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Improving Efficiency and Standardizing Procedures in the Electronics Department

1.0

INTRODUCTION

1.1 Background

The Institute for Ocean Technology (IOT) is one of 20 research and development
institutes and programs located across Canada, which combine to form the National
Research Council of Canada (NRC). IOT, an international leader in ocean engineering
research, conducts research through “modeling ocean environments, predicting and
improving the performance of marine systems, and developing innovative technologies
that bring benefits to Canada’s marine industries.”1 The facilities utilized for such
testing includes the Offshore Engineering Basin, Towing Tank, Ice Tank, Cavitation
Tunnel, Model Milling Machine, and Yacht Dynamometer. In addition to the outstanding
facilities, the institute is equipped with a group of exceptionally talented people who
excel in the study of various aspects of ocean technology.

Research and Development (R&D) plays an important role in developing new products
and advancing technology. Partnerships between industry, government, and university
researchers exist for the purpose of improving science and technology. Many large
organizations in industries such as electronics, chemicals, aircraft, and automotive
maintain extensive R&D groups. High costs are involved in performing R&D because
expensive equipment and highly qualified personnel are essential.

IOT’s facilities section is divided into several groups such as Mechanical/Naval Design
and Fabrication, Software Engineering, and Electronics and the overall project
interaction2 is depicted in Appendix A (pp.A-1). Typical projects involve design,
fabrication, and testing of large-scale models in open ocean environments. The
engineering design and functionality of a project depends on the organization of each
1
2
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department, and how it interfaces with neighboring departments. To ensure that the
Electronics department is operating effectively and utilizing standard procedures, this
department must be evaluated thoroughly.

1.2 Electronics Department

The Electronics department consists of one Shop Operations Supervisor, four level III
Technical Officers and one level II Technical Officer. This group interfaces with the
other facilities groups throughout the project research and development offering their
guidance and expertise in the electronics aspect of each project.

The group recognizes the advantage to improve efficiency and standardize internal
procedures, which in turn, would benefit the entire institute. The proposal to improve
the Electronics department initiated the involvement of the Quality Systems Group
(QSG) in the internal evaluation. This permitted the QSG to offer suggestions to guide
the evaluation and implementation process to meet the requirements of the quality
system. This initial proposal was to focus mainly on documentation in the Electronics
department and generate a documentation system. However, with the guidance from
the QSG and the Electronics supervisor, this proposition was tailored to fit the actual
scope of this report. This presented a new outlook on the evaluation of the Electronics
department by examining various aspects of the department and suggesting
improvement possibilities.

The Electronics group is responsible to design, assemble, and test any electronics
utilized in test models and equipment. The successful completion of a project requires
a combination of organizational and managerial skills with expertise in the ocean
technology research and development field. Department supervisors need defined
systems, procedures, or practices to guide the processes. This study is limited to the
examination of the consumables inventory control in section 2.0, equipment in section
3.0, plant layout in section 4.0, and documentation requirements in section 5.0 and their
relationship with project development, which will identify areas that need improvement.
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Improving efficiency and standardizing procedures in these facets of the Electronics
department is the first step to “providing quality services in efforts to define, interpret,
and meet or exceed requirements.” 3

2.0

CONSUMABLES INVENTORY

Inventory control can be defined as the management of the supply, storage and
availability of items to ensure a sufficient quantity. To monitor the availability of parts,
an inventory system must be developed, and maintained. This will not only organize the
inventory within a department, it will also provide all other departments with the
necessary information regarding the availability of parts.

The consumables inventory is composed of supplies that are bought regularly because
they wear out or are used up, such as resistors, connectors, cable, cleaners, and
chemicals. The inventory is stored on industrial shelving, storage bins, and cabinets
that will be further discussed in section 2.3 Consumables Inventory Storage and
Disposal. This inventory, which contributes to the fabrication of electronic aspects of a
project, is called a manufacturing inventory. These materials are essential in the
successful completion of a project and should be readily available upon request. All
inventories must be effectively monitored with a controlled system that has
demonstrated to be an effective method for the environment in which it exists.

In order to evaluate the consumables inventory in the Electronics department at IOT, a
complete review of the existing control process is essential to provide an accurate
study. This also involves the examination of problems that occur periodically, and the
storage and disposal practices for the consumables inventory. This is clearly outlined in
section 2.1 Consumables Inventory Control, section 2.2 Consumables Inventory
Inefficiencies, and section 2.3 Consumables Inventory Storage and Disposal.

3

IOT Quality Policy (located on the intranet web page)
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2.1 Consumables Inventory Control

To facilitate the evaluation of the consumables inventory, a questionnaire was
developed and distributed to all the Electronics technical officers to ensure accurate
information was gathered regarding the consumables inventory. The feedback4 from
questionnaires provided more than enough information to determine the consumables
inventory processes. So this poses the question, how is the consumables inventory in
the Electronics department controlled?

The entire Electronics group is responsible for the control of the consumables inventory,
which really indicates that the inventory is not controlled with certainty. Although, there
are processes established, this does not guarantee that they are the most effective.
However, it has been recognized that the consumables inventory should be evaluated in
order to implement a more effective system. A system must be created to fit the needs
of the environment at IOT, where many inventory control industry standards do not
apply and cannot be enforced.

Because IOT manufactures various components for many of their projects, there tends
to be an emphasis on enforcing manufacturing techniques. However, after a careful
review of production planning in a manufacturing environment, it is clear that the
inventory management standards do not apply in the Electronics department. IOT is a
research and development facility and, although it is very similar to manufacturing
facilities, it is also very different. This makes it very difficult to supply a clear-cut answer
to the problems.

