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This work presents the development and improvement obtained by implementing inventory
managing practices during the COVID 19 pandemic in a Mexican company, a leader in the
industrial sector to overcome the effects on the Company's economies due to constrained
market to maintain liquidity and preserve employment by increasing customer service level
ensuring the availability of the finished product and improving the delivery time in the
distribution center, from the receipt of the customer's order, order picking, shipment
preparation, invoicing and final delivery to the customer. The areas involved are
Commercial, Demand and Materials Planning, Purchasing, Manufacturing, Logistics, and
Operations of the Distribution Center. The deployment process considered an ABC study,
analysis of the historical demand, product inventory coverage days, analysis of the lead time
components of the distribution center, to implement a minimum and maximum inventory
control policy for the product portfolio A and manufacture products classified as B and C
on a make to order basis, an audit was performed of its distribution center, to identify
opportunities for improvement in their processes to reduce the time of delivery to the
customer.

The Company was not in compliance with the level of customer service with an 89%
performance due to the low availability of the finished product inventory, affecting the
customer's delivery time in the distribution center with a time of 5 hours versus the goal of
90 minutes per event.

The implementation of the improvement achieved an increase in the level of service up to 5%
starting the fourth quarter of 2019, the savings in inventory optimization at an annual base
represented USD 530,785.00 (Five hundred thirty thousand seven hundred eighty-five
dollars), and the Company has implemented this good practice nationwide in its other
Manufacturing Plants and Distribution Centers as part of the strategic corporate policy
deployment.

1. Introduction

The secondary processes in a value chain are the ones that give
support to the primary processes for the transformation of the

The value chain is all actions to make a product to flow from
the raw material to the customer's hands. Within the value chain,
the primary processes include the transformation of the product,
inbound logistics that is the delivery of suppliers of the raw
material to a warehouse of the manufacturing Company, the
logistics of operations whose purpose is the proper administration
of the raw material in the transformation process to ensure the
availability of raw material inventory or inventory in process in
the work centers and finally the outbound logistics from the
storage, distribution and perfect delivery of the finished product
to the end customer [1].

* Corresponding Author: Ignacio Alvarez-Placencia, ignacio.alvarez@upaep.edu.mx
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https://dx.doi.org/10.25046/aj050675

product. The timeline determines the response time of the value
chain, and the flow of information in the value chain is essential
because it includes the release of the sales estimate, placement of
the customer order, release of the purchase orders and
manufacturing orders to the delivery of the product to the end
customer [1].

The efficiency and optimization of the distribution center's
functions is a priority for the achievement of the goal of perfect
delivery to the customer and inventory availability assurance to
ensure the desired service level [2].
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This case study's scope is a company of 100% Mexican
capital, market leader, is dedicated to the production and
marketing of industrial products located in Mexico with ten
manufacturing plants and three Distribution Centers with 800
employees.

This case study helps the Company to face COVID 19
pandemic with a constrained market to contain the economic
effects of the pandemic that we are facing helping to preserve
employment as much as possible and provide liquidity to create
the conditions for the recovery of economic growth by ensuring
the availability of the inventory of its products to meet the level
of delivery service on time and improve the delivery time to the
customer in the distribution center through an audit in the
distribution center, establish a baseline of product inventory
coverage days, analysis of the lead time components of the
distribution center, value chain mapping, ABC classification of
finished products, inventory control implementation with the
maximum and minimum methodology, production balancing,
measurement of customer's delivery time as days of inventory
coverage in the distribution center.

Masaaki Imai, in his work, "Kaizen, The Key to Japanese
Competitiveness," mentions that Japanese companies follow a
defined strategic planning scheme; the administration develops
and communicates the rules of the game: transparent processes,
that is, with a standard procedure for Operation. It translates into
top management shall first establish policies and procedures for
all critical operations, then communicate and ensure that they are
understood by all levels [3].

The rest of the research work consists of describing the case
study, theoretical framework, and research methodology as its
conclusions and results obtained.

2. Literature Review

According to the customer's perspective, the value chain's
purpose is to determine which activities are value-added and non-
value-added [4]. All activity that transforms the product should be
understood as an added value; in contrast, all the activities that do
not transform the product are no value-added. They are known as
waste: Reworks, defects, unnecessary movements, inventories,
waiting times, overproduction, unnecessary space, and
transportation. This waste shall be eliminated to improve the value
chain [5].

A distribution center is a vital component of the value chain
for any company to achieve perfect delivery to the product
customer as to the quantity, time, price, quality, and correct
information.

The distribution center functions include receipt, inspection,
storage, picking, preparation of shipment, dispatch, consolidation
of orders, and final delivery to the customer. The efficiency of
these activities is critical to ensure speed and optimize the flow of
the product to reduce the response time and operating costs, from
receipt of the customer's order to delivery, to send the products
with the correct specification, quality, price with proper
documentation to the customer. Always searching for continuous
improvement to reduce waste as mentioned earlier and add only
value in the supply chain.
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The correct management of the distribution center supports the
strategic objectives of the Company: Generate more sales, profit
margin, cash flow, stability in the jobs satisfying customer
demand with the correct level of service.

Therefore, storage and distribution activities for the product
should be regarded as a vital component of the Company's
strategic planning for it to be coupled with the expectations raised
in the business plan [6].

The management of the Company must consider several
factors to maintain optimal inventory levels, such as the financial
liquidity of the Company, sales behavior such as seasonality,
reliability, and availability of suppliers, available financial
resources. An adequate level of inventory reduces the potential
risks of lost sales due to the lack of inventory availability as well
as an increase in the cash flow of the Company, such as the release
of warehouse capacity [7].

