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1
Abstract. Planning is needed in quality control forLlhe target output produced is g.(x)d. Quality
control in the production line is carried out based oh the inspection with acceptance of products
that meet the requirements. This quality control method 1s carried out by allocating the quality
control station flexibly to separate the rework products to be reworked and scrap to dispose UfJ
The number of acceptable product proportions will depend on the ability of the production lin
to produce the product expressed in the probability of the product defect. The probability of a
production line defect producfwill be affected l(1|lhe probability at each work station, where the
proportion of pmduclldeiécts that oceur will also determine the allocation of the number of
quality control stations. Research that discusa the allocation of quality control stations by
considering the probability of the final product on the pr()ducﬂn line and the proportion of work
in pl‘()ccsjd()cs not yet exist, therefore researchers intend to do so. The development of this
model is done dxy developing an objective function to minimize the total production cost] The
total cost consists of processing costs, inspection costs, waiting costs, quality control sthtion
assignation costs, rework costs, and scrap costs. The aim is to find the configuration of the quality
control station allocation in the production line at a minimum cost. From the results of the study
()blainan quality control station| allocation model that can minimize assembly costs and be
flexible to changes in demand parhmeters, costs, defect pl'()bilbilil)’|()f finell| product,

1. Introduction

Quality control in a production process is a very important factor for the industrial world, in addition to
maintaining consistency in the quality of the products produced according to market requirements. This
can be done because good quality control and is carried out continuously will be able to detect
abnormalities of quality products quickly, so that anticipatory action can be taken immediately. If this
quality control is not carried out properly, it will cause a lot of wasted material, energy and time, and of
course much cost, so that it is thought to create a system that can prevent problems regarding quality

[1].

Quality control can be carried out in various ways, one of the ways in quality control based on an
inspection by receiving products that meet the requirements and rejection of products that do not meet
the requirements [ 1]. Inspection is an activity to test products, production components, and materials to
be processed in order to comply with design specifications. Inspection activities are important in the
production process because these inspection activities will conclude the quality value of a product is
good or not.

Products classified as nonconforming will be separated into rework and scrap products [2],[3] as follows:

1. Rework is a nonconforming product with a job repeat that guarantees the product will conform to its
specifications. The method used for reworked products is reworking nonconforming products using
{fie same resources and facilities.

2. Scrap is a non-conforming product that cannot be repaired or is not economical to repair so it will be
discarded.




Rework can be distinguished in 2 ways, namely the resources used and the route of the process traversed
by the reworked product [2]. In terms of the resources used it can be done inline. Inline rework product
repair will return the nonconforming product to the upstream workstation and rework with the same
facilities and resources according to the work operation standard while the production flow is working
(Figure 1).
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Figure 1. Inline rework

In terms of the process route that the reworked product will take, it refers to the stage or work station
that the reworked product will pass through. In Figure 2. the reworked product is job repeat specifically
only for the defects that are found and each damage is repaired at a specific stage to repair the damage.
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Figure 2. Multiple stages in online rework

Meanwhile, in a single stage rework products will be repaired through regular processes and facilities
so that the reworked product will go through the production flow again (Figure 3).
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Figure 3. Single stages in 0r1]ine| rework

Quality control station configuration shown it eﬁ'ectLof work in process inventory, by allocated quality
control stations on a sefff production line with 4 independent work stations than by following Little's
law, the expectation of work in process inventory in the system was reduced from 46% to 31.18%. The
advantage of eliminating work-in-process inventory is that it saves production costs [4].
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Figure 4. Cmnparison| of the allocation of quality control stations to work in process

Figure 4 explains that the more quality control stations allocated will be able to reduce work in process
[4], [5]. However, the increasing number of quality control stations assigned will make the assignation




costs even higher. Therefore, with the right number of quality control stations, the total production costs
that must be incurred will decrease.

By Efhimizing work in process inventory, the rework rate can be kept as low as possible, by minimizing
the average work in process in the production flow, it will be able to reduce the rework rate [5]. On the
other hand, if the average work in the process increases, the rework rate will also be up linearly.
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Figure 5. ‘Comparison| of the| quality products to allocation of quality control stations

Figure 5 explains that changes in the parameters of the quality product express in a proportion of non-
conforming products will directly affect the allocating quality control station decision [6], therefore
quality products at the production line must be planned coherent. Instead of planning the quality aﬂthe
workstation, the quality must be planned at the production line based on the output requirement. Trade
will establish an optimum number of quality| control stations based on quality product probability.