Because IOT is a research and development facility, the projects requirements differ
each time they are produced, upon which the organization of resources and
coordination of tasks using management techniques is required. It is evident that
ongoing projects at IOT particularly differ from the fabrication of products in a

4
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manufacturing facility. While IOT does not have the main characteristics of a
manufacturing facility, the project development still involves design, manufacturing and
fabrication for completion. In order to gain from a consumables inventory system with
the integration of industry standards, the characteristics of projects at IOT must be
determined.

Electronics Projects
● No consistency in project flow.
● Flexibility is very high.
● Unique Products.
● Cost is high and often varies.
● Expertise and Talent requirement very high.
● Quantity is normally limited to one.

The processes relating to the consumables have been summarized to clarify the level of
the inventory control. These processes were clearly outlined in the response from the
consumables questionnaire, which was carefully reviewed. And although it appeared
that the entire Electronics group was aware of the established inventory control
processes, they do not completely adhere to these processes; therefore the processes
need to be reviewed.

Current Ordering Process

Check the stock to determine what needs to be ordered.
OR
Record items that need to be ordered on the white board in the lab.

Retrieve the part number of the item from the bins, the catalog, or online.
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Determine the quantity of parts and price of the order based on budget
constraints or project requirements.

Create a purchase order (PO) and obtain the appropriate approval signature
(Electronics supervisor or Project Manager)
AND
Obtain a PO number from the Finance department.

Order the parts.

Current Invoicing Process

Record all consumable parts removed from the inventory on the Electronics
Shop Consumable Control Sheet5.
Transfer this information into an excel spreadsheet with the correct pricing
Forward the information to the Finance department.

Other than an incomplete custom database, there is no electronic system used to
control the consumables inventory. There is no specified ordering point and a safety
stock is not monitored, or maintained. Although an actual ordering process has been
established, there is no process regarding when the ordering should be carried out,
which is the real control of the inventory. There is no particular individual responsible
for controlling this inventory because it was decided that it was best to share the
responsibility between everyone in the lab. As a result there is very little control of the
consumables inventory within the Electronics department, which causes inefficient use
of employee time and a negative work environment. These inefficiencies require some
modifications for improvement, which are detailed in the following sections.

5

Appendix C - Electronics Shop Consumable Control Sheet
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2.2 Consumables Inventory Inefficiencies

Although the inefficiency of the consumables inventory control has not caused any
chaotic events relating to project delays, this does not mean that it is the most effective
system. The Electronics group has a negative attitude toward the ordering and billing
processes because it tends to be tedious and time consuming. Evidently, it is
imperative that an improvement of the consumables control be emphasized. The
current invoicing procedure has been left unattended for at least 9 months, and it is now
too late to invoice for the consumables removed from the inventory during this time. As
a result, there has been a capital loss and an increase in frustration toward the
consumables control. If this task had been designated to one of the Electronics group
members, this loss could have been prevented. These are simple tasks that can be
scheduled monthly and will not consume a great deal of time. In order to implement an
effective inventory control system, the problems with the existing processes must be
determined and resolved. This requires the examination of the inventory control
practices, which is detailed in section 2.2.1 Inventory control proposal, section 2.2.2
Supplier relationships, and section 2.2.3 Consumables inventory database.

2.2.1 Inventory control proposal

The consumables inventory should be the responsibility of one individual and be strictly
controlled. The task of ordering stocked items should be scheduled on a regular
quarterly basis and be completed by one individual on behalf of the Electronics group.
Any additional ordering that is unscheduled and requires immediate attention should
only be executed after consulting the consumables inventory representative. This does
not require a formal meeting; it only involves is a quick e-mail or conversation. If an
individual is assigned to control the consumables, it is only fair to ensure they are aware
of ongoing activities concerning the inventory. Incorporating this into the current
ordering process would be a step in the right direction; however, until the inventory is
more easily controlled it would be unreasonable to designate a representative at this
time.
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To acquire the most effective system requires the incorporation of some industry
standards with respect to inventory control. In order to maximize the system
effectiveness, the existing process must be redefined with the integration of industry
standards. Materials Requirement Planning (MRP) is a form of inventory management,
which is a computerized information system commonly practiced in a manufacturing
environment. This technique is used to plan and manage manufacturing inventories
with three key inputs: master production schedule (MPS), inventory records, and bill of
materials (BOM). However, this system does not exactly apply to the operations that
take place at IOT. The MPS is the amount of complete products that must be produced
in order to meet the anticipated demand and the BOM is a structured parts list
illustrating the relationships between components and the amount of parts required
during assembly.6

However, there are many techniques of the inventory control industry standards that
can be used in order to structure a system to meet the requirements of the research and
development facility. These practices would help to configure an inventory control
system that would be effective, consistent, and practical.

Proposed Inventory Control Techniques

INVENTORY FILES (electronic or paper)
Inventory records should be established for all the consumables in the Electronics
department including the part numbers, quantity on-hand, quantity on-order, pricing,
suppliers and lead-time. This information should be incorporated in the consumables
database that continues in the developmental stages.

SAFETY STOCK
A safety stock is determined and maintained to reduce stockouts caused by the
variation in demand. The safety stock for each component varies according to the

6

Applied Production and Operations Management, Fourth Edition (text)
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frequency of use. A simple way to maintain this stock is to label bins and shelves with
the amount of parts that should be on hand. In order for this system to work, everyone
removing the items from these bins and shelves must be conscientious of this and
request an order for any items that are below their specified safety stock. This request
can be recorded on the white board in the Electronics lab so the consumables inventory
representative will be aware that a part must be ordered.

