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ABSTRACT

This paper examines the concept of reorder point model of an inventory in an imperfect
manufacturing system. The essence of the study is to know the point at which manufacturing firms
should place an order for their raw materials. A model is developed which addresses the availability
of raw materials in cases of variable demands and variable production lead times. The numerical
data of innoson and bodex firm were obtained and used in testing the validity and robustness of the
model. The result also showed the quantity to reorder provided the service level of the firm is known.
This raw materials are made available via this model developed before manufacturing processes
starts so as to avoid zero or excess stock. During production, defective items are produced with
finished goods and as such rework process is necessary to convert those defectives into finished
goods or products. Finally, this research is recommended for manufacturing industries in Nigeria for
optimum performance.

Keywords: Reorder point; inventory; safety stock; production lead times; demand; confidence region;
quantity etc.
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1. INTRODUCTION

In the past one decade or so, managers of
engineering projects world-wide are increasing
coming under market pressure to reform,
efficiently, and effectively maximize production
through availability of raw materials as it is being
done by their counterparts in other sector [1-3].

In Nigeria, most engineering firms have learnt
through the hard way that only those with
efficient and effective systems and techniques for
provision of raw materials, production and
inventory control can survive in the sector [4].
Hence, many firms are faced with problem of
when to re-order for raw materials in a situation
of variability in quantity demanded and
production lead time [5-7].

In most manufacturing factories in Nigeria, there
has been an incessant problem of when to re-
order for raw materials to avoid the risk of stock
out or excess inventory especially when there is
no fixed quantity to be demanded at a fixed
production lead time or when quantity demanded
varies with fixed production lead time or vice
versa [2,8]. Hence, this research provides an
answer via a model on the timely availability of
raw materials for production in a case of variable
demand at a variable production lead time [9].
There has been existing models on re-order point
but most of the models are developed on the
basis of ideal situation when companies have
fixed quantity to be demanded with a fixed
production lead time or a situation where either
demand or lead time varies and the other
becomes constant [8-11]. Considering some
external environmental factors in Nigeria, this
approach is seem to be naive in our
manufacturing industries. Hence, the
development of re-order point model with
variable quantity demanded and variable
production lead time which takes into account all
the natural and assignable variation unlike the
previous or already existing model which fails to
address variable condition such as change in
customers demand which affects the overall
demand of the company’s raw materials and
poor road network which affects the production
lead time [12].

Furthermore, this model differentiated itself from
the existing models of re-order point by its total
approach of integrating all the factors that

hinders timely deliverance of raw materials as
well as customers perspective at a particular
instant [3,5,13-15]. It controls in totality the
inventory level of production (Raw materials).
However, this approach does not exist without
the following components such as normal
distribution with zero (0) mean and variance one
(1), test statistics (z), safety stock, confidence
region, upper limits, lower limits, level of
significance, number of standard deviations etc
[6,16-18].

Finally, the result of the calculation showed the
robustness of the model though with a specific
limitation that the service level of each firm
wishing to apply and the model must be known.

2. MODEL NOTATIONS

The following notations were used in the model
formulation below;

E = Average demand (weeks)

L= Average Lead time (days)

7, = Number of standard deviations
a = Level of significance

o'} = Variance of the demand

O'f = Variance of the Lead time
SZE = Standard errors of the mean of the led

time and mean of the demand.
ZIAN (0, 1) = Follows normal distribution with
zero mean and variance 1
Z-= test statistic
P = Probability
S, = Safety stock
(1 — a) = Confidence region
(1 — a) 100% = Shows that we are (1-a) 100%
confidence that the safety stock will lie in the
interval.
L = Lower Limits
U = Upper Limits
ROP = Re-order point

3. MODEL FORMULATION

The Re-order point (ROP) based on a normal
distribution of variable lead time and variable
demand may be represented in the diagram
below;
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To establish the safety stock region, we employ the following test statistic (Z)

_ Sample mean — Population mean

Standard error of the mean

_ Ld - E(L).E(d)
B St

= _dXL __ZS N(0,]) (1) Satorra and Bentiler(2001).
Lol +d o)

— —2
where S =+\Lo:+d o,

The confidence interval for the safety stock (Ss) is given by

Pl-# <#z<Z]=(1-a) 100% )

=7

Substituting for Z-in equation (2) above, we have;

Ploz < PLTS 7 |- (1-a) 100% (3)

“ T2, 5% 2
Lo, +d o]

Multiply each term in the bracket by

— —2
VLo +d o; we have

P[—ZE\/ZU§+d20L2}S\/IU§+dZO'L2 x =S g fieds }: (1-a)l00%
VLo +d o} o

:P{-Za,uaj +d’ o2 <dL-Ss<Z,+Lo> +dzof}=(l—a)100% )
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Subtract ;Ii from each term in the bracket, we have that;

P[— dL-Z Lo +d o’ <dL-Ss—dL<-dL+Z, @ 2id'o, } = (1= @)100%.......r.ooee.... (5)
= P[— dL-#Lo2+d 0’ <-S.<-dL+Z,\Lo’+d o’ } = (1= @ )100%. oo e (6)

Now multiply each term in the bracket by — 1 to make S; positive.
ie PFZ +Z \Lo2 +d 62 =S, >dL-Z Lol +d o’ } =(1-a)00%........... (7)

Using the factthatifa= x =2b =b < x < a, we can write that
P[Ji—za VLo2+d o2 < S, <dL+Z,\Lol+d o} } =(1=a )00 % .ccoeers ... (®)

Let L and U denote Lower and Upper Limits respectively.