To support the decision to optimize good quality products and reduce work in process inventory,
optimization of finished product inventory is also carried out. In optimizing the finished product
inventory, one way that can be done is to only produce the amount needed [7].. Another concept that is
similar to the Toyota Production System is Lean Manufacturing [8]. These two concepts are used to
solve the problem of products being available promptly bo@h quantity and in place so that the inventory
level can be kept to a minimum because it only produces what is needed and only when it is needed in
the quantity needed.

If the production flow only produces the amount needed, in this case consumer demand, then the

production flow can save both production costs and raw material costs. Furthermore, by using this
system, the production system can accommodate changes in demand while maintaining a minimum

inventory level.

Figure 6. Flow Process Diagram




In Figure 6, to control the amount of final production level, the probability of the production line must
be planned. The production line probability has planned referred to output requirement, then the
probability of workstation can we know.

2. Model Development

Ilustration of the production flow of the proposed model used in this study is as follows:
Segmen ke-1 Segmen ke-2
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Figure 7. Proposed model produc
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Figure 7 shows that each work station in the production stream is connected serially. Each work station
can only perform one operation in tumn and the operations performed are unique operations or cannot be
done at other stations. To be able to carry out the 2nd operation at the 2nd work station, the predecessor
operation must have been completed first, so that the product flow will flow and pass through the first
station to the last station. Each product requires a series of operational processes before the product is
finished. There are 2 types of product outputs| produced by the work station (Mi) to the quality control
station (QCS), namely accept and nonconforming. The output in the form of accepttmceLwi]] be received
by the quality control station and forwarded to the next work station, while the non-conforming product
output will be separated by| the quality control station into two types, namely scrap and rework. Each
nonconforming product has'a large proportion.

In this research model, a condition is also developed if at the final work station in the production flow
there is no quality control station, then the non-conforming products at the work station will entirely
become scrap products because there is no quality control station that functions to return reworked
products for reprocessing.

2.1 System Assumptions

The assumptions used in this model are:

1. The ability of the work station to work is greater than the amount of the arrival rate of the product
raw material so that the production flow is in a steady state.

2. Raw materials used in the production flow are always available.

3. If there is an accumulation of products waiting to be processed or inspected in front of the
workstation, the buffer capacity is not limif}i.

4. Each workstation begins the next process as soon as it is ready and the product is available in the
buffer.

5] Each work station has a processing cost and every quality control station has an inspection cost.




6. Operating and inspection time at each work station follows the Takt time.

7. There is no error for each product inspected.

8. The probability of producing conforming products that arrive at the work station is determined|and
constant.

. The probability of a job succeeding and failing at each workstation is independent.

10. Nonconforming products will be separated based on the proportion of rework products and the
proportion of scrap products.

11. Product rework will be reworked with the same facilities.

12. Scrap products will be removed from the production stream and subject to penalty costs.

2.2 Model Design Notation
The notations used in this model are as follows:

i Workstation and quality control station, if= 1..k
Product arrival rate. (time/product)

ci Process costs at workstations Mi . (rupiah/product)

c'i Inspectionfcost at the quality control station QCi, if assigned. (rupiah/product)

D Demand. (product/period)

1 Quality Control Station Cost QC;. (rupiah/period)|

hi Saving cost per unit of waiting time will be processed at the workstation M.
(rupiah/time/product)

h’i Holding cost per unit of waiting time will be inspected by the quality control station QC:.
(rupiah/time/product)

M; Location of the workstation on the production line.|

N Number of the work station in the production line.

p Probability of conforming after completion of the process.

p M\The proportion of non-conforming is scrap.

PGrew he proportion of non-conforming is a rework.

pi Defect probability at each workstation

pl Defect probability of ﬁnag]l product in production line

Qi Probability of conforming being completed at the workstation -if still conforming after leaving

the work station -j.
Q.:,:,B\Maximum production lot size| (pmductfperind)
QC; - Quality Control Station was assigned after the workstation M;.
s Penalty cost for flowing scrap in the system. (rupiah/product)
WC  Work time capacity.L(ti me/period)
CT Cycle time. (time/prbduct)
X1 Process time for workstation M;. (time/product)
x’i Inspection time of the quality control station QC;. (time/product)
B(.pm Process|costs and waiting for the product at the workstation to-i. (rupiah/product)

Bfm Inspection cost and waiting for the products at the quality control station to-i. (rupiah/product)

Bt Quality control station assigned costs to-i. (rupiah/period)

B;°" " Serap products cost at work stations to-i. (rupiah/periode)

LY ) The final location of the quality control s‘.tatior1|Q'C-l was assigned before the work station M; on
configuration Y.