SCHEDULED INVENTORY CHECK
A scheduled inventory check would ensure the safety stock for each component is
maintained and verify that the parts removed from inventory are accounted for on the
Consumable Control Sheet. However, once everyone utilizing the consumables
inventory becomes accustomed to these procedures, this task may become redundant.

By using some of these techniques when creating an inventory control system, it will
make the new system effective and reliable, which will greatly benefit the Electronics
department. It would be beneficial to implement these recommendations on a trial basis
to determine the effectiveness of the system, and this would provide the Electronics
group with the opportunity to make any additional changes. If the inventory control
revisions are taken seriously, the outcome will provide the Electronics department with
an efficient control system.

2.2.2 Supplier relationships

Suppliers are vital in the progress of a project whether it’s in a manufacturing facility or a
research and development facility. It is imperative that suppliers and dealers form a
friendly, but professional, relationship based on trust. This is important because the
operations at IOT depend on the availability of the resources required to complete a
project. Once a good relationship is established, the reliance on suppliers becomes
easier.
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Supplier and Dealer Relationships

GET TO KNOW SUPPLIERS
Become familiar with suppliers – speak on a first name basis and be able to recognize
suppliers over the telephone and in person if possible.

DETERMINE EXPECTATIONS
Outline expectations of both parties to avoid any confusion.

The Electronics group at IOT deals with a range of companies that provide a variety of
parts needed to complete projects. These companies vary from local companies to
international companies based on the nature of the part required. Although, IOT strives
to deal with local companies, occasionally international business is unavoidable. In
addition, IOT must follow strict government procedures for purchasing. Since IOT
commenced in 1985, they have had almost 20 years to develop strong relationships
with their suppliers and it is crucial that these relationships continue. It is essential that
the suppliers are punctual, well informed, and most importantly, reliable.

2.2.3 Consumables inventory database

Presently, there is an incomplete electronic system that was developed with the intent to
implement an ordering and invoicing system for the consumables inventory. Continuing
with the development of this database with the goal of implementing the system is a
step in the right direction. However, the continuation of this project should be discussed
and reviewed with the QSG to ensure that this goal meets the overall goals of the
institute. It would be disheartening for the Electronics group to waste time and effort
developing a system that would eventually be dominated by a new global system within
the institute. Otherwise, the implementation of this system on the basis that it would
serve only as an internal tool to control the consumables inventory would be beneficial
to the Electronics department and the entire institute.
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The initial step to continuing with this process is establishing the status of the
incomplete database7 and determining if it will meet the internal goals of Electronics
department and the external goals of the institute. Once this is accomplished, the
project can be assigned to the appropriate individual and the completion and
implementation date can be scheduled.

2.3 Consumables Inventory Storage and Disposal

2.3.1 Consumable parts

The storage of the consumable parts in the Electronics department is reasonably
organized with proper industrial shelving, cabinets, and storage bins. However, to
maximize the storage area for the consumable parts requires at least four scheduled
cleanup days. This is discussed further in section 4.0 Plant Layout. This section
focuses on the designation of a specific consumables storage area and some quick fix
solutions to optimize the storage area within the department.

Contradictory to the storage of the consumable parts, the disposal of these items does
not pose as an issue for the Electronics department. Most of the consumable parts are
discarded through regular garbage disposal and transported to the public waste
disposal site. Any parts that could pose a threat are dismantled or disabled before
being placed in the trash, for example connectors are removed. However, there is an
issue with the disposal of batteries, not only in the Electronics department but also
throughout the entire institute. There are documented battery disposal procedures
available on the Government of Newfoundland and Labrador website which also links to
The ‘Battery Act’ from the United States Environmental Protection Agency. 8 These
references provide the information necessary to begin disposing of batteries properly.

7
8

Appendix D – Electronics Consumable Database Description
Appendix E – Battery Disposal Processes
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2.3.2 Hazardous materials

All IOT employees are required to perform their duties in a safe and efficient manner as
per the national hazard communication system for Canada, Workplace Hazardous
Materials Information System (WHMIS). The three main components of this system are
the supply of material safety data sheets (MSDS), labeling hazardous products with
cautionary information, and educational training programs.9 The objective of this
system is to provide the appropriate health and safety information to workers so that the
necessary safety measures will be taken to avoid injury, illness and death.
During normal operations in the Electronics lab, approximately 70 hazardous materials10
are on hand and should be stored in a secure area and labeled accordingly. The
WHMIS binder containing all the MSDS files should be readily accessible, and remain in
its designated location at all times. Any facility must take the appropriate precautions to
ensure the safety of all their employees. As a result, the Electronics group recognized
the need to deal with this matter, and have it resolved.

Steps to Complete the WHMIS Task

Designate an appropriate area to store the hazardous materials and WHMIS
manual.
Clean out the area by removing any items not classified as hazardous
materials.
Organize the products according to category, manufacturer, etc.

The MSDS manual is presently updated and requires the designation of a new location
to ensure the manual is readily accessible to the Electronics group. To ensure
consistency, one representative should be assigned to maintain the manual, which is
not time consuming, nor difficult. The chemicals still remain stored in several different
9

www.hc-sc.gc.ca/hecs-sesc/whmis
Appendix F – Hazardous Materials List
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areas, which is an issue that should be considered. The task of organizing an area to
store the hazardous materials should be assigned immediately to completely resolve
this matter. Any concern regarding the storage or disposal of these materials can be
resolved by referring to the WHMIS manual.