. T T e e e e 9). And
— L=dL-Z Lo} +d o ©). An
U=dL+Z, L2 +d 02 e oo oo e (10)

Since stock cannot be negative, equation (10) becomes useful. So, we use the upper limit to find our
Re-order point (ROP)

ie
ROP-= dL +—Za\120a2, +5202
4. ASSUMPTIONS OF THE MODEL 5. RESULTS SPECIFICATION

(i) One of the assumptions is that the test e results of the research/model formulated will
statistic Z, is normally distributed with 0 e gpplied to manufacturing industries wishing to

_ mean and variance 1 , adopt Just-in-time through Reorder point model
(i) The Interval of the safety stock is taken to ¢ inventory control.

be non-negative
(iii) The model assumes variable demands and  The model will also be suitable in solving

~variable lead time , problems of variability in both the quantity
(iv) Sample values were used to estimate the  gemanded and as well the production lead times

population values. Eg sample means \hich is aimed at knowing the proper time a firm

d, L were used to estimate the should Re-order or their quantities to be always
available for Work. This is also geared towards
. 5 N having a good inventory level of their firm. It
variances 0, and o, were used t0 gpgyres Just-in-time of their products there by

population means of d and L and sample

estimate their population variances. avoiding risk of stock out or excess stock, to
(v) The model is valid if the service level of the  avoid waste of any kind. This also minimizes the
flow station is known. cost of production.
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6. TESTING OF MODEL FORMULATION

This model as formulated to know the reorder
point when there are variable demand and lead
time of activities to ensure Just — in — time of
their products which prevents stock out or excess
stock of their inventory level.

The innoson factory data was obtained
having known there service level was used in
testing the validity, usefulness and robustness of
the model.

7. INNOSON FACTORY DATA WITH SERVICE LEVEL OF 96% WITH VARIABLE

DEMANDS AND LEAD TIMES

Table 1. Innoson factory data with variable demands and lead times

Weeks 1 2 3 4 5 6 7 Mean( )_c ) Variance(o’)  Standard
deviation

Demands 50 60 45 80 75 65 55 (g) - 61 ol =141

(WKS) Jo? =11.87

Leadtimes 5 6 4 7 6 5 4 T)_ 2 _

(DAYS) (£)=5 o, =114 \/; = 1.07

8. DETAILS OF THE CALCULATION

Mean of demand |d

s (d)=61

(—): Zd _30+60+45+80+75+65+55
n 7

5

Mean of lead time (Z) 7

DL 546+4+7+6+5+4
n

_(d,—d) +(d,~d)’ +(dy~d)* +..+ (d, ~d)’

Variance of Demand (O'f,)

n

2 _ (50-61)° +(60-61)° +(45-61)° +(80—6D" +(75-61)° + (65-61)° +(55-61)°

d

o) =% 2 -4

7

_ — L) +(L,—L)* +(Ly— L) +...+ (L, - L)*

Variance of lead time (O‘i)

n

L

8

ol =_ =114

o = (5-5)+(6-5)+(4-57(7-57+(6-5+(5-5>+(4-5)

Standard Deviation of demand (\/05 ): V141 =11.87

Standard Deviation of lead time (1/(72 ): v1.41 =1.07
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At service level of 96%=0.96,7,=1.75 (from the table of normal distribution Service level).

Applying the R O P Model, we have;

ROP=d& +Za\/26§ +d o}

ROP=61x5+175 5x141+61%x1.14

ROP=305+175705+4241.94

RO P =305+ 1.75 44946.94
RO P =305+1.75x70.33 = 305 +123

.. RO P =428 quantities

Hence, the factory places an order at an inventory of 428 quantities of pipes and other equipment

(raw materials) to allow Just-In-time of their products before a stock out is noticed.

9. BODEX NUT MANUFACTURING COMPANY WITH SERVICE LEVEL OF 93% WITH
VARIABLE QUANTITIES OF DEMANDS AND PRODUCTION LEAD TIMES OF THEIR

PRODUCTS

Table 2. Mean, variance and standard deviation of demands and lead time production

Weeks 1 2 3 4 5 6 7 Mean Variance Standard
( } ) (02) Deviation
Demands 30 20 50 45 60 70 65 ~ 2\ _
= o;)=291 2 _
(Weeks) (d)=49 (0g) Jol =17
Lead times 4 3 4 5 6 7 5

(Days)

(L)=49 (0.)=16

Joi =13

- zd_30+20+50+45+60+70+65_
n

Mean of demand (d ) = ; 49

DL 443+444546+7+5

Mean of lead-time (Z )
n 7

4.9

_(d=d) +(d, =)’ +(dy—d)’ +...+(d, —d)’