Q Lot size production. (product/period)

Qe Scrap products. (product/period)

Qrew  Rework products. (product/ period)

t Production line taktime|. (time/product)
w1 Waiting time for the product to be processed/ inspected. (time/product)
Y| The quality control station with Y; = | indicates that the quality control station QC; is assigned,

otherwise if Y; =0 indicates that the quality control QC; is not assigned.
TC Total cost production (rupiah/period)




3. Model Improvement

3.1 Quality Planning with Just In Time Approach in fulfilling demand.

This concept is used to overcome the problem of products available on time both in quality, quantity,
and place so that inventory levels can be minimized as they only produce what is needed and only when
needed in the required amount. Also, quality management will produce a conforming product based on
final probability planning in the production line. By using this system, the production flow can
accommodate changes in demand and probability planning while maintaining a minimum inventory
level [9], [10].

In developifff this research model, the production line has a defect probability of producing non-
conforming products in the form of rework products and scrap products which was passed on each work
station, and each workstation has an independent probability. Thelscmp products identified by the quality
control station will be excluded from the production stream, theteby reducing the total output from the
production line and disrupting the fulfillment of the demand. To be able to meet the total demand, the
output from the production line must match the number of requests. The amount of production flow that
must produce to meet the amount of demand is described as follows:

Demand (D) = ProductionOutput (D
Lot production inputs(Q) = Demand (D) + Scrap(Qss) (2)

3.2 Taknime Calculation

To reduce inventory levels, the production flow only makes the required number based on the taktLtime.

Moreover, to determine the rhythm of production, it is necessary to have a taktLtime which regulatks the

rate of each work station. This Takt time is a reference for how fast the production line must work to

meet demand. The tactical value in the development of this research model is explained as follows:
Workhours Capacity(W()

Taktti ) =
akttime(t) = o ction Input Lot(Q)

(3

However, before applying Takt time, the maximum capability of the production line in producing
products must be known first. This can be done by looking at the cycle time of the production flow. The
expected number of products that can be produced in 1 day is explained as follows:

Workhours Capacity(WC)

Cycle Time(CT)

Maximum lot production input (Qmayx) =

4

3.3 Queue model [M/M/1] at Steady State condition

In a production line consisting of several work stations that are carrying out production activities, there
will be a queue of products waiting to be processed. The queue itself arises because of the ability of the
work station to work and the rate of arrival of products coming to the work station. If the work station's
capacity is greater than the average number of product arrival rates, the condition is called a steady -state
condition. This condition must be fulfilled in a production line so that the production flow is not choked
up. In this study, the assumption of steady-state conditions is met if a <1 / t, where ;iNthe average
number of arrival rates that follow the Poisson distribution, while 1/ t|is the ta.k[ltime hich regulates
the service time rate of work stations and quality control stations that follow the distribution. Exponential
[11],[12].

In this model, there is one service facility, namely work stations, work station service capacities, and
unlimited sources of product arrival. Based on this information, it can be calculated the performance
measure of the expected waiting time in the queue (Wil) [13].




Through the queuing| model. in steady—statelit can be shown that the estimated waiting time for the
product to be processéd in the queue is as follows:
1
’ a
w1| = (5)
T (-t' - E)
4. Model Component
4.1 Decision Variabel
The decision variable for this research model is Y; = | indicates that the quality control station QC;
assigned, otherwise if Y; = 0 indicates that the quality control station QC; is not assigned.

EX2 Objective Function

The objective function of this model is to minimize the total cost of production (TC). Total production

costs (TC) described as follows:

Total production costs = ((Production lot size + rework Product lot size) x (Total processing and waiting

costs + Total inspection and waiting costs)) + The total cost of the quality control station assignation +

Total pmduc[| scrap cost.
min =TC (6)

re = i ((@+ Qrew) x (BP™ + BI™)) + Bt + BT v =14, 7

{|: 1

a. Production lot size

In this research model, each work station has an independent probability of producing non-
conforming products in the form of scrap. The|scrap products identified by the quality control station
will be removed from the production streany thereby reducing the total product output from the
production stream. The size of the productioh lot is the number of product imports that must be
prepared by the track to be processed to produce the amount of product output that matches the
number of requests. The size of the production lot is determined by the amount of demand added
with| the number of scrap products that may occur on the production ]ineiThe Q. value is rounded
up tb an integer so that the input production lot size becomes an integerflhe number of scrap
products depends on the probability of scrap products at each work station (model 9).