It is strategic for the companies to achieve a high level of
customer service with a minimum level of inventory by
implementing the Lean Pull Replenishment methodology by
having product's supermarkets for the products that represent 80%
of the Company's revenues which inventory is replenished based
on the consumer's signal at the time of consumption and made to
order for those products that represent the other 20% of the
Company's revenue. The Lean Pull Replenishment methodology
should be coupled with the Process Capability analysis to reduce
variation in processes and determine the processing capabilities of
the Company through the commitment of the delivery date of the
customer's order [8].

Inventory in the lean philosophy is viewed as a waste given
that it impacts the cash flow of the Company when it is not in the
correct amount; besides, the Company requires an expense to
manage it, at the same time, it hides problems such as downtime
of machinery, long periods of changeover of products, quality
problems, lack of reliability of suppliers' performance among
others. Therefore, it is essential to focus on reducing the longest
process lead time and reduce inventory. It is vital to take into
consideration synchronization between processes with a correct
balanced production plan as well as reduce the change over time
between products for each of the processes and always work with
small batch sizes and avoid overproduction [9].

In the implementation of a continuous flow, the reduction of
equipment change over times is vital, which consequently
translates into smaller lot sizes aligned with a KanBan signaling
system with an adequate plant layout allowing to achieve
improvements in the reduction of manufacturing delivery times,
thereby reducing work in process and finished goods inventories,
eliminating unnecessary movements of materials resulting in
having the correct level of inventory to meet customer demand
and thus increase the customer service level [10].

It is essential to align the demand planning by reducing the
variation of the demand estimate and leveling the demand,
establishing EOQ to determine the optimum lot size to produce to
minimize the ordering and logistic costs of maintaining the
inventory, also optimizing equipment change over times allows
reducing the number of Kanban cards which results in a reduction
of storage space such as the transport of materials by creating a
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continuous flow in the value chain and making timely deliveries
to the customer [11].

Within the investigation of inventory management, the
optimization strategy stands out; the correct coordination of prices
and inventory management technology is vital. Many companies
begin to improve logistics by applying inventory control
technology to reduce costs. The opportunity lies in ensuring
having enough inventory to meet demand by minimizing
inventory costs in the right place and time [12].

Any improvement in inventory performance has an impact on
the quality of the product as well as the financial performance of
the Company, so management must pay attention to proper
inventory management. Companies without sufficient financial
liquidity to obtain better financial performance can improve
product quality by improving inventory management [13].

The correct inventory management practices have a direct
impact on working capital, production, and the level of customer
service and sales. Goods inventory management practices include
having the correct levels of raw material and in-process inventory
to ensure the continuous flow of supply to production, to avoid
stoppages of the production line, to anticipate the correct prices of
materials, ensure the correct levels of inventory of finished
product to complete customer orders, follow the customer's
demand to increase the level of service provided to the same [14].

The ABC Inventory Classification usually considers the
annual volume multiplied times the ordered price in a descending
manner classified into three categories A, B, and C. According to
the ABC classification, the same service level is assigned for each
part number according to the classification. Regularly, the articles
generate the most considerable profit and are considered higher
levels of service. To classify each of the part numbers, a new
approach that takes into account four parameters is proposed: the
cost of having a shortage times the rate of demand, divided into
the cost of maintaining the inventory (purchase price) times the
amount to be ordered for each of the articles; the result is sorted
in descending order and is classified on ABC, which considers
three classes: 50%, 30% and 20%, where A must have the highest
level of service, followed by B and C [15].

Once certain products classified as type A, for the calculation
of finished product inventory level, known as supermarket Figure
1, the following formula is considered [16]:

Average daily demand x Stock for the
Feplacement delivery period | cvcle
+ Demand Variation % | Buffer stock
{stock for the cyele)
+ Security Factor %% Security stock
(stock for the cyele +
buffer stock)
= Supermarket
stock

Figure 1: Approach to the calculation of the supermarket inventory level

The supermarket inventory is equal to the stock for the cycle
(it is the average demand of each product classified type A, which
considers the replenishment delivery time. Replenish time is the
period elapsed from the date the order is received, manufactured,
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and made available at the warehouse) plus buffer stock (which is
the amount of each product to be placed to cover any supply
variation, such as quality defects, equipment stoppages, personnel
missing, raw materials shortage). This supermarket shall be
revised daily to ensure finished product availability to comply
with service level upon any variation in demand or supply.

Inventory management with a maximum and minimum policy
established on this case study for the industrial products industry
has also been applied as the policy to health services, which have
considered the importance of ensuring the supply of medicine, as
well as a level of safety stock inventory to have continuity in the
service in the event of supply shortages. By having a correct level
of service and reducing delivery times, the decrease in inventory
level is favored. The factors contributing to a shortage in
medication shall be known, and evaluation is to be made from the
demand pattern and all processes of the value chain intervening
up to the delivery of the medication [17].

3. Problem Statement

The Company is committed to a quality management system
that seeks to continuously improve profitability, customer
satisfaction, internal processes, and staff development through the
fulfillment of quality objectives and has considered strengthening
its continuous improvement process in the distribution center
located on the main plant solving the next opportunity for
improvement: Position the correct level of finished product
inventory under A classification, to increase the level of service
to 95% as the preparation of shipment is interrupted due to the
shortage of finished products for direct sale to or transferred to
other manufacturing plants of the Company, having to reschedule
shipments impacting the Company's sales, improve response time
in the distribution center from the receipt of the finished product,
collection of the product according to the customer's order,
preparation of shipment, invoicing and clearance to 90 minutes.

Change management for continuous improvement as outlined
in his Theory of Constraints (TOC) concepts and principles for
improving companies' performance by focusing on some
restrictions in the system. These influence points are system
restrictions [18] [19].