Variance of demand ((75 )
n

2 _
o, =

(30— 49)* + (20— 49)> + (50— 49)° + (50— 49)* + (45— 49)> + (60— 49)* + (70— 49)* + (65— 49)°

7
, 2037
ol = ——=291
7
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L—LY?+(L,-L)+..+(L, - L)
Variance of lead time(af)= (, ) +(L ) (Z, )

n
o < (4-4.97+(3-4.9)>+(4-49)° +(5-4.9)> +(6-4.9)° +(7-4.9)* +(5-4.9)°
‘ 7
o= 1087
7

Standard Deviation of demand (,/05 ): V291 =17

Standard Deviation of lead time (110'2 ): V1.6 =13

At service level of 93% = 0.93,-24, = 1.48 (from the table of normal distribution service level).

Applying the Developed R O P model, we have that;

ROP=dE +Z, Lo’+d o’L

ROP=49x4.9+1.48 Y4.9x291+49%x1.6

RO P =240.1+1.48 /14259 +3841.6

RO P =240.1+1.48 /5267.5 = 240.1+1.48x72.6

RO P =240.1+107.45 = 347.55
.. RO P =348 quantities

Thus, the company reorders at an inventory of 348 quantities of their materials to ensure J | T of their

products before a zero stock is experienced.

10. CONCLUSION

This study revealed a positive, useful model of
reorder point of variable production lead time as
well as variable demand which addressed the
timely availability of raw materials before
production processes. The validity of the model
is attained only when the service level of such
firm is known and this avoids zero or excess
stock of an inventory. It ensures or serves as a
measure of buffer raw materials in single
stage/multi stage production process where
rework and scrap production/detection are
possible. Hence, the model will make significant
and meaningful contribution in solving the
problem of unavailability and inefficiency in our
production systems especially in cases of
variable lead time and demand in an imperfect
manufacturing systems. It would be therefore
recommended for all production industries in
Nigeria to ensure efficiency and effectiveness of
operation in the face of increasing market/

customers’ demands for competitive advantage
in our global economy.

COMPETING INTERESTS

Authors have declared that no competing
interests exist.

REFERENCES

1. Akanya JN, (SON). ISO 9000 Series

Quality = Management  standards -
implementation and Route to Quality
system Certification. A paper delivered at
NSE Technical workshop on Quality, Port
Harcourt; 1999.

2. Bowersox C, Cooper.
Logistics ~Management. 1%
McGraw-Hill Inc. New York; 2002.

3. Cetinkanya S, Mutlu F, Lee CY. A
comparison of out bound dispatch policies
for integrated inventory and transportation

Supply Chain
Edition,



10.

Utazi and Godwi; CJAST, 34(3): 1-8, 2019; Article no.CJAST. 23574

decisions. European Journal of
Operational Research. 2006;171(3):1094-
112.

Davis Aquilano, Chase. Operations
management for competitive Advantage.
4" Edition, McGraw-Hill Inc New York;
2000.

Feigenbaum, Armand V. Total Quality
control”, 3 Edition, McGraw-Hill Inc. New
York; 1991.

Hajek, Victor G. Management of
Engineering projects”, 3" Edition, McGraw-
Hill Inc. New York; 1984.

ISO 8402 and 9000 series. International
standards for Quality Management”, 4"
Edition, international organization for
standardization, Switzerland; 1994.

Juran JM, Gryna, Frank M. Quality
planning and Analysis. 3 Edition,
McGraw-Hill Inc. New York; 1993.

Lockyer, Keith. Production Management”,
4t Edition, pitman publishing Ltd., London;
1983.

Melnyk, Swink. Value-Driven Operations
management. 1t Edition, McGraw-Hill Inc.
New York; 1997.

11.

12.

13.

14.

15.

16.

17.

18.

Nahmias. Production and operations
Analysis. 4" Edition, McGraw-Hill Inc.
Irwin; 2005.

Satorra A, Bentiler P. A scaled difference
chi-square test statistic for moment
structure analysis; 2001.

Silver E, Pyke D, Speterson R. Inventory
Management and production planning and
scheduling. 3 Edition, McGraw-Hill Inc.
New York; 1998.

Shigley JE, Mischke CR. Mechanical
Engineering Design. 56" Edition, McGraw-
Hill Inc. New York; 1989.

Spiegel, Murray R. Schaum’s outline of
Theory and problems of statistics in Sl
units, 2 Edition, McGraw-Hill Inc. New
York; 1972.

Stevenson. Operations Management, 8"
Edition, McGraw-Hill Inc Irwin; 2006.

The Law Revision Committee. The Laws of
the Federal Republic of Nigeria. (The SON
Decree) Federal Government Press, Lagos
Nigeria; 1990.

Weihrich Henz, Koontz H. Management-A
Global perspective. 10" Edition, McGraw-
Hill Inc. New York; 1993.

© 2019 Utazi and Godwi; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www. sdiarticle3.com/review-history/23574