Q =D + @Roundup (Q,, 0) 6:))]

=1 MF ©)

E |
pql = {};:( . (i:_ E)]- i ij) X Qx (PGscr + PArew) v?: 1. kL (10)
k — r

Qser = (Y;. X (1 - qij) X Q X pq_wcr) +pql ¥i

Model 10 explains that at the end of the track at the k-th work station| there is no quality control
station(Y,, = 0) Then the proportion of reworked products from the j to the k work stations is
considered scrap products because there is no quality control station to return the|rew0rked products
for rework.

b. Rework product lot size

Lot size of reworked products from work station j if there is a QC quality control station. Product
rework occurs because the product that is processed by the work station has not met the specitied
specifications so it must be reprocessed at the previous work stationi;f‘he rework product lot size is
obtained from the proportion of rework products from the probability of non-conforming products
that may occur at work stationsl:n if there is a QCi quality control stationland then sent back to the
upstream work station for reprotbessing using the same facilities (model 11).The rework product lot
size is described as follows:

Qrew, = (1 —qij) x Q x pq2; wl: 1 kL (11)




=0;0
=1

Y.
2:[ J vil=1..K 12
pazi Y} » PQrew | h 12

In model 12, it explains that if there is no quality control station (¥; = 0) at the j work station, the
proportion of nonconforming products at work stations if to] j is considered entirely scrap products
because there is no quality control station to return the JmEuct rework to be reworked so that the
value is 0, but if there is a quality control station (¥; = 1) at work station j, then at work station i| to
j there is a proportion of reworked products to be reworked.

Processing costs and waiting costs per product

Process costs are the costs required to process products at the work station while waiting costs are
the costs of waiting for the product to be processed at the work station. This cost is an additional
process cost per product with product waiting costs (model 134 where the waiting cost is obtained
from the waiting cost per unit of time divided by the waiting time for the product to be processed|
The estimated waiting time for the product to be processed in the queue is described in model 14
with the taki time in model 15. The processing costs per product and the waiting costs per product

are described as follows: a
hi 2
B(.‘szci+—£,1 w:1...}.:| (13)
w
1
_ a
w1——1 1.-1) (14)
f(YWCE
tl = — (15)
Q

Inspection| cost and waiting costlperproduct

The inspection cost is the cost fequired to inspect the product at the quality control station in the
planned period, while the waiting cost is the cost of waiting for the product to be inspected by the
work station. This cost is an additional inspection cost per product with product waiting costs (model
(IB). where the waiting cost is obtained from the waiting cost per unit time divided by the waiting
time for the product to be inspected] The estimated waiting time for the product to be processed in
the queue is described in model 17 with the mktLtime in model 18. This cost is calculated if there is
a quality control station (¥; = 1) at the work station. Inspection costs and waiting costs per product
are::

im r R'i .
B" =Y, x (ci+— 'v'zzl...k| (16)
- a
w1|——l _1...._1.) (17
e @
t|=— (18)
Q

Quality control station assignation costs
The quality control station assignation cost is the cost charged to each quality control station in pairs.
This cost is the multiplication of the binary variable ((¥; = 1)if there is a quality control statimjand
(Y; = 0) if there is no quality control station} and the cost of assigning the quality control stdtion
(model 19). This cost is calculated if there is a quality control station (¥; = 1) at the work station.
The total assignation cost of the quality corfigol station is:

Bt =Y xf'li ¥i=1..H (19)




f.  Scrap product costs
The cost of scrap products is a cost caused because the products processed by the work station do
not meet the specified specifications and cannot be reprocessed but are still flowing at the work
station. This cost is calculated at each work station so that it can be considered a loss in work costs.
This cost is a multiplication of the probability of non-conforming products with the Ye| proportion
of scrap products which is then multiplied by the penalty cost (model 2()).LThis cost is calculated at
each work station where there is no quality control station (¥; = 0). The total scrap cost is:

Bf":(1—y)x(1 q;)xQxrgxpq3; vi=1..k (20)
Y =05 PAser FRArew ™,

3.:{ ij=1. 21

PaZi Y_l:pqscr_\ | (21)