4. Methodology

It is necessary to validate if the processes are oriented to
serving the customer and achieve a high standard of service level
to understand the value chain's baseline of performance. For this
purpose, a mapping of the value chain is performed, which is a
tool of lean manufacturing that is carried out by product family
which outlines the value chain, customers, primary and secondary
processes, suppliers, flows of information, and timeline, to
display the waste, non-value-added activities and take actions to
eliminate them. First, the map of the value chain in current status
is carried out to identify the waste, which is transportation,
inventory, movements, waiting, over-processing, overproduction,
and defects; improvement events known as Kaizen are proposed
to eliminate waste and streamline the value chain and therefore
map the ideal state [2].

ABC analysis for inventory management is a method of
inventory classification to book value (cost or acquisition) of the
materials stored that considers the use of the article by its book
value, classified from highest to lowest [20].
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The principle of ABC analysis in inventory management applies:

1) Inthe classification of inventory items, based on their relative
importance.

2) By setting different administrative controls for different
classifications of materials and setting different degrees of
control according to each classification's different ranges.

The criterion of classification should reflect the difficulty of
controlling an article and the impact of this on the cost and in
profit.

The ABC analysis determines the importance of an article in
the Company's inventory. To perform this classification,
companies could consider some of these no limitation criteria:

1) The annual transaction volume of an article (valued
monetarily).

2) Shortages of material used in the production of an article.

3) Delivery time.

4) Storage requirements of an article.

5) Risk of theft.

6) Useful life.

7) Cost of a shortage of inventory, among other criteria.

The criterion used in this case study for the ABC classification
is the volume of sales valued monetarily considering the last six
months of current sales.

For classified items A, inventory control of maximum and
minimum inventory method is implemented, which is a system
specially developed to achieve up-to-date warehouses control and
achieve optimal inventory; it sets the maximum and minimum
levels of stock for each product, as shown below:

Definition of Variables:
X = Average sales in three months.

T = Time since the manufacturing plant receives the request
from the distribution center.

Tnfe = time to manufacture considers the days the manufacturing
plant requires to produce the finished product.

Tiransi: = time in transit from the plant warehouse to the distribution
center.

Var.Tansit: Time the shipment may be delayed from the main plant
warehouse to the distribution center.

Frec.emp: Shipment frequency. Several days between each
shipment.

Var.pem. = Demand variation in days needed as additional
coverage in the event of any demand fluctuation.

Equations for the calculation of maximum and minimum
inventory:

The minimum inventory is calculated based on the average
daily demand times the replenish lead time [16].
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Min.]nventofy = /\7* (Tlnﬁ; + Tmfg + Toransic + Var. twansic +
Frec.gm) (1)

The maximum inventory is calculated based on the average
daily demand times the replenish lead time in days plus the
variation of the demand in days to have additional coverage for
any demand fluctuation [16].

Max.Inventory= X * (Tip + Ty + Tiransic T Var. twansic + Frec. emp
+ Var.pem) 2)

(Min Inventory+Max Inventory) (3)

Optimal inventory = >

The reorder point is the point when the inventory drops to a
certain level, an order for a predetermined amount to replenish the
inventory within the supplier's time of delivery is placed. This
type of system can be used effectively for articles with
independent demand. The reorder point is established to cover the
average use within the delivery time plus variation in demand or
variation in delivery time. The inventory to absorb this variation
is known as safety stock. The amount of variation to cover
depends on the level of customer service desired [20].

The safety stock (SS) required is a function of the random
variation in demand during the estimated period, the desired level
of customer service, and the radius of the delivery time during the
estimated period.

SS =zsVILT “4)

Where SS is the safety stock in a warchouse, z is the level of
service sought for the Company represented by the value of the
area under the curve, s is the standard deviation of the product
demanded in the warehouse per unit of time.

Once inventory levels are set, next is the leveling of
manufacturing within a period. It allows avoiding fluctuations to
make the consumption of raw material, labor, and production
capacity more predictable, ensuring finished product availability,
minimizing inventory, working capital, and lead time throughout
the value chain [16].

For this proposal, it is transcendent to determine the control
condition of the process before the proposed improvements, as
well as the determination of process capability indexes before the
improvements and the associated sigma level thereof, to have
transcendent measurements

To establish the central distribution center's baseline of
performance, the Auditing Warehouse Performance, Ohio:
Ackerman Publications checklist was applied [21].

Table 1: Summary of results of the Audit Central Distribution Center

AREA WEIGHT | RANK | MAX | GAP
RANK
External 0.05 0.117
Internal 0.05 0.126
Warchouse 0.1 03 | 04 | o1
IT systems
616


http://www.astesj.com/

L Alvarez et al. / Advances in Science, Technology and Engineering Systems Journal Vol. 5, No. 6, 613-626 (2020)

Mechanical
handling 0.1 0.264 0.4 0.136
equipment
Contingency | o5 | (067
planning
Inbound 0.0 | 0211 | 049 |0278
operation
Put-away and 0.05 014
storage
Stock control 0.15 0.417 0.6 0.183
Picking 0.05 0.15
Dispatch 0.15 0.48 0.72 0.24
Staffand | 0.05 | 0.123
housekeeping
Warehouse -
performance 0.05 0.1
management
Legislative &
Health and
Safety 0.05 0.154
requirements
Overall
Warehouse 2.648 | 3.585
Rating
1 2 3 4 0
No Poor Good Excellent N/A

Overall, the general grade of DC was 2.648, which indicates
performance with an opportunity for improvement. When
considering the ascribed areas as the most important in the
auditing process, the maximum range was calculated. It denotes
three areas with an opportunity for significant improvement:

1) Inbound Operation with a gap of 0.278.
2) Dispatch with a gap of 0.240.
3) Stock Control with a gap of 0.183.