3.0

EQUIPMENT

In any research and development facility, the equipment is the backbone of the actual
completion of a successful project. The equipment, which can be defined as any
electronic or mechanical device, plays a major role in the success of the planning and
execution of all projects. The equipment is used for modeling ship systems, data
acquisition and other various project requirements.

The equipment used in the successful completion of projects at IOT is classified into the
following categories.
● Acceleration

● DYNO

● Remote

● Angle

● Gyros

Control

● Communications

● Load Cells

● Computer

● Motor

● DAS
● Displacement

Controllers
● Pressure

● Test
Equipment
● Tools
● Wave Height

An Electronics technical officer either allocates equipment to a project during their
design or assembly of components, or authorizes a piece of equipment to be removed
from the lab by a project representative. The Electronics department has approximately
1350 pieces of equipment, which supports the ocean engineering research
accomplished at IOT. In order to improve the efficiency and standardize procedures
within the department, the electronic equipment requires a thorough examination of the
current equipment control procedures which is described in section 3.1 Equipment
Control and section 3.2 Equipment Inefficiencies.
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3.1 Equipment Control

The Electronics department at IOT has developed an Electronic Equipment Database in
order to control the movement of equipment throughout the institute. Although the
database requires some additional modifications, it is quite capable of controlling the
equipment. The database is structured so the equipment information can be searched
using various forms of tracking information such as a barcode, serial number, model
number, name, manufacturer, etc. The system is designed to record the location and
status of each piece of equipment in order to provide a better service internally and
externally. This system is globally available within the institute where the information
can be viewed through the internal website at IOT. However, the availability of such a
system is only as effective as the individuals controlling the administrative aspects. Like
the consumables inventory, the entire Electronics group is responsible for the control of
the equipment. Control procedures have been established with the utilization of the
database to effectively monitor the equipment; however, the database is not effective if
individuals do not conform to these procedures.

The equipment control procedures are clearly outlined in the form of a flowchart in
Appendix G (pp.G-1), Equipment Flow.11 In addition these processes are outlined in
detail below.

EQUIPMENT “SIGN OUT” PROCEDURE:
Obtain the required equipment from the storage area.
Perform the standard functional check for the equipment (these functional
checks vary according to the type of equipment).
Sign out the equipment using the Electronic Equipment Database.

EQUIPMENT “SIGN IN” PROCEDURE:
Sign in the equipment into quarantine on the database.

11

Appendix G – Equipment Flow
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Place the equipment in the quarantine area.
Perform the standard functional check for the equipment (these functional
checks vary according to the type of equipment).
Place the equipment back in the storage area.

QUALITY SYSTEM:
Equipment moved from the storage area for a project
Contains a yellow tag that displays – DO NOT USE UNTIL CALIBRATED.
Equipment moved from the Electronics lab for a project
Contains a yellow tag that displays – DO NOT USE UNTIL CALIBRATED.
Contains an INSPECTED tag that has been dated.
Equipment calibrated for a project
The yellow tag is replaced with a green CALIBRATED tag that has been dated.
Equipment returned from a project
The green tag and inspected tag is replaced with a yellow – DO NOT USE UNTIL
CALIBRATED.

The system that has been created offers a very effective method to the control of the
equipment control in the Electronics department. And although there are some areas
for improvement and flaws in this system, it provides a structured management of the
equipment.

3.2 Equipment Inefficiencies

In order for an equipment control system to work successfully, the importance of the
system must be enforced so everyone involved is aware of the expectations. A strong
commitment from management would compel the Electronics group, and the entire IOT
group, to dedicate their efforts to ensuring that all processes are followed according to
the set standard. Unfortunately, even with the availability of a very capable control
system with respect to the equipment, inefficiencies exist. These inefficiencies are
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described in section 3.2.1 Policy enforcement, 3.2.2 Database additions, and 3.2.3
Equipment maintenance.

3.2.1 Policy enforcement

The National Research Council is well equipped with a strong management team who
are highly educated and dedicated to ocean engineering research. Dr. W. E. Deming,
founder of the Total Quality Management (TQM) approach, recognized the importance
of an effective management team as outlined in the following points, extracted from
Deming’s 14 Points.12
● Break down barriers between departments. People in research, design, sales,
and production must work as a team, to foresee problems of production and
in use that may be encountered with the product or service.
● Create constancy of purpose toward improvement of product and service,
with the aim to become competitive and to stay in business, and to provide
jobs.
● Put everybody in the company to work to accomplish the transformation. The
transformation is everybody's job.

In order to maximize the equipment control system, several processes must be
enforced and followed to keep the system working efficiently. If management dedicated
some time to ensure that the database and other equipment procedures were being
utilized properly, in a synchronized fashion the equipment control inefficiencies would
be eliminated. The utilization of the database, the application of the quality tagging
system, and the procedural operations must be deemed as standard policy within the
lab for the system to be efficient. This requires an emphasis on the following elements.

12

http://www.deming.org/theman/teachings02.html
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The equipment information must be clear and accurate in the database for the
system to work effectively on the internal web page for the entire institute.
The information entered into the database (such as the loan status and
working condition) must be accurate and modified if necessary.
The time at which the equipment is signed out must be acknowledged with a
specified return date.
The overdue items must be recognized and recorded for invoicing purposes.
The database must be always used to control the equipment.
Upon accepting returned equipment, a record of project equipment should be
printed as a checklist to verify that all pieces are there.

