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Abstract-Retail business in Aftermarket segment is a major revenue generator in most of the auto components 
manufacturers and OEM’s (Overall Equipment Manufacturers) that also is a significant bottom-line contributor of a 
business. This Aftermarket business model works with highly diversified and vast number of retailers, distributors and 
different type of customers across the entire span of a country. The huge success of this business model depends greatly on 
the capability of the manufacturer to fulfill the customer demand in terms on Quality, Quantity and Price and at the same 
time with minimum order fulfillment lead time.  Hence it is mandatory for the manufacturer to possess an appropriate facility 
that consolidates, stores & retrieves the finished goods on demand from the customer. The facility often will refer to a 
warehouse (SUPERMARKET) that stocks the finished products as inventories and a PULL based replenishment model is 
nowadays a mandatory in-built requirement in it. This work is based on an extensive study on the basic & fundamental 
LEAN principles that will guide upon the design of the warehouse in various aspects like, Parts categorization, Stocking 
policy, Order fulfillment process, Storage, Layout & Material Handling, Replenishment process, M aterial & Information 
flow etc,. A real time case study on design and development of all the above has also been discussed. 
 
    
I. INTRODUCTION  
 
The vast success of any business model depends on 
the level of the customer satisfaction and delight. The 
after-sales business model of auto component 
manufacturers being a predominant growth driver for 
the business for every company is of no exception to 
that. Apart from the regular business model of 
manufacturing to the overall equipment manufacturers 
(OEM’s), this after-sales segment act as an extended 
arm of the company that reaches the end customers 
through retail business. The products that are 
manufactured by the auto-component maker are 
directly made available for the retail business without 
the need for the end customer to approach the OEM’s. 
In most cases, the OEM’s itself creates a after-sales & 
retail distribution network that acts as a separate entity 
which procures parts from the various auto component 
manufacturers, stores & distributes in the retail market 
for the end customers. The variety of products 
manufactured by the tier-1 auto components 
manufacturing industries are individual product group 
verticals (Eg: horns, tyres, Brake systems)      The 
product group with these manufacturers vary in a wide 
range and is a  combination of different Sub-Products 
called as child parts. The Product structure varies from 
OEM and After sales segment and  Products offered to 
OEM are Multi –component assemblies but in After 
Sales along with Assemblies ,replacement parts and 
accessories are offered. The product segment in after 
sales are grouped based on the type of assembly and 
are add-on’s designed to replace the worn out or 
repaired parts.. In detail Each Kit comprises child 
parts which belong to a specific assembly. Along with 
this, individual accessories or non-Kits is also a 

separate segment. Few kits are designed with 
Assemblies and accessories to-gether which belong to  
same component or different component grouped 
according to the purpose of replacement. According to 
the emerging automotive industry the increase in 
automobiles will also increase the business value for 
After-sales. 
To Accomplish this type of business a Pull based 
replenishment model is needed and should have the 
capability to maintain Safe stocking policy which can 
full fill the customer demand in least possible lead 
time. It should have the system to replenish its stock 
according to the norms and should be dispatch ready. 
It also includes state of art storage and retrieval 
systems along with Material handling system and 
needs to be controlled by a fully operational 
Warehouse management system(WMS), right from 
order management to stock dispatch. A Pull 
replenishment system works purely on building up 
inventory according to the demand whenever it 
reaches a minimum quantity limit. This system 
ensures maximum order fulfillment in Least time. 
 