If efforts are focused on these three areas, then a potential
score of 3.459 can be reached to be close to excellence with a
rating of 4.

Hence, the efforts will be focused on the following processes:

a) Receipt, Preparation of the Shipping Order & Inventory
Control. It interrupts the shipment's preparation flow due to
finished goods and raw material shortage in the main
warehouse, which causes reschedule shipments to the
distribution centers based on the promised delivery date of
production and suppliers. Evaluate the option to implement a
pre-shipment activity and implement a performance metric of
hours of preparation and loading of the shipment.

b) Dispatching requires a shipment schedule to increase
flexibility associated with sales to customers based on
available resources as workforce, space, and equipment.

¢) One of the audit opportunities is the lack of KPI's to monitor
CD's performance. Customer's delivery time, one of the top
priorities identified by the commercial area, currently is 5
hours, being the goal of an average time of 90 minutes.
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d) In the stock control process, the opportunity is detected to
implement an inventory control to guarantee the inventory's
availability due to the constant interruption in the picking
process due to finished goods inventory shortage
compromising the shipment program and impacting the
customer service level.

Associated with the delivery of the finished product to the
customer, transformation processes were evaluated to understand
the flow of the value chain of the Company, from suppliers,
production processes, distribution and final delivery of customer,
as well as the activities that provide service to primary processes,
which involves the creation of the customer order, the
administration area authorizes the order, the ordered product
inventory is booked, delivery of documents to logistics,
processing the loading order, delivery of documents to the loading
area, loading of order and delivery of documents to the customer.
Value stream mapping is a tool to achieve competitiveness in any
company's value chain, highlighting the inefficiencies of
processes such as areas for improvement [22].

The value stream map of the current state indicates:

e The model is pushed and does not have a sales estimate from
the commercial area.

e Orders flow into the commercial area, and there is no
supermarket of the finished product to shorten the delivery
time to the customer and act as a buffer to absorb changes in
demand.

e The production plan is made based on the demonstrated
demand, and a production signal is sent to production based
on a weekly production plan that applies to each of the work
centers, which takes into account proven capacity and labor
requirements.

e Material planning is done based on an MRP that explodes
customer requirements to validate inventory position and
release the production orders.

e The suppliers do not estimate the future requirement of the
raw materials, so they react based on the monthly supply
signal sent by the purchasing department.

ABC analysis was performed, Table 2, which considered the
sale of each Distribution Center (DC) for each of the finished
products by book value, based on manufacturing and sorted from
highest to lowest. The Company's approach resides in 52 catalogs
to implement the inventory control policy of maximums and
minimums in Central Distribution Center, 18 catalogs in
Distribution Center in City one, and 21 catalogs in City two
Distribution Center, as it is shown below:

Table 2: ABC Classification

DC Central

ABC Total %Sales
Catalogs Value

A 52 80

B 68 15

C 207 5

DC City 1

ABC Total %Sales
Catalogs Value
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A 18 80
B 31 15
C 58 5
DC City 2

ABC Total %Sales

Catalogs Value

A 21 80
B 26 15
C 68 5

When reviewing the inventory's coverage in the days of the
finished goods classified as type A, there is an average inventory
coverage of 27 days, compared against the Company's goal of 14
inventory days. The following Table 3 shows a summary of
coverage in the inventory days before the implementation of the
improvement:

Table 3: Coverage in days and distribution as a percentage of the value of

inventory catalogs classified as Type A

DC Central
DOS Number of % of
Finished Inventory
Goods Value
0 Days 7 3%
From 1 to 14 days 12 7%
From 15 to 22 days 13 53%
From 23 to 30 days 6 17%
Greater than 30 12 20%
days
Total 50 100%
DC City 1
DOS Number of % of
Finished Inventory
Goods Value
0 Days 1 0%
From 1 to 14 days 8 57%
From 15 to 22 days 2 18%
From 23 to 30 days 3 9%
Greater than 30 4 16%
days
Total 18 100%
DC City 2
DOS Number of % of
Finished Inventory
Goods Value
0 Days 2 0%
From 1 to 14 days 10 43%
From 15 to 22 days 19%
From 23 to 30 days 33%
Greater than 30 2 5%
days
Total 21 100%
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Next, the state of statistical process control regarding the original
process is shown and the capability index, Z level, and associated
sigma [23].

A prerequisite to determine the status of control of a process is to
validate that the data analyzed corresponds to a standard
distribution. Figure 2, which can be validated and with the value
p=0.191, is higher than the level of type I error or a=0.05.

Probability Plot of Original process
Normal

Mean 1261
StDev  2.973

AD 0503
P-Value 0.191

Percent
g

5.0 75 10.0 125 15.0 1.5 200 25
Original process

Figure 2: Normal Probability Graph

In Figure 3, it can be noticed that the process is out of
statistical control due to several measuring points, which are
outside control limits, which are associated with sources of
variation attributable to the conditions of the current process [23].