Model 21 explains that if there is no quality control station (Y; = 0) at the j work statinnL:he
proportion of reworked products at work stations i!)tfz%i(s considered scrap products because the

no quality control station to return the| reworked uotsito be reworked, but if there is a quality
control station (Y; = 1) at work statioL j, then at work station i| to j only scrap products are taken
into account.

g. Defect Probability Of Final Product
Defect probability at each work station is determined by square root of defect probability of final
product in production line with workstation number (model 22).|The number of the workstation will
affect the probability of p;:

pi =Vl (22)

Independent probability pi at qhbq;uess with:
j
¥i=1..k (23)
Model 23 explains that pI’Obdblll 'Lti} cnnformmg being completed at the workstation - still
conforming after leaving the work station -j, and p; at qu\\m independent probability ,.

4.3 Constraints
Constraints that used in this reasercl'i:
a. The tal;tlLtime must be greater thdn or equal to the cycle time.
This limiter ensures that the tak[| imeldoes not exceed the maximum capability of the production line
to produce a product
t=CT (24)

b. The tal;tl‘time must be greater than the average product arrival rate (steady-state assumption).
This limiter guarantees that the workstation capability indicated by the tacttime| is greater than the
average product arrival rate.
1 1 (25)
f— < —
a t

c. The allocation variable Y is a binary integer variable.
Y, €{0,1} wi=1.k (26)

5. Model Testing & Analysis of Results

In table (lJit can be seen that the results of the model processing resulted in a decision to allocate the
quality control station at station 3 and station 7 with a total cost of Rp. 6.420.122. The resulting takttime
is 11.16 minutes with a production input of 41 products. The illustration of the quality control station
placement is depicted in Figure 8.




Table 1. Improvement Model Result

Demand Quality -cuntml Takt time Production Total Cost
station Input
35 3and 7 11. 16 minute 41 products Rp. 6.420.122

O] [ [ <o > [ (] [ ] <o >
| Production Line >

Figure 8. []]ustrati0n| of proposed model quality control station allocation

The results of the development of the model are expected to assist the production department in
EFermining the location of the quality control station quickly, effectively, and efficiently so that it can
control the quality of the finished product on the production line. The results of the application of the
proposed model show that the placement of the quality control stations for the proposed model is at the
3rd and 7th work stations with a total cost of Rp. 6.420.122.

6. Conclusions and suggestions

6.1 Conclusion

After conducting research, the following conclusions can be drawn:

1. This research is a model development [6] with work in process products in the JIT environment in
providing products on time.

2. Based on the sensitivity analysis, it can be concluded that:

a. The number of requests that fluctuates witffl the limit does not predominantly influence
decisions to be made regarding the allocation of quality control stations.

b. Changes in the parameters of the proportion of non-conforming products will directly affect the
decision, because the higher the proportion of scrap products, the greater the number of products
that must be produced. The enlarging proportion of scrap products will increase the number of
quality control stations assigned to anticipate high penalty costs due to scrap products flowing
along the production line. The proportion of reworked products of 0.5 and scrap products of 0.5
began to change the|alternative decisions made.

c. Changes in the conforming probability parameter will affect the decision directly, because the
lower the conforming probability, the greater the number of products that must be produced. The
higher the probability of conforming, the fewer quality control stations will be. By increasing the
probability of conforming products, it will change thela]temative decisions made.

d. Changes in cost parameters will influence the decisions to be made regarding the optimal
configuration of the quality control station allocation. This parameter affects the number of
quality control stations that can be assigned which in turn will affect the decision solutions that
can be taken. By increasing costs consisting of process costs, inspection costs and quality control
station assignation costs, it will change the| alternative decisions made.

6.2 Suggestions

As suggestions for further research, namely:

1] This model is only developed for serial trajectories, so that further research can be carried out by
developing a model on a non-serial path.

2. This study did not consider any errors in'the inspection, so that the errors in the inspection could be
developed in further research. This may be done because inspections carried out manually by
humans are possible for errors, where the product should be defective but considered either by the
examiner or vice versa.




3. Further research can also be carried out by calculating the cost of reworking different products,
because in reality the repair process requires preparation in advance of repairing the product, for
cxznnp]cjé)éjening stitches, removing defective parts, etc.

4. Inthis model only produces one product, in subsequent developments it can be developed into multi-
products

7. Acknowledgment

This work is supported by thj Engineering Faculty Bhayangkara Jakarta Raya University, and
Directorate] of Research and Community Servicel:l The authors also express gratitude to Industrial
Engineering Study Program for providing opportunities for growth through fresh and useful research
activities.