The current inefficiencies with respect to the equipment control need to be addressed in
order to maximize the equipment control system. This involves following the set
standard procedures and using the quality system properly. This improvement, and the
additions discussed further, would create an equipment control system that exemplified
consistency and reliability for the entire institute.

3.2.2 Database additions

The Electronics Equipment Database is structured to control the equipment efficiently
and accurately. It is an excellent method to control equipment and it helps to keep the
Electronics group organized and knowledgeable with respect to the status of their
equipment. However, the group is very familiar with the electronic system and has
recognized some imperfections that should be eliminated to improve the system. These
changes,13 illustrated in Appendix H (pp.H-1), were discussed with the Software
Engineering Group to determine the level of difficulty of the modifications and an
implementation time. In addition, a questionnaire was generated to determine the
overall opinion of making some changes to the database in order to provide a more

13

Appendix H –Electronic Database Improvements
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user-friendly system for the entire institute. The response14 from this questionnaire was
common among the participants and all comments and suggestions were considered.
The Software Engineering Group is aware of the request for changes to the database;
however, it has not been dealt with at this time. These changes should be distinguished
as a higher priority and addressed in the near future, to continue with the improvement
of the equipment control.

3.2.3 Equipment maintenance

Preventive maintenance proposes the idea of performing practical maintenance tasks in
order to prevent unscheduled equipment problems. The establishment of a Preventive
Predictive Maintenance (PPM) program has become more widespread in the industrial
environment. The PPM program not only prevents breakdowns, it also predicts when
the breakdowns will occur which enables certified technicians to fix the problem before it
escalates. It has been proven that a PPM program saves time and money, which are
the fundamentals of any organization. Once a program is in place, it eliminates the cost
of unscheduled maintenance and downtime. In addition, statistics confirmed that the
cost to implement a PPM program is actually equal to the accumulated cost of
unscheduled maintenance for only one year. Therefore, these funds can be used to
implement and sustain an effective maintenance program.

The Electronics department continuously performs functional verifications on the
equipment during project research and development. This can involve troubleshooting
a problem, replacing parts, or recalibrating for accuracy, which are tasks performed on a
regular basis. However, the Electronics group does not document any of these
operations using a standard format. It may be recorded on a sheet of paper that
eventually disappears or buried in a daily logbook, never to be seen again. This is not
an effective approach to the documentation of the maintenance performed on the
equipment in the Electronics department.

14

Appendix I –Equipment Database Modifications Questionnaire Feedback
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The consequences of not documenting maintenance tasks includes the following:
● Wasted time
● Increased costs
● Lost project time
● Complaints
● Increased troubleshooting costs

Although a full-fledged PPM program is not necessary to monitor the maintenance
performance, some elements of this type of program can be used to develop the most
effective system to meet the requirements of the Electronics environment. In addition,
the group has previously identified some of the initial components of a PPM program.
The equipment function, description, and parts list can be found in the equipment files
maintained in the lab. The implementation of a maintenance log would be the first step
to establishing a standard maintenance program. By recording maintenance tasks,
troubleshooting attempts, and the results would be worthwhile and beneficial to the
Electronics group. Although it may take a substantial amount of time before the benefit
becomes evident, once the maintenance log has been in place long enough it will build
a maintenance history for each piece of equipment. The fundamental result of a
maintenance log is lower maintenance costs, reduced downtime, and increased
productivity and reliability.

Currently there is no tracking system in place to monitor the maintenance performed on
the equipment, where a maintenance log would eliminate this problem. This system
would eventually provide enough information to draw conclusions on equipment
problems. It would answer the following questions.

Has this happened before?
How was it fixed?
Has there been a similar problem with other equipment?
Are there reoccurring problems with a type of equipment?
Who has experience with this type of problem?
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How much time will it take to fix it?
How much will it cost?

With a maintenance log in place and a history of equipment failures available, these
questions will be answered quickly and accurately. And eventually, the history will help
in the establishment of scheduled inspections and part replacement in order to prevent
reoccurring problems with the equipment.

4.0

PLANT LAYOUT

The recent renovations and additions to the IOT building in the last year have provided
the Electronics group with the opportunity to utilize a complete new office area, while
continuing to maintain most areas which were previously designated for their
department. With these changes, the Electronics department can now focus more on
the details involved in fine-tuning their designated areas which is described in detail in
section 4.1 Existing Layout of the Electronics Department and section 4.2 Layout
Inefficiencies.

The Electronics department is outfitted with two main areas that are completely isolated
from each other, the Electronics lab and the office area. These areas can be further
divided into each specific section outlined in Table 1.0 – Electronics Department.

Electronics lab consists of:

Electronics office area consists of:

The lab

3 occupied offices

1 occupied office

1 unoccupied office

2 storage rooms

An open cubical area (without the actual cubicles)

A mezzanine storage area
Table 1.0 – Electronics Department

Any additional changes with respect to the layout of the Electronics department must be
thoroughly evaluated in order to implement the most efficient layout. This involves the
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careful consideration of plant layout, ergonomics, and the physical capacity of the
designated areas. Plant layout “encompasses the design and location of production
lines, machinery and equipment, inventory storage and shipping facilities.”15 Optimizing
department layouts can improve a facility’s ability to operate effectively with a wellorganized workflow, improved safety and reduced costs. The implementation of an
effective, feasible layout would positively affect inventory control, process flow, and the
general organization within the Electronics department. In addition, ergonomics
involves the creation of a working environment to fit the people in it. Following
ergonomic principles, such as avoiding long reaches or muscle overloading, helps
reduce stress and eliminates potential injuries within the workplace. Designing tasks,
workspaces, tools, and equipment to fit the employee’s physical capabilities and
limitations creates an ergonomic environment.