I-MR Chart of Original process
,
200 A
175 %
/.\/ \/_‘\//‘\ UCL=16.38

125 NJ/\\Y \. X=1261
100

F//./\Y LCL=8.84

1 4 7 10 13 16

19 22 25 28 3

Individual Value
@
°

Observation

UCL=4.631

w &

Moving Range

15 MR=1.417

0.0 LCL=0
1 4 7 10 13 16 19 22 25 28 31
Observation

Figure 3: Control Chart for Individual Values and Mobile Range of the original
process

Figure 4 shows the capability process analysis report for the
original process. The cpk index establishes the actual process
capability to meet specifications to consider that a process is
adequate; the value must be higher than 1.25 [23]. the current cpk
value of the process is 0.37, so the process under current
conditions cannot meet specifications and requires serious
intervention to restructure its activities and operation controls.
The Z level of the process is 1.11, which is reflected in the sigma
level = 2.61, the sigma level of a process is determined by the
value of the Z + 1.5 level associated with the general standard
deviation of the process. It should be noted that the lower
specification limit is considered suitable; hence efforts will be
concentrated on the upper specification limit [23].
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LSL

Target

usL

Sample Mean  12.6072
Sample N

Process Data

Process Capability Report for Original process
(using 95.0% confidence)

LSL Target USL

Overall
......... Within

7

12
14 Potential (Within) Capability
ZBench 11

LB for Z.Bench 0.55

32

StDev(Overall) 2.9727 i Z.LSL 4.46
StDev(Within)  1.25646 i Z.UsL 11

PPM < LSL
PPM > USL  312500.00
PPM Total ~ 312500.00

Cpk 037
ClforCpk  (0.22,0.52)

6 8 0 12 14 16 18 20

Performance
Observed Expected Overall Expected Within
0.00 2963112 4.05
319705.50 133825.84
349336.62 133829.89

Figure 4: Process Capability report for the original process

The graph of the performance of the process shown in Figure 5
allows observing the fraction of the process that fails to comply
with the established specifications. It can be seen in the area under
the curve that exceeds the upper control limit.

04

03

02

241

Performance Graph Original Process

Performance = B5.6481%, DPM = 133581

LSL HOM USL

=4 a 4 8
Sigma

Figure 5: Performance Graph for the original process.

In the six sigma calculator associated with the process Table
4, the values obtained are the Z value of 1.11, Defects Per Million
(DPM) of 133,519, Percentage of Defects 13.3, Yield of 86.64%
with a process capability (Cpk) of 0.37, and a sigma quality level
(SQL) of 2.6 [23].

Table 4: Six Sigma Calculator
Entry: Value-Z=1.11
Change in sigma = 1.5

Equivalent values

Table of Contents Value

Value-Z 1.11
DPM 133519
Defects 13.3519
Performance 86.6481
Cpk 0.37
SQL 2.61
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5.

Issues, Controversies and Problems

Based on the audit, other opportunities were identified and

then raised to the Company:

)

2)

3)

Improve the receiving flow of raw materials and finished
product, since the schedule for the reception of raw material
as complementary products for sale is interspersed with the
hours of shipment preparation, which generates a conflict of
space in the yard and rescheduling of shipments of the
finished product.

Review the flow of finished products from other
manufacturing plants to ensure the availability of inventory
in the central distribution center, positioning a supermarket
to facilitate the consolidation of shipments.

Streamline the work used in the Operation of the process put
away (pre-stowage to the final location of the finished
product) combined with the efforts of picking Operation for
the shipment of the product and create a standardized work
for the truck loading process.

Research Methodology

In the implementation of the improvement of the customer

service level to guarantee the availability of the finished product
and improve the delivery time in the distribution center, the
following results were obtained:

1)

2)

3)

4

Audit in the central distribution center to detect
improvement opportunities, where the detail of such is
presented in the analysis of Table 1.

The ABC classification was performed to determine the

items that represent 80% of the sales valued, to focus on the

control of inventory presented in Table 2.

The analysis of the coverage of inventory of finished

product catalogs, Table 3, classified as type A, indicates that

seven catalogs of finished product do not have inventory for
sale, only twelve catalogs are within the target set by the

Company of fourteen days of inventory, and the rest of the

twenty-nine catalogs are above the goal of fourteen days of

inventory. Only 7% of the total monetary value of the stock
is located within the established goal of inventory coverage.

Lead Time Component Analysis

a) Information Lead Time: Time from the moment the
manufacturing facility receives the request for inventory
replenishment from the distribution center supermarket.

b) Manufacturing Lead Time: Considers the days that
require the manufacturing facility to produce the finished
product, plus the quarantine time.

c) In Transit Lead Time: Time in transit from the
warehouse of the manufacturing facility to the
distribution centers.

d) In Transit Lead Time Variation: Time that can delay the
shipment from the warehouse manufacturing facility to
the distribution center due to external factors such as
climate, holidays, transport breakdown, among others.

e) Frequency of Shipments: Considers the period in days
between each shipment.

f) Variation of Demand: Days of daily inventory coverage
regarding the daily sales average to cover any variation
in demand required by the final customer.
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g) Variation of Supply: Daily coverage based on average
daily production to cover any variation in the supply as
quality defects, equipment stoppage, lack of personnel,
shortage of raw material.

The evaluation of lead time's components for the
manufacturing facility is considered in the following Table 5:

Table 5: Manufacturing Lead Time Components

Manufacturing Lead Time Days
Components

Information Lead Time 2
Manufacturing Lead Time

Quarantine Lead Time 7
Supply Variation 10

For the case of a distribution center, the lead time components
are shown in the following Table 6:

Table 6: Lead Time Components for the Distribution Centers

DC Central Lead Time Components Days
Information Lead Time 2
Manufacturing Lead Time 7
In Transit Lead Time 0
In Transit Variation 0
Shipment Frequency 1
Demand Variation 7
DC City 1 Lead Time Components Days
Information Lead Time 2
Manufacturing Lead Time 7
In Transit Lead Time 1
In Transit Variation 0
Shipment Frequency 3
Demand Variation 3
DC City 2 Lead Time Components Days
Information Lead Time 2
Manufacturing Lead Time 7
In Transit Lead Time 1
In Transit Variation 0
Shipment Frequency 3
Demand Variation 2
DC Central Lead Time Components Days
Information Lead Time 2
Manufacturing Lead Time 7
In Transit Lead Time 0
In Transit Variation 0
Shipment Frequency 1
Demand Variation 7
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5) Inventories Planning for the distribution centers and
manufacturing facility

The sales estimate horizon is three months (current month plus
two months based on the historical demand), the demand is
analyzed based on the current sales and sales estimate provided
by the commercial area Table 7 for calculations of supermarkets
to position each of them in the distribution centers.