8. References(f])

[1] Lindsay G F, and Bishop A B 1964 Allocation of screening inspection effort: a dynamic
programming approach management science 10:342-352.

[2] Flapper S D P, Fransoo J C, Broekmeulen R A C M, and Inderfurth K 2002 Planning and control
of rework in the process industries: a review Production Planning & Control Vol. 13 No 1 pp 26-
34.

[3] Hopp W, and Spearmen M 2008 Factory physics: foundations of manufacturing management
EcGraw-Hill.

[4] Lavasa K M 2013 Assessing the impact of failures in service operations using experimental design
@ith simulation International Journal Of Quality & Reliability Management 30(1):23

[S] Bonney M C, Head M A, Tien C C, Huang N, and Barson R J 1996 Inventory and enterprise
integration International Journal of P§Bduction Economics 45 91-99.

[6] Montororing Y D R 2018 Model of quality control station allocation with considering work in

ss, rework and scrap product Scientific Studies Jurnal Vol 18 No 3.

[7]1 Liker JK 2006 The toyota way : 14 management principles from the world’s greatest manufacturers

Erlangga Jakarta: Indonesia.

[8] E¥omack J, and Jones D T 1996 Lean thinking Simon & Schuster: New York.

[9] Fogarty D W, Blackstone J H, and Hoffman Jr T R 1991 Production and inventory management
2nd ed South-Western Publishing Co: Cincinnati Ohio.

[10] Goddard W E. and Brooks R B 1984 Just-in-time: a goal for MRP II readings in zero inventory
Conference Proceedings APICS.

[11] Gross D, and Haris C M 1998 Fundamental of queueing theory : third edition John Willey & Sons
Inc: New York.

[12] Eakiay T J 2004 Basic Queiueing theory for real life Andi: Yogyakarta.

[13] Taha H A 1996 Operations research: an introduction Prentice Hall




Model Of Quality Control Station Allocation With Considering
Work In Process, and Defect Probability of Final Product

ORIGINALITY REPORT

11.. 8. 9, 4,

SIMILARITY INDEX INTERNET SOURCES  PUBLICATIONS STUDENT PAPERS
PRIMARY SOURCES
www.trijurnal.lemlit.trisakti.ac.id 3
%
Internet Source Y
Yuri Delano Regent. "Model Alokasi Stasiun 1 o
0

Inspeksi Dengan Mempertimbangkan Work In
Process dan Produk Rework Dan Scrap", Jurnal
Kajian llmiah, 2018

Publication

www.jurnal.ubharajaya.ac.id

InternetSJource J y 1%
deopsys.aegean.qr

Interne?Schrce g g 1%

Submitted to Laureate Higher Education Group 1
Student Paper %

Submitted to Bocconi University 1 Y
(0]

Student Paper

Filscha Nurprihatin, Refael Elnathan, Ruth Elisa <1 o
Rumawan, Tasya Regina. "A distribution °
strategy using a two-step optimization to

=



maximize blood services considering stochastic
travel times", IOP Conference Series: Materials

Science and Engineering, 2019

Publication

n ?:]\g/vm\é\t/.si?cge.tau.ac.il <1 "
n x\:(\a/r\:]\é\t/.stoaurrggfonline.com <1 "
o ngereom <1s
e osepdyve-com <1s
gﬂgrtrggt:eerd to Cranfield University <1 o
S pediaerg <1s
e metens <1
i <1s
Eusébio Nunes, Sérgio Sousa. "A dynamic <1 "

programming model for designing a quality
control plan in a manufacturing process",
Procedia Manufacturing, 2019

Publication




17 Lawrence Robinson. "The good, the bad and the <1
. . : %
ugly: Quality on an assembly line", International
Journal of Production Research, 5/1/1990
Publication
KUT C. SO. "Optimal buffer allocation strategy <1 o

for minimizing work-in-process inventory in
unpaced production lines", IIE Transactions,
1997

Publication

Exclude quotes Off Exclude matches Off
Exclude bibliography Off



Model Of Quality Control Station Allocation With Considering
Work In Process, and Defect Probability of Final Product

PAGE 1

ETS)

o

PAGE 2

Article Error You may need to use an article before this word. Consider using the article the.
Prep. You may be using the wrong preposition.

P/V You have used the passive voice in this sentence. You may want to revise it using the active vo
Article Error You may need to use an article before this word.