4.1 Existing Layout of the Electronics Lab

As previously identified, there are several areas within the Electronics department,
which requires a detailed description in order to evaluate the existing layout, and offer
recommendations. To optimize the layout, the Quarantine area and Storage area must
be defined and its purpose must be supported with valid reasoning, which is discussed
in section 4.1.1 and 4.1.2.

4.1.1 Quarantine area

The Quarantine Area is designated for the equipment returned from a project, which can
be categorized as follows.

A)

Equipment returned from a project, which has not been “checked in” on
the inventory database.

15

www.eng.buffalo.edu/Research/tcie/fr-plant.htm
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Equipment returned from a project, which has been “checked in” on the
inventory database but not functionally checked.

C)

Equipment returned from a project, which has been “checked in” on the
inventory database and functionally checked, but is not working
properly and requires further repairs.

As a result of the broad classification of equipment in the current Quarantine Area, it is
common for the area to be overcrowded and disorganized. Equipment is frequently left
on the floor or left on workbenches, which creates an extremely cluttered workspace.
The Quarantine Area acts as two separate areas, the actual “quarantine area” and the
“damaged equipment area”.

The purpose of the Quarantine Area is to store equipment that had been returned from
project testing, and requires a functional verification. It is actually a short term holding
area for the equipment that requires decommissioning. The decommissioning can vary
from a functional check to verify that a component is working properly to dismantling an
item to salvage parts and check components. To repair the damaged equipment a
technical officer must troubleshoot the problem, verify if parts are available, or
determine the future of the equipment. However, it is evident that the current state of
the Quarantine Area must be evaluated and the purpose of the area should be defined
and enforced.

4.1.2 Storage area

The storage areas, for the Electronics department, holds equipment and parts in the
following categories:
A)

Electronics Equipment (load cells, motor controllers, etc.)

B)

Electronics Testing Equipment (oscilloscopes, multi-meters, etc.)

C)

Electronic Consumable Parts (resistors, cable, etc.)

D)

Hazardous Materials (cleaners, sealant, etc.)
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The existing storage area does not distinguish between the storage of each type of
equipment or parts. The storage area consists of the lab, two storage rooms, and
mezzanine, which provide the Electronics department with a large area enabling the
implementation of a first-rate storage system. Although, the Electronics department is
equipped with a large area for storage, an organization system that separates each
category has not been implemented.

4.2 Layout Inefficiencies

After careful analysis, the ineffectiveness of the layout of the lab became clearly
evident. To those who have become accustomed to the layout, it may seem to be very
effective. This is only because there is a tendency to easily become very content with
your surroundings, and to change what is second nature to people poses a problem.
However, many of the inefficiencies are caused by poor organization and storage, which
only requires a quick fix to solve the problems discussed in section 4.2.1 Short-term
solutions. Although there are other areas of concern that requires a longer-term
dedication to eliminate the inefficiencies discussed in section 4.2.2 Long-term solutions.

4.2.1 Short-term solutions

Short-term solutions provide a quick way to improve the layout with very little planning
or dedication. The Electronics group should address some organization problems prior
to any renovations of the actual layout. Good organizational skills and logical thinking
are required while incorporating the following principals: accessibility of supplies,
maximizing the use of space, and improving safety.
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After evaluating the layout of the Electronics department, the following problems were
identified and recommendations for improvement were offered.16

A)

Organization of Cable Spools

There are approximately 25 spools of cable that have gathered in the storage rooms of
the Electronics department. Subsequent to the scheduled Cleanup Day, the spools
were moved to the second storage room and placed under the industrial shelving. In
spite of the efforts made on the Cleanup Day, the storage of the spools is not
maximizing the use of space. They now occupy a relatively large area, approximately 5
shelves (13 ft of wide by 2ft deep).

A more efficient solution to the cable spool storage would be the Cable Reel Racks that
are illustrated in Appendix J (pp.J-1). The racks are available in a floor model and a
wall-mounting version and can be purchased, or manufactured internally. Either option
would provide the Electronics with more storage shelving and offer a more orderly
storage area.

B)

Shelving Organization

Cardboard boxes are frequently used as storage bins on the shelves in the storage
area. These boxes are not built to withstand the wear and tear of a storage room; they
buckle, tear and fall apart. There is also the possibility of a cardboard box being filled
with small, heavy items and the box may collapse when removed from a shelf. This can
result in damaged equipment or a serious injury. A quick and easy solution is to replace
these cardboard boxes with industrial bins that would eliminate the problem with
shelving organization as illustrated in Appendix J (pp.J-3).

16

Appendix J – Short-term Solutions
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Wasted Space

In the storage room adjacent to the Electronics lab there are four very large shelves that
contain four storage bins. As illustrated in Appendix J (pp.J-5), there is space wasted
while having these storage bins placed on these shelves. These bins should be
mounted to the wall, which would free the shelving space for a more practical use.

D)

Loose Cable Organization

There is a large amount of cable used within the Electronics department, which results
in the accumulation of loose cable pieces. These pieces are obviously useful to
projects at IOT but can be left unattended for long periods of time. Because projects
are generally unique or sporadic, some materials are not used for a very long time;
however, this does not mean the materials are scrap. Nevertheless, it does mean that
the storage of these types of items should be well organized.