Table 7: Demand for each Distribution Center

Central Distribution Center

Catalog | Aug | Sep | Oct | Nov | Dec
19 19 |19 19 19
8750 286 | 92| 138 | 272 | 227
6890 271 [ 219 | 210 | 169 | 150
5151 78 | 170 61 | 162 94

Central Distribution Center
Catalog | Jan | Feb | Mar | Apr | May
20 20 | 20 20 20
8750 307 | 307 | 314 | 215 | 205 | 205
6890 260 | 313 | 282 | 215 | 200 | 200
5151 18 62 | 59 60 50 50

Jun 20

City 1 Distribution Center
Catalog | Aug | Sep | Oct | Nov | Dec
19 19 |19 19 19

8750 2 8 23 6 7
6890 19 1139 | 119 | 197 | 140
5151 58 | 28 | 155 | 140 | 100

City 1 Distribution Center

Catalog | Jan | Feb | Mar | Apr | May | Jun 20
20 |20 [20 |20 |20
8750 2 1 0 13 13 9
6890 230 | 211 ] 293 | 171 | 140 128
5151 177 | 88| 126 | 92 43 43
City 2 Distribution Center
Catalog | Aug | Sep | Oct | Nov | Dec | Catalog
19 | 19 | 19 19 19
8750 531 25 6 39 52| 8750
6890 81 60| 24| 21 6| 6890
5151 26 | 24 8 34 19 | 5151
City 2 Distribution Center
Catalog | Jan | Feb | Mar | Apr | May | Jun 20
20 | 20 | 20 | 20 20
8750 64| 35| 6l 63 67 63
6890 2 6 6 12 12 12
5151 16 | 18 16 | 25 29 25

The daily requirement sale is calculated as well the reorder
point as the maximum, optimum, and minimum of inventory of
finished product Table 8, for each of the distribution centers of the
Company, which consider the lead time components.
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Table 8: Supermarket Positioning Distribution Center

DC Central

Catalog | ROP | Inventory | MIN | IDEAL | MAX
8750 171 247 96 139 182
6890 166 231 93 135 177
5151 16 49 9 14 19

DCCity 1

Catalog | ROP | Inventory | MIN | IDEAL | MAX
8750 17 4 6 13 20
6890 147 76 52 113 173
5151 51 35 24 43 63

DC City 2

Catalog | ROP | Inventory | MIN | IDEAL | MAX
8750 35 18 12 26 41
6890 17 27 6 13 20
5151 9 25 5 8 11

In the manufacturing facility, the production plan Table 9 is
analyzed to implement the supermarket and act as a buffer before
any variation of supply to ensure the availability of the product.
The production plan considers the distribution centers' net
requirement, less the positioned inventory on the facility to
calculate the requirement to produce.

Table 9: Production Plan - Manufacturing Facility

Catalog Aug | Sep | Oct Nov | Dec
19 19 19 19 19
8750 456 332 | 338 100 325
6890 549 542 | 467 320 360
5151 38 286 65 241 229
Catalog Jan Feb | Mar | Apr May Jun
20 20 20 20 20 20
8750 430 323 450 449 408 400
6890 580 | 493 584 599 469 457
5151 128 59 191 235 65 65

Determines the supermarket Table 10 for the production area
that considers the maximum and minimum inventory policy:

Table 10: Supermarket Manufacturing Facility.

Catalog | ROP | Inventory | MIN | IDEAL | MAX
8750 154 130 154 170 185
6890 212 230 170 212 255
5151 19 25 10 22 34

6) Visual Management of the Inventory of Distribution
Centers

The current inventory of finished products is compared against
the maximum, optimum, and minimum inventory to maintain
visual management. Green indicates that it is within the maximum
level and optimum inventory; this is the ideal position. Yellow
between the optimum and minimum levels requires planning to
place a manufacturing order to replenish the inventory to its
position. Red requires expediting the production order, given that
the current inventory is below the minimum level with a possible
negative impact on the service level. When the current position is
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blue, it is above the maximum allowed level, and action is
required to balance the inventory levels to those approved. It is
essential to run this report daily since it is the tool that manages
the release, issuance, and establishment of priorities of the
manufacturing orders to production and the valuation of the
position of inventory in units. This report is required per the
manufacturing facility and distribution center.

7) Planning Horizons

Once the supermarket was positioned in the Distribution
Center and manufacturing facility, the following was agreed with
the Commercial area:

The sales estimate horizon is three months (current month plus
two months based on the historical demand), delivery takes place
between 3 - 4 days business days of the month, and formed on the
following and the basis of the planning zones:

e  Fixed Zone: Consists of the time required upon releasing the
production order and until the product is available for sale.
The horizon is of 14 days with zero percentage of variation.
This planning zone is conformed of labor, materials, and
burden.

e Firm Zone: This zone considers, from the moment the
purchase order is placed to the suppliers, considers the
longest lead time of the resource, either materials, tools,
and/or equipment, as labor in compromising the production
requirements. The time horizon is 20 days; the variation
percentage of the sale estimated is +/- 20%. In this horizon,
planning involves materials and any other resource required
to be contracted as labor and/or equipment.

e Planning Zone: Consists of the horizon when no resource for
production is committed; therefore, the percentage of
variation is open.