Prep. You may be using the wrong preposition.

Article Error You may need to use an article before this word. Consider using the article the.
Article Error You may need to use an article before this word. Consider using the article the.
P/V You have used the passive voice in this sentence. You may want to revise it using the active vo
Missing "," Review the rules for using punctuation marks.

Article Error You may need to use an article before this word.

Article Error You may need to use an article before this word.

ETS)

6)

Article Error You may need to use an article before this word.

Article Error You may need to use an article before this word.

S/V This subject and verb may not agree. Proofread the sentence to make sure the subject agrees \
the verb.

Article Error You may need to use an article before this word.

Article Error You may need to use an article before this word. Consider using the article the.



PAGE 3

13800 O

S/V This subject and verb may not agree. Proofread the sentence to make sure the subject agrees \
the verb.

Article Error You may need to use an article before this word.
Article Error You may need to remove this article.
Prep. You may be using the wrong preposition.

Missing "," Review the rules for using punctuation marks.

ETS)

6)

® @

&)

PAGE 5

S/V This subject and verb may not agree. Proofread the sentence to make sure the subject agrees \
the verb.

S/V This subject and verb may not agree. Proofread the sentence to make sure the subject agrees \
the verb.

Frag. This sentence may be a fragment or may have incorrect punctuation. Proofread the sentence

be sure that it has correct punctuation and that it has an independent clause with a complete subject
and predicate.

Frag. This sentence may be a fragment or may have incorrect punctuation. Proofread the sentence

be sure that it has correct punctuation and that it has an independent clause with a complete subject
and predicate.

Wrong Form You may have used the wrong form of this word.
Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your work.
Prep. You may be using the wrong preposition.

Article Error You may need to use an article before this word. Consider using the article the.

&

@

Article Error You may need to use an article before this word.

Proper Nouns You may need to use a capital letter for this proper noun.



E
E
&
&

E»
&R
&R
D
D
&R
&R
E
E

Proper Nouns You may need to use a capital letter for this proper noun.
Article Error You may need to use an article before this word. Consider using the article the.
Article Error You may need to use an article before this word.

Frag. This sentence may be a fragment or may have incorrect punctuation. Proofread the sentence
be sure that it has correct punctuation and that it has an independent clause with a complete subject
and predicate.

Article Error You may need to use an article before this word. Consider using the article the.
Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your work.
Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your work.
Article Error You may need to use an article before this word.

Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your work.
Article Error You may need to use an article before this word.

Proper Nouns You may need to use a capital letter for this proper noun.

Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your work.

Frag. This sentence may be a fragment or may have incorrect punctuation. Proofread the sentence
be sure that it has correct punctuation and that it has an independent clause with a complete subject
and predicate.

Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your work.

Frag. This sentence may be a fragment or may have incorrect punctuation. Proofread the sentence
be sure that it has correct punctuation and that it has an independent clause with a complete subject
and predicate.

Article Error You may need to use an article before this word. Consider using the article the.

Article Error You may need to use an article before this word.



o
9

PAGE 6

Missing "," Review the rules for using punctuation marks.
Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your work.
Proper Nouns You may need to use a capital letter for this proper noun.

Missing "," Review the rules for using punctuation marks.

ETS)

6)

Article Error You may need to remove this article.

Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your work.
Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your work.
Proper Nouns You may need to use a capital letter for this proper noun.

Confused You have used either an imprecise word or an incorrect word.

Proofread This part of the sentence contains an error or misspelling that makes your meaning
unclear.

Sp. This word is misspelled. Use a dictionary or spelichecker when you proofread your work.
Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your work.

Proper Nouns You may need to use a capital letter for this proper noun.

ETS)

6)

Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your work.
Missing "," Review the rules for using punctuation marks.
Proper Nouns You may need to use a capital letter for this proper noun.

Article Error You may need to use an article before this word. Consider using the article the.

Proper Nouns You may need to use a capital letter for this proper noun.



o
9

i

Proper Nouns You may need to use a capital letter for this proper noun.
Proper Nouns You may need to use a capital letter for this proper noun.
Proper Nouns You may need to use a capital letter for this proper noun.
Article Error You may need to remove this article.

"o

Missing "," Review the rules for using punctuation marks.

Prep. You may be using the wrong preposition.

P/V You have used the passive voice in this sentence. You may want to revise it using the active vo

Proper Nouns You may need to use a capital letter for this proper noun.

Proper Nouns You may need to use a capital letter for this proper noun.