II. LITERATURE SURVEY 
 
This study also includes understanding of all 
strategies needed in establishing a fully functional 
ware-house. 
Etna Muraira & Lorena Garzafox et.al [1] Current 
supply chains are in constant pressure to maintain 
market share. They need to satisfy higher levels of 
customer  service in terms of on time and complete 
order deliveries. Distribution strategies definition and 
execution are fundamental to achieve these 
requirements. These determine the behavior and the 
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size of order lead times and therefore customer order 
satisfaction. 
They presented a description of the design and 
implementation of a distribution strategy for a 
Mexican company located in Monterrey that needs to 
improve order delivery time to stay competitive. The 
suggested approach includes the application of waste 
elimination in warehousing and transport operations, 
and the re-definition of inventory control policies The 
design of a supply chain strategy requires the 
knowledge of the capabilities necessary to win an 
order in the market. Hill (1993) developed the 
concepts of order qualifiers and order winners to link 
the definition of manufacturing strategy to the 
marketing strategy. This idea is extended by Masson-
Jones et al. (2000) to the delineation of the supply 
chain strategy. 
U.S.S. Dharmapriya & A.K.Kulatunga [2] describes 
Co-ordination of warehouse operations efficiently is 
critical in the supply chain management of all 
manufacturing industry. Lean tools and techniques 
are widely used in optimization problems where this 
study also the get the assistance of Lean techniques to 
optimize the warehouse operations. According to 
Lean thinking it can be decided that the efficiency of 
warehouse operations depends on the layout 
arrangement, material handling techniques and media 
of transportation. Therefore, this study attempts to 
optimize warehouse layout: by allocating an 
economical place to each type of item while 
minimizing the honeycombing. However, due to the 
computational complexity of finding an optimal 
allocation within reasonable time frame, this is 
mathematically termed as NP-hard type problems. It 
has been found in the literature that the heuristic 
approaches are highly attractive than the traditional 
approaches for this instances. 
 Mariagrazia DOTOLI et.al [3] explains that 
nowadays, factors like globalization, productivity, 
andreduction of time-to-market make the impact of 
logisticson production by far wider than in the past. 
Such a complexscenario originated considerable 
interest for thedesign, planning and control of 
warehousing systems as new research topics . 
Warehouses may be defined as material handling 
stations dedicated to receiving, storage, order-
picking, accumulation, sorting and shipping of goods 
Order picking is the most labour-intensive and costly 
activity for almost every warehouse, its cost being 
estimated about 55% of the total warehouse operating 
expense. The definition of warehouse covers awide 
variety of systems, which may be further 
characterized depending on the industrial application.                                     
 
III. METHODOLOGY 
 
This case study is carried out  in a leading  braking 
auto-ancillary company which has 500 different 
varients for OEM manufacturers and  1304 different 
product kits and spares supplied in terms of after 

market.The amount of varients produced for After 
market needs to be classified in terms of demand, 
value ,volume ,space and product policy in order to 
specify the set of products needed to store in the 
proposing Lean Supermarket 
The various steps involving the following strategies 
and analysis which specify both mathematical and 
practical, mentioning the kind of product storage in a 
Supermarket are as follows: 
  
A. Product categorization 
This analysis determines the total number of varients 
delivered to the customer.Sale data of two years  with 
respect to  After market  is considered and the total of 
1304 varients are classified into five different 
divisions. 
 Kits(286) 
 Non-kits(196) 
 Assemblies(629) 
 MIK-Kits(149) 
 ABS(44) 

This categorization of variants is done based on their 
product nature and it provides an ease to further 
narrow down the analysis according to the groups.  
 
B. Demand categorization 
The Delivery of each product varies according to the 
demand. Few products are regular moving but few are 
rare moving. Few vary in every month , few have 
same quantity of orders every month. So with 
analyzing  this variation we need to classify all the 
parts into three different categorizations. 
         R.S.D-Regular Demand with Deviation 
         U.S.D-Un-stable Demand 
         S.S.Q- Sold  Every  Month  Same  Quantity. 
 
This categorization gives us a clear statistics of all the 
Products according to the variation in demand 
 
C. Production Lead Time 
Production lead time can be defined as the time taken 
to dispatch the customer with a finished good from 
the time of ordering. The Production Lead Time is 
acquired manually from the production lines , and it 
has a range of 1 to 120 days  or even more depending 
on the type of product .For example: regular moving 
items can be manufactured in least no of days but 
imported items may take more time. The basic 
categorization can be done in the following way: 

 <3days(Max 3-Min 0) 
  3-7 days (Max 7- Min 4) 
 7-15days (Max-15-Min 8) 
  >15 days (Max-30-Min16) 

 
D .  Value Categorization 
Each FG has a different price value depending on its 
child       parts and it varies from each configuration. 
So depending on this variation the goods should be 
classified into three types: 

1. Least Expensive(Lt.Ex) 



International Journal of Advances in Electronics and Computer Science, ISSN: 2393-2835 Volume-2, Issue-8, Aug.-2015 

Design And Development Of Complete System Of A Pull Based Replenishment Model Warehouse For Aftermarket Retail Business 
 

64 

2. Less Expensive(L.Ex) 
3. Expensive(Ex) 

 
This categorization is based on deviation in min value 
to maximum value. 
 