8) Delivery Time to Customer Service

The delivery time to the customer is essential as part of the
flexibility offered by the Company, to meet the immediate need
for what was agreed with the Commercial area, the following
delivery times according to the ABC classification of the finished
product:

e Family Products A: Delivery time is the time upon the receipt
of the order, preparation, shipment, and invoicing; this
delivery time is of 90 minutes for the external customer; in
the case of an internal customer as the Distribution Centers
located in other cities, it must be considered two days upon
the receipt of the inventory replenishment requirement,
preparation of shipment and billing plus the in-transit time. If
demand variation consumes the inventory available in the
supermarket, the planning area should coordinate the
managing of materials and resource capacity with Production
and Purchasing; consideration should be given to the delivery
to customers and communicate to the commercial area the
best delivery commitment to customer's order. In
coordination with planning, the Commercial area shall
manage the priorities of the inventory allocation until the
inventory is regularized in the supermarket according to the
maximum and minimum levels of inventories approved.
Production should communicate the plan to recover
inventory to approved levels.

621


http://www.astesj.com/

L Alvarez et al. / Advances in Science, Technology and Engineering Systems Journal Vol. 5, No. 6, 613-626 (2020)

o  Family Products B: These finished goods products are
not supplied within the calculation of the maximum and
minimum inventory. It is a product that is managed to
make an order basis. Delivery Time is seven days. The
way to schedule this finished product to production is
FIFO (Customer's First orders entered are the first to be
scheduled for production).

e  Family Products C: This is a new product with a
particular design in which the delivery time is variable
according to the project's timeline.

9) Production Balance

Based on the month's production requirement, the production
requirement is planned in Table 11, 30% in week 1, 30% in week
2, 20% in week 3, and 20% in Week 4; this production balance
enables demand confrontation since 60% of the sale occurs in the
last two weeks of the month, which makes the labor requirement
planning Table 12 as the materials requirements more predictable,
for inventory positioning of raw materials in supermarkets, this
enables better visibility of the requirement to the consumption of
raw materials to suppliers and increase the flexibility of the
productive capacity, especially when they are manufacturing
make to order products for special projects for which demand is
random.

Table 11: Monthly Balanced Production Plan

Mont Pro | Pro | Pro | Pro Hr. Hr. Hr. Hr. Hr. Hr. Hr. Hr.
hly d. d. d. d. Req Req Req Req Req Req Req Req
Catalog Prod. Req | Req | Req | Req | Proce | Proce | Proce | Proce | Proce | Proce | Proce | Proce
Req" Wk | Wk | Wk | Wk | ss1 ss 2 ss 1 ss 2 ss 1 ss 2 ss 1 ss 2
1 2 3 4 Wkl | WKkl | WK2 | WK2 | WK3 | WK3 | Wk4 | Wk4
Product 1 493 148 | 148 | 99 99 166 243 166 243 111 162 111 162
Product 2 323 97 97 65 65 109 159 109 159 73 106 73 106
Product 3 59 18 18 12 12 8 16 8 16 5 11 5 11
Product 4 0 0 0 0 0 0 0 0 0 0 0 0 0
Product 5 232 70 70 46 46 63 63 63 63 42 42 42 42
Product 6 0 0 0 0 0 0 0 0 0 0 0 0 0
Product 7 145 44 44 29 29 49 71 49 71 33 48 33 48
Product 8 430 129 | 129 | 86 86 145 212 145 212 97 141 97 141
Product 9 1 0 0 0 0 1 3 1 3 1 2 1 2
Product 10 57 17 17 11 11 19 51 19 51 13 34 13 34
Product 11 40 12 12 8 8 14 36 14 36 9 24 9 24
Product 12 151 45 45 30 30 27 20 27 20 18 14 18 14
Product 13 241 72 72 48 48 43 33 43 33 29 22 29 22
Product 14 78 23 23 16 16 14 11 14 11 9 7 9 7
Product 15 372 112 | 112 | 74 74 67 50 67 50 45 33 45 33
Product 16 300 90 90 60 60 54 41 54 41 36 27 36 27
Product 17 109 33 33 22 22 20 15 20 15 13 10 13 10
Product 18 92 28 28 18 18 25 83 25 83 17 55 17 55
Product 19 165 50 50 33 33 22 22 22 22 15 15 15 15
Product 20 218 65 65 44 44 0 75 0 75 0 50 0 50
Product21 | 1089 | 327 | 327 | 218 | 218 0 399 0 399 0 266 0 266
Wk Req. hrs. 540.1 | 762.9 | 540.1 | 762.9 | 360.0 | 508.6 | 360.0 | 508.6
Daily Req. hrs. 90.0 | 127.2 90.0 | 127.2 60.0 84.8 60.0 84.8
Table 12: Labor Weekly Requirement
Labor Weekly Requirement
Week 1 Week 2 Week 3 Week 4
Process Process Process Process Process Process Process Process
1 2 1 2 1 2 1 2
Product 9.7 14.1 9.7 14.1 6.5 9.4 6.5 9.4
Family 1
Product 7.8 11.2 7.8 11.2 52 7.4 52 7.4
Family 2
Product 1.7 1.8 1.7 1.8 11 12 11 1.2
Family 3
Product 0.9 1.8 0.9 1.8 0.6 1.2 0.6 1.2
Family 4
www.astesj.com 622
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10) Customer delivery Time

The customer delivery time Figure 6 is measured from the
moment the customer order is created, the administration area
authorizes the order, the ordered product inventory is booked,
delivery of documents to logistics, processing the loading order,
delivery of documents to the loading area, loading of order and
delivery of documents to the customer.

