each activitiie-letter

in its circle in the OPC, is shown. "I" in this aahn
indicates inspection. In the column headedi)’, the
assembly ratios are listed while In the column leeldd/t',

the numbers of units per MH trip are listed. Thma&ing
umns are paired — a pair for each case. Irefhedlumn
each pair, which is headed 'volume' the material
requirements are listed. The numbers calculatedieabo
appear in the two pairs on the left: no inspectiod final
inspection. In the right column of each pair thenber of
MH trips are listed. These numbers are obtained by
dividing the corresponding volume by the correspiogd
number of units per trip. The number of trips oa tbw of
operation 0, for example, are the correspondingmels
divided by 20.
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Table 1 Material requirements and material flows

A|S No inspection | Final inspect. Inspect. 1+2f Insped+b | Ins. 1+2+5+6
# | #|type| m(i) | u/t | volume| trips| volume trips volume trips volumerip$ | volume| Trips
0 1 20| 1954.4 97.7 19943 997 1053.1 5p.7 1149.35p571037.4] 51.9
110]1 3 60 3870.2| 64.5 3289.5| 54.8
2101 1 | 150 1177.4] 7.85 1284.9 8.57 1159.8 7/73
3| 1| SA 1 60| 5863.3 97.f 5983 99.7 387p.2 645 HAB7.5| 3289.5 54.8
42| D 1] 150, 1954.4 18 1994/3 13.3 11774 1.85 ™B4L.57| 1159.4 7.78
5131 2 | 200 7478.3] 37.4 7135 357
6|31 1 | 150 3627| 24.2| 3460.5 23.1
714| G 1| 150 1954.4 13 1994{3 13.3 11774 71.85 ®B8.57| 1159.4 7.78
8/ 5| D 1| 2000 11727 58.p 11966 59.8 774D.5 38.7 BA/87.4 7135 35.7
9/ 6| G 1| 150 5863.3 39.1 5983 39.9 387D.2 25.8 36242 3460.5 23.1
10| 7| C 1| 150 19544 1B 19943 13.3 11774 7.85 .288.57| 1159.8 7.78
11| 8| C 1] 200 1172y 586 11966 59.8 7740.5 38.7 .B34787.4 7135 35.7

The yield rates of the three cases on the right efd activity on its tail, as in the columns headse() and 'u/t
Table 1 — with in-process inspections, are: 94.96P4)1% in Table 1. An assembly ratin(i) associates each activity
and 96.4%, respectively. These values are less ttian to its successor and the 'u/t' entry is the nurabenits per
97.16% of the final inspection but much higher tarl7% MH trip from the activity to its successor. Howeyer
with no inspection. Further, the corresponding ades several operations can be conducted in the sartiensta
involve much less waste as indicated by both ttheéwes — type and materials flow between stations. For exantipe
the material requirements, and the numbers of Npp$ in  arrow between operations 11 and 8 represents fimns
the corresponding columns. In this example, thlstation type C to station type D. Similarly, theosy
replacement of inspection 1 with 5 and 6 appearbeto between operations 10 and 7 represents flows fran@&
inferior — lower yield rate and higher waste, whitee This information can also be found in Table 1. kothe
addition of 5 and 6 to 1 and 2 requires deeper @ation example in Figure 1, but in general, there mightriamy
since two more inspections are required to obtather arrows between the same station types, eithereirsdme
small improvements. Cost factors might be incorfmtan OPC or in different OPCs of other products whick ar
the analysis to facilitate resolution. produced in the same multi-product system. The MH

Another phenomenon in Table 1 are the empty celtsistem should handle total flows: the sums of tes —
These cells correspond to inactive inspections arel of the numbers of material handling trips, onlad &rrows
associated with the structure of the material fleetwork, between the same station types and in the samaidire

as discussed next. This information and this discussion lay the fourmes
for material flow analyses.
4.2 Quality, inspections and material flows Figure 2 is the core of this study. It portrays agerial

In this section the goal of this study is arrivédtae flow networks: structure and volumes, for the caises
association between and the dependencies of niaterf@ble 1; but while there are five cases in Tableete are
flows on quality and the configuration of the qtali only four networks in Figure 2, because in the nekwa)
assurance — inspections', system. Observe thag few both first cases of Table 1: no inspection and Ifina
arrows can point into an activity, only a singleoar points  inspection, are presented. This is done by dispéativo
out of each activity in Figure 1. This is a generayolumes on each arrow: the smaller volumes correspm
observation, any OPC can have this attribute andtifit the 'no inspection' case, while the larger volumes
can easily be decomposed into several OPCs, eachcefrespond to the ‘final inspection' case. Sinee'final
which has this attribute. As a consequence, thigityet inspection’ follows operation O, it is not shown time
successor association can be used and the relevagtwork (a) but the arrow pointing out of operatfoaither
information to each arrow can be presented nexh¢o leads to the inspection or elsewhere — storage, etc
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(d) Inspections 1, 2, 5 and 6 are active (c) Inspections 2, 5 and 6 are active

Figure 2 An extended operations process chart

A quick glimpse at Figure 2 tells the whole stdfiyst, and 'out of control', where even when a procesinis
the structures of the four networks are differerd second, control' the quality is not perfect, but within aptable
the flow volumes are different. All these differescare level; e.g., [15,16]. Hence, the questions at tiet & the
ramifications of imperfect quality. Changes in dydkvels previous section always exist, including the imgticns
— the yield rates, will result in different volumédoreover, on material flows and the MH system and its design.
imperfect quality forces the use of inspections Bigdire 2 Surfacing these facets, which have been ignoresl féwu
clearly demonstrates how the design of the inspectidespite their significance, is a significant cdmition of
system affects both the structure of the matedialv f this study. In addition, the tools used above amecally
network and the volumes of the flows. applicable to analyze and design manufacturing/{prtioh

systems of multiple products with assembly openatio

5 Conclusions

Comparing the numbers in Table 1 and the netwarks i
Figure 2 reveals the complexity of the inspectigstem's References
design problem. To illustrate, consider the arrmmfD to [1] LEUNG, C.S., LAU, H.Y.K. Smulation-based
FA in the network (a). Inspection 2 splits the Mips on optimization for material handling systems in
this arrow — each trip is divided into two legst thile the manufacturing and distribution indudtries, Wireless
volumes on each leg is smaller than both valuethén ~ Networks, pp. 1-22, Nov. 2018.
network (a), their sum is larger. The distancesatef the [2] TELEK, P.: Process-based planning of material
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more work to the MH equipment. Consequently, the Materials Science and Engineering, Vol. 448, p1-1
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easy to imagine. No system is perfect. In the guali  Facility Layout and Location: An Analytical Approach,

literature, in particular, there is a distinctioatieen ‘in' |2”d ig-ézEnQI'eWOOd Cliffs, N.J. USA, Prentice-Halll
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