One answer to this problem requires first determining which cable is still valuable to the
Electronics operations, and then finding a method of storing the cable. Cable ties offer
a very neat organizational option, which would manage the loose cable issue. The lab
already has various types of plastic cable ties in stock; however, the technical officers
use electric tape more often. It is possible that the implementation of the more durable
ties, as illustrated in Appendix J (pp.J-6), would aid in the organization of the loose
cable.

4.2.2 Long-term solutions

Long-term solutions to the layout inefficiencies involve much more dedication and
commitment from the Electronics group and management. It requires the physical
rearrangement of equipment and relocation of various areas; which in turn would, result
in the implementation of new processes. Proceeding with any long-term solutions
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would result in the completely restructuring the department and would be an ideal
solution.

A)

Structure of the Electronics Lab

As outlined in section 4.1 Existing Layout of Electronics Lab, there are two designated
areas in the Electronics lab with respect to the equipment flow through the lab. These
areas, Quarantine and Storage, are definitely necessary to maintain the control of
equipment in the lab; however, the implementation of additional areas would further
organize the operations within the lab. This implementation is clearly summarized in a
flowchart format, which is easy to read and comprehend.17
The following is a list of areas with detailed descriptions on how they would support a
new layout for the Electronics department.
● Inventory Storage would be designated to hold only the inventory, including
equipment and consumables.
● Reserved Equipment would store equipment that has been verified or
prepared for a specific project and has been “signed out” on the inventory
database.
● Quarantine Area would be a temporary holding area for equipment that has
been returned from a project and requires a functional check or inspection.
● Damaged Equipment would be the designated area for equipment that is not
functioning properly and requires further attention.
● Disposal would be a holding area for equipment pending approval to be
discarded.

The implementation of these designated areas in a new layout of the lab would greatly
benefit the Electronics department. It would generate a working environment similar to
that created in a manufacturing facility by focusing on the flow of operations and

17

Appendix K – Plant Layout Organization
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procedures. This is clearly identified in 4.2.2 Long Term Solutions, Part B) New Layout
Proposal.

B)

New Layout Proposal

In addition to the sort-term solutions for the Electronics department layout inefficiencies,
there are also some long-term solutions that would unquestionably enhance the entire
layout. These long-term solutions require a great deal of effort and commitment from
management and the Electronics group to facilitate these changes. These changes are
depicted in the following plant layout drawings18
● Existing Electronics Layout (DWG NO. 2004-001)
● Ideal Electronics Layout (DWG NO. 2004-002)
● “2nd Best” Electronics Layout (DWG NO. 2004-003)

5.0

DOCUMENTATION REQUIREMENTS

Documentation requirement for the Electronics department refers to establishment of an
internal system to standardize the documentation of electronics aspects of project
development. This documentation system primarily involves the documentation of
internal procedures and work instructions. In addition, the system involves the
documentation of project development and procedures. The group recognized the
benefit of documenting the details of a project and creating a paper trail of information
for future reference.

5.1 Documentation Procedures

Documentation is writing technical reports, keeping maintenance logs, sending e-mails,
filing project information, and estimating the work breakdown structure. This information

18

Appendix L – Plant Layout Drawings

27 of 34

Work Term II - Technical Report

National Research Council - IOT
Electronics Department

relates to the project research and development documentation in each facility at IOT.
The Electronics group is aiming to establish a standard system to capture the
electronics aspects of the ocean technology projects completed at the institute.

The Electronics group has discussed generating project documentation by producing
lab memos after the completion of each project. Lab memos “are reports intended
primarily for internal use to document preliminary or partial research results, proposals,
surveys, procedures, descriptions of instrumentation, computer programs, user manuals
or other substantial information of general interest”.19 An electronic template has been
created on the electronics drive as a guide for the group to follow so the documentation
conforms to an internal standard. A technical officer created this template in an attempt
to make the documentation process more efficient. This provides a great opportunity to
initiate the implementation of documentation requirement system.

5.2 Documentation Requirement Proposal

The Electronics group has not conformed to any specific approach in attacking the
documentation processes in their department where it would be beneficial to consider
any suggestions in the decision-making. It would be advantageous to temporality
continue with the current approach to control the documentation and then improve on
this system to fit the needs of the environment. The implementation of paper files with
metal bindings for the project filing system would also be helpful in controlling the file
information. In addition, the use of NRC notepads would also help in the tracking of
project information. These notepads are complete with a NRC header, where the
project number, project name, date and other valuable information can be recorded.

As a result of time constraints, the element documentation requirements was not one of
the main focal points in improving efficiency and standardizing procedures in the

19

IOT Reports – Style Guide (located on the intranet web page)
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Electronics department. This is an issue that requires more intense concentration in the
future.

6.0

RECOMMENDATION, IMPLEMENTATION, AND ACTION

Throughout the work term, recommendations were offered in an attempt to improve
efficiency and standardize procedures within the Electronics department, and some
action resulted. This section summarizes all recommendations and the current
implementation status. It also contains the details of the any future action required to
complete the desired upgrading for each topic.