Registers an average customer delivery time of 46 minutes
below the goal of 90 minutes, which encourages the customer to
be recurrent customers considering the availability of inventory to
cover their requirements with a short delivery time.

11) Process Capability and Six Sigma

Through the implementation of the proposed improvements,
the process is in statistical control, as well as in the assessment of
capability indexes, the level of cpk increased from 0.37 to 0.86,
the associated z level moved from 1.11 to 2.59, and the sigma
level moved from 2.61 to 4.09 with a decrease of defects per
million of 133,519 to 4,798.83. It should be noted that an optimum
level is not yet achieved. However, this represents a strategic
impact and the opportunity to deploy additional improvements to
arrive at an ideal level of six sigma, that is to say, with only 3.4
ppm of failure. It can be observed in Figure 7 that the associated
data with the subsequent measurements to improvements come
from a normal distribution with a p value=0.407, which is higher
than the value 0=0.05 [23].

Probability Plot of Improved process
Normal

Mean 1123
StDev 1233
N 15
AD 0357
P-Value 0.407

Percent
@
g

Improved process

Figure 7: Probability Plot of Improved Process

Figure 8 shows the process under statistical control without
points outside the control limits without any anomaly trends.

I1-MR Chart of Improved process

UCL=14.433

W X=11.229

8 LCL=8.026

Observation

4 UCL=3935

[/
N

0 LCL=0

MR=1.204

Observation

Figure 8: Graph of Individual Values and Mobile Range for the Improved
Process
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Figure 9 shows the process capability analysis report in which
it is possible can see the improvements obtained with a Cpk index
of 0.86; although it is not the optimal state of the process
represents a significant improvement.

Process Capability Report for Improved process
(using 95.0% confidence)

LsL Target usL
P —— Overall
LsL 7 Within
Target 2
14 Potential (Within) Capability
Sample Mean  11.2293 2
15

StDev(Overall) 1.23304 § e
StDev(Within) 1.0678 o,

) Cpk 0.86
N Cifor Cpk (050, 1.23)

AN

Performance
Observed Expected Overall Expected Within
PPM < LSL 0.00 30183 37.36
PPM > USL 0.00 12317.51 413222
PPM Total 0.00 1261934 4769.58

Figure 9: Process Capability Report for Improved process

Figure 10 shows the improvement in performance in which
there is a significant reduction in the fraction of the probability
distribution outside the upper limit of the specification.

Perfermance Graph Improved Process

Performance = 89.5201% ,DPM = 479883
LSL HOM usL

A

) | .

01 l'\.

Sigma
Figure 10: Performance Graph Improved Process

Table 13 shows the values obtained in the six-sigma calculator
associated with the improved process the Z value of 2.59, Defects
Per Million (DPM) 0f 4,798.33, Percentage of Defects 0.47, Yield
of 99.52% with a process capability (Cpk) of 0.86, and a sigma
quality level of (SQL) 4.09.

Table 13: Six Sigma Calculator

Entry: Value-Z = 2.59, Change in sigma = 1.5
Equivalent values

Table of Contents Value

Value-Z 2.59
DPM 4798.83
Defects 0.479883
Performance 99.5201
Cpk 0.863333
SQL 4.09

12) Pull System

The Commercial area estimates the monthly sales to determine
the maximum and minimum level of finished product inventory.
A pull system is implemented, the customer's orders are supplied
directly from the CD's finished good product supermarket. The
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Figure 11: Days of Supply Finished Goods Inventory

consumption of the supermarket inventory generates a
manufacturing order for production to replenish the finished
product supermarket. As the supermarket's raw materials are
consumed when producing the manufacturing orders, the
purchasing requisitions of raw material are released to the
purchasing department to generate the purchase orders for the
suppliers and thus guarantee the replenishment in the raw's
materials supermarket.

13) Days of Supply Finished Goods Inventory

The trend chart of days of supply Figure 11 shows a favorable
trend in days of coverage, having a supply of twelve days of
inventory against a goal of 14 days.

7. Results and Conclusions

During the COVID 19 pandemic, the Company has been
operated with a Pull system, in which supermarkets were
positioned in Central, City 1, and City 2 distribution centers for
finished products classified A; The inventory is managed with a
maximum, and minimum policy, based on customer consumption,
the supply signal to the manufacturing plant is triggered to
replenish and position the inventory in the distribution centers.
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Based on the inventory consumption for the supermarket of the
manufacturing plant, the manufacturing orders are released to
replenish the inventory in the supermarket of the plant, which has
generated a reduction of the inventory to a coverage of 12 days
before starting the improvement in the process, the catalogs
classified type A had a 27-day average coverage, against the
Company's goal of 14 days of inventory. The service level, the
baseline of performance 89% guaranteeing inventory availability,
exceeds expectations with a 98% service level. An average
customer delivery time of 46 minutes is recorded below the 90-
minute goal, which encourages the customer to be a recurring
customer considering inventory availability to meet their
requirements with lead time delivery. The savings in inventory
optimization on an annual basis represented USD 530,785. (Five
hundred thirty thousand seven hundred eighty-five dollars)
helping the Company to gain liquidity and to create the conditions
for the recovery of economic growth, and helping to preserve
employment as much as possible in a constrained market.
Through the implementation of the proposed improvements, the
process is under statistical control, the process capability (Cpk) is
increased from 0.37 to 0.86, and the level six sigma (SQL) is
increased from 2.61 to 4.09, reducing the percentage of defects to
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13.3 to 0.47. An additional benefit is that the Company
implemented the methodology nationwide in its other
Manufacturing Plants and Distribution Centers. This
methodology supports the acceptable practices that the Company
is implementing in search of continuous improvement as part of
the strategic framework to fulfill the strategic objectives based on
the business vision.
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