Proper Nouns You may need to use a capital letter for this proper noun.

Proper Nouns You may need to use a capital letter for this proper noun.

Proper Nouns You may need to use a capital letter for this proper noun.

Proper Nouns You may need to use a capital letter for this proper noun.
woun

Missing "," Review the rules for using punctuation marks.

Article Error You may need to remove this article.

P/V You have used the passive voice in this sentence. You may want to revise it using the active vo

Missing "," Review the rules for using punctuation marks.

Missing "," Review the rules for using punctuation marks.

Proper Nouns You may need to use a capital letter for this proper noun.



Proper Nouns You may need to use a capital letter for this proper noun.

Proper Nouns You may need to use a capital letter for this proper noun.

Proper Nouns You may need to use a capital letter for this proper noun.

Proper Nouns You may need to use a capital letter for this proper noun.

Pronoun This pronoun may be incorrect.

Proper Nouns You may need to use a capital letter for this proper noun.

P/V You have used the passive voice in this sentence. You may want to revise it using the active vo
Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your work.
Proper Nouns You may need to use a capital letter for this proper noun.

Proper Nouns You may need to use a capital letter for this proper noun.

Proper Nouns You may need to use a capital letter for this proper noun.

Proper Nouns You may need to use a capital letter for this proper noun.

Article Error You may need to use an article before this word. Consider using the article the.
Article Error You may need to use an article before this word. Consider using the article the.
P/V You have used the passive voice in this sentence. You may want to revise it using the active vo
Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your work.
Proper Nouns You may need to use a capital letter for this proper noun.

Proper Nouns You may need to use a capital letter for this proper noun.

Proper Nouns You may need to use a capital letter for this proper noun.



o
9

Missing "," Review the rules for using punctuation marks.

Proper Nouns You may need to use a capital letter for this proper noun.

ETS)

6)

Dup. Did you mean to repeat this word?

P/V You have used the passive voice in this sentence. You may want to revise it using the active vo

Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your work.
Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your work.
Proper Nouns You may need to use a capital letter for this proper noun.

Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your work.
Missing "," Review the rules for using punctuation marks.

Proper Nouns You may need to use a capital letter for this proper noun.

Pronoun This pronoun may be incorrect.

Article Error You may need to remove this article.

Proper Nouns You may need to use a capital letter for this proper noun.

Article Error You may need to use an article before this word.

P/V You have used the passive voice in this sentence. You may want to revise it using the active vo

Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your work.
Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your work.
Proper Nouns You may need to use a capital letter for this proper noun.

Article Error You may need to use an article before this word.



o
9

Proper Nouns You may need to use a capital letter for this proper noun.

Sp

. This word is misspelled.

. This word is misspelled.

. This word is misspelled.

. This word is misspelled.

. This word is misspelled.

. This word is misspelled.

. This word is misspelled.

Use a dictionary or spellchecker when you proofread your work.

Use a dictionary or spellchecker when you proofread your work.

Use a dictionary or spellchecker when you proofread your work.

Use a dictionary or spellchecker when you proofread your work.

Use a dictionary or spellchecker when you proofread your work.

Use a dictionary or spellchecker when you proofread your work.

Use a dictionary or spellchecker when you proofread your work.

Proper Nouns You may need to use a capital letter for this proper noun.

Missing "," Review the rules for using punctuation marks.

Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your work.

ETS)

6)

&)

PAGE 11

Article Error You may need to use an article before this word.

Article Error You may need to remove this article.

Article Error You may need to remove this article.

Article Error You may need to remove this article.

Frag. This sentence may be a fragment or may have incorrect punctuation. Proofread the sentence
be sure that it has correct punctuation and that it has an independent clause with a complete subject

and

P/V You have used the passive voice in this sentence. You may want to revise it using the active vo

predicate.




o
9

Missing "," Review the rules for using punctuation marks.

Run-on This sentence may be a run-on sentence.

Article Error You may need to remove this article.

Article Error You may need to use an article before this word. Consider using the article the.

P/V You have used the passive voice in this sentence. You may want to revise it using the active vo



	Model Of Quality Control Station Allocation With Considering Work In Process, and Defect Probability of Final Product
	by Paduloh Paduloh

	Model Of Quality Control Station Allocation With Considering Work In Process, and Defect Probability of Final Product
	ORIGINALITY REPORT
	PRIMARY SOURCES

	Model Of Quality Control Station Allocation With Considering Work In Process, and Defect Probability of Final Product