6.1

Consumables Inventory

Recommendations:
1. Follow the current ordering process by using the white board in the lab to record
items that need to be ordered
2. Follow the current invoicing process by assigning the task to a technical officer
and scheduling it to be completed on a monthly basis.
3. Configure an inventory control system with the integration of the following
industry standards: inventory files, safety stock, and scheduled inventory checks.
4. Determine the best time for ordering stocked items, and assign and schedule the
task to a technical officer.
5. Continue to maintain strong relationships with suppliers.
6. Resume the development of the consumables inventory database and schedule
a completion date and an implementation date.
7. Implement proper battery disposal processes.
8. Complete the WHIMS tasks by updating the availability of MSDS, designating an
area to store the hazardous materials, establishing an appropriate location for the
WHMIS manual, and assign an individual to maintain the manual.
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Implementation Status:
The current ordering process and invoicing process concerns have been addressed by
cleaning the white board and designating a section for consumables ordering and an
individual has been tasked with the responsibility of the invoicing process, which is
scheduled as a monthly task. The status of the consumables inventory database has
been identified and a discussion of the completion of the database has occurred; a
more detailed discussion is pending. The WHMIS manual has been updated and an
effective home location for the manual would be next to the eyewash station in the lab.

Future Action:
1. Develop an inventory control system with the integration the industry standards
previously identified as outlined in section 2.2.1 Inventory control proposal.
2. Implement the electronic consumables database.
3. Implement the proper battery disposal processes.
4. Assign an individual to maintain the WHMIS manual and ensure that it is readily
available at all times. An effective location would be next to the eyewash station
in the lab.

6.2

Equipment

Recommendations:
1. The importance of the equipment control system to work as a global system
within the institute requires the commitment from the entire management team.
2. The utilization of the database, the application of the quality tagging system, and
the procedural operations must be deemed as standard policy within the lab for
the system to be efficient.
3. The changes to the Electronic Equipment Database must be categorized as a
higher priority, which would enable the continuation of the improvement to
equipment control.
4. A type of maintenance program must be implemented with the incorporation of a
maintenance log.
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5. Upon the return of equipment from a project, print a record of project equipment
to ensure that all pieces are returned.

Implementation Status:
With the implementation of a newly defined Quarantine Area and Damaged Equipment
Area, the utilization of the database and quality tagging system will be more effective.
The request for changes to the database has been submitted to the Software
Engineering Group and is pending an implementation date. Included in these changes
is the request for the incorporation of a maintenance log to begin the process of gaining
a maintenance history for the equipment. A maintenance log has been created by an
Electronics technical officer and is currently under review. This would include
temporarily storing these logs on the electronics drive until the database modifications
are addressed.

Future Action:
1. Task the Electronics Equipment Database modifications as a higher priority to
enable the continuation with the improvement of equipment control.
2. Encourage proper utilization of the database.
3. Upon the return of equipment from a project, print a record of project equipment
to ensure that all pieces are returned.

6.3

Plant Layout

Recommendations:
1. Any further changes should involve the careful consideration of plant layout,
ergonomics, and physical capacity.
2. The current state of the Quarantine Area requires a thorough evaluation and the
purpose of the area should be defined.
3. More cleanup days should be scheduled.
4. In the storage area, an organization system should by created to clearly identify
the separate storage areas and what type of equipment or parts that it contains.
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5. The short-term solutions should be considered and implemented (organization of
cable spools, shelving organization, wasted space, and loose cable
organization).
6. The long-term solutions of creating new physical areas to store the equipment
and parts should be implemented.
7. The proposal for the new layout of the designated Electronics department areas
should be considered and implemented.

Implementation Status:
The actual purpose of the Quarantine Area was evaluated and a new area was
designated for damaged equipment. This new area was implemented after the
reorganization of the storage rooms in the lab. Two cleanup days were scheduled to
discard old equipment and clear out the storage rooms to better organize the storage of
the equipment and parts. This enabled the relocation of the Quarantine Area and the
designation of the Damaged Equipment Area and the Reserved Equipment Area.20 In
addition the loose cable issue was reviewed and sorted through to discard any
unnecessary pieces.

Future Action:
1. Implement the long-term Ideal Solution.
OR
2. Modify the Ideal Solution and use some of the ideas in the changes to the
department.
3. Schedule more cleanup days, keeping in mind the separation of the equipment,
consumables, and hazardous materials.

20

Appendix M – Implementation Results
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Documentation Requirements

Recommendations:
1. The Electronics group should implement the generation of project documentation
by producing lab memos after the completion of each project.
2. Implement the use new projects files, which provide the option to bind the
information and encourage the use of the NRC notepads.
3. It would be advantageous to temporality implement a system to control the
documentation and then improve on the system to fit the needs of the
environment.

Implementation Status:
The group has begun to use the documentation format established by one of the
Electronics technical officers and further changes are expected.

Future Action:
1. A temporary system should be officially implemented to control the
documentation and then improvements on the system to fit the needs of the
environment will eventually follow.
2. The use new projects files, which provide the option to bind the information and
NRC notepads, should be implemented.

7.0

CONCLUSION

The objective of this report was to identify possible problems that limit the efficiency of
operations and procedural standards in the Electronics department. After much
consideration, recommendations were presented with respect to the consumables
inventory control, equipment, plant layout, and documentation requirements that would
result in an overall improvement to the department. This resulted in a wide range of
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recommendations that consisted of general industrial engineering techniques and very
specific, detailed strategies.

IOT is a very successful research and development facility that is internationally known
for its involvement in the applied research of Ocean Technology. This facility has been
involved with the ocean engineering industry for almost 20 years and has celebrated
many successes during this time. It must be understood that any criticism toward the
existing processes or recommendation for major changes in the Electronics department,
is made with the intent to benefit the department and the entire institute.

The outcome of the evaluation of the department resulted in some immediate changes,
the attempt to complete larger scale changes, and the opportunity to continue with
further recommendations. The recommendations supplied through this report and the
introduction to a different way of thinking will hopefully prompt the continuation of
improving efficiency and standardizing procedures in the Electronics department.
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