E   Production Order Policies 
Depending on Demand, Value and Production lead 
time the products are classified into  the following 
matrix in which it gives the main categorization of 
products in form of BTO,BTI and BTF. 
 
TABLE 1 Production order policy matrix for kits 

 
                  
 Build To Order (0 Blue)-      SSD (Ex, L.Ex), 

                                        RSD(Ex) 
 BuildTo Forecast(18 yellow)-   RSD(L.Ex), 

                                                   USD(Ex) 
 BuildToInventory(268pink)-     SSD(Lt.Ex), 

                                                   RSD(Lt.Ex), 
                                                          USD(L.Ex,Lt.Ex) 
 
The same kind of Matrix classification is done to all 
the product categories.  
 
F. Safety Stock Caliculation 
Safety stock can be referred to the stock which needs 
to be maintained in a warehouse to accomplish the 
received order of products in proper time. So each 
and every product has a different volume of safety 
stock. SO among BTO, BTI and BTF Practically 
considering BTO’s doesn’t need storage as they can 
be manufactured immediately and delivered, once the 
order is placed. Hence only BTI and BTF can be 
considered for safety stock calculation.  
This can be calculated with the following formula. 
This formula is applied based on deman configuration 
of items: 

   

 
 
G. Impact Inventory 
After the safety stock calculation the value of the  
stock is to be calculated  in order to find the 
difference in the present inventory to the proposed 
inventory. This actually gives us a  clear picture of 
proposed inventory in terms of value. 
   
H. Space Calibration 
Depending on the safety stock the total area  required 
to store the proposed inventory needs to be calculated 
in order to design the required  material handling and 
storage equipments. The process involving the space 
calibration can be noted as follows: 
1. Carton box Separation : 
Each product has different packing configuration and 
it depends on the dimensional specification of the 
product. There can be n number of cartons so these 
cartons needs to be classified depending on the size. 
1.1) Empirical tool: 
 This model can classify number of packing cartons 
into three different classifications: 
      1) BIG 
      2) MEDIUM 
      3) SMALL 
 
The model is based on basic concept of length which 
can visually classify the carton box when placed in 
the origin point of the tool. This tool is based on the 
basic logic of space consumption of a carton of same 
dimension of 1m×1m×1m  in 1 cm3 of volume. 
Depending on this it is further classified into levels in 
which each level represents no of boxes to be stored 
and area consumed. For example: if a carton box falls 
under 200 box level then it specifies that 200 carton 
boxes of same dimension can be accommodated in 1 
cm3 volume. 
These levels can vary from each warehouse as the 
kind of storage options used will differ. 
If we consider the levels are in the range of 10 boxes 
to 300 boxes. Then it can be classified as the 
following : 

1. < 100 boxes are BIG 
2. 200-100 boxes as Medium 
3. > 200 boxes are large. 

 
This classification is given based on the largest and 
smallest box used by the ware house depending on 
their volume. 



International Journal of Advances in Electronics and Computer Science, ISSN: 2393-2835 Volume-2, Issue-8, Aug.-2015 

Design And Development Of Complete System Of A Pull Based Replenishment Model Warehouse For Aftermarket Retail Business 
 

65 

2. Space Consolidation:Consider safety stock of one 
product and multiply it with volume of single storage 
carton used for that product to find out the total 
volume consumed to store that specific product 
according to the safety stock volume. Similarly this is 
calculated for all the products to find out volume 
consumed by each product 
3. Storage calibration:Depending on the volume 
required for each product storage space analysis is 
carried out in order to specify the type of storage 
specification needed for each type of product. 
Depending on the storage type used for each product, 
the total area required to store all the grouped 
products can be determined. 
4. Tray calibration: Depending on the same logic 
used for empirical tool, Number of boxes of same 
size can be stored in 1 cm3 of Volume. Consider five 
different trays in which FG products are stored which 
are of five different dimensions. For example: 

 

 
Fig .1 Example of trays selection(in mm) 

 
In the Above figure we mentioned dimensional 
specification of five different trays. So if we need to 
store a specific product of n number safety stock in 
any one of the above trays ,then we need to know 
how many trays are needed to store the specific 
product and the storage proposal of each product 
should be with low space consumption. So it is 
needed to calculated the number of trays needed to 
store a single product. This can be shown in the 
below Table 1. 
 

TABLE 2 Selection of trays based on volume 

 
 
If we consider the first product of part 
number300008043 has a safety stock calculation of 

2011items which means 2011 parts needs to be stored 
as a single entity .So these 2011 items if we choose 
tray 1 we need 1.5 trays   approximately 2 trays of 
tray 1 are needed to store them .and for product of 
part number 300008018 if we use tray 1 it fills only 
half of it,so considering space wastage we can choose 
tray 2 which fills 70% of the tray. The tray selection 
should be in such a way that each part should least 
number of trays for storage and consume least space 
among the options. Depending on the size of product 
along with trays ,pallets and base pallets can  be used 
and the same logic applies for these storage options 
also. 
 
 
 
 
4.1 Storage mode: Depending on the tray analysis 
the storage mode needs to be classified.  

i. If the specific product can accommodate one 
single tray of any specification then it falls 
under STR 

ii. If any product consumed more than one tray 
then they come under TTR.  

iii. If any product cannot be accommodated in 
trays and needed bigger storage then pallets 
are used and for these kind PFR can be used 

iv. If any product accommodated less than half 
of one tray then they fall under SSTR in 
which one single tray has two shared 
divisions and can store two different 
products at the same time 

                         
TABLE 3 Types of storage modes 

 
 
4.2 Ground Storage Calibration: 
From the analysis of total no of trays and pallets the 
total area required can be easily acquired by 
multiplying the area of tray chosen to the total 
number of trays or pallets along with ground storage 
factor. 
      

TABLE4:Storage mode specification for Tray 1 
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Each storage mode has specific dimension in which 
the tray has to be placed . In order to consider the 
area of a tray used to store a specific product the area 
of storage mode of that specific product should also 
be considered.  
For Example: Figure 1 shows us the dimension of 
trays. Consider tray1 and it needs to be placed in a 
STR,   and its dimensions are given in table 4.The 
ground storage of a specific product should be 
considered along with the dimension of the rack as 
well ground storage factor.The sum of all the ground 
storage acquired gives us the total area requirement to 
place the storage modes. 
4.3 Ground storage factor: It can be defined as the 
factor unit which denotes the space consumption of a 
storage mode in terms of area. 
 
I .Categorization Matrix: 
This Matrix is based on two type of inputs: 

 Size of cartons 
 .Volume of production 

This matrix helps to allot level of storage 
(G,G+1,G+2..) depending on their size as well the 
volume of production . 
Volume needs to be classified into three types as 
Runner(high volume),Repeater(medium volume) and 
Stranger (Low Volume) and this data should be 
acquired either manually from the production lines or 
can also be acquired based on the customer order 
data. Depending on these inputs the matrix is 
classified as follows. 
 

Strangers Repeaters Runners

31 41

Sm
al

l s
ize 14 14 11

Bi
g 

siz
e 65 19 22

M
ed

iu
m

 

siz
e 39

 
Fig.2 classification matrix for kits 

So all the selected products should be arranged in the 
above order and are classified as  

 RB-Runner Big 
 RM-Runner Medium 
 RS-Runner Small 
 Re.B-Repeater Big 
 Re.M-Repeater medium 
 Re.S-Repeater Small 
 SB-Stranger Big 
 SM-Stranger Medium 
 SS-Stranger Small 

Based on this classification the level of storage can be 
determined. For example: If a product lies in 
SS(Stranger small)Then these products should be 
stored in high level storage options as they are rarely 
ordered and also small in size. 
 
CONCLUSION 
 
This methodology clearly explains the different 
strategies and analysis involved in designing a Lean 
ware house with respect to volume, demand, value 
and also size. This method can be implemented in 
designining a warehouse implying pull based 
replenishment model can also maintain safe-stocking 
policy. 
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