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5 MANUFACTURING SYSTEM ELEMENTS
5.1 What is System?

e A group of components, working together, have same goal
e |nputs: outputs

e Has regular/orderly interactions or interdependence

e Systematic, observable and measurable.

5.2 System Environment

e Exists in its “world”

e Affected by environment, i.e. elements outside the system
e Boundary —separate the system with its environment
e Boundary is defined base on system’s purpose(s)

5.3 System Diagram
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Attributes:
Interaction

ities and Events

O Activity: has a durati
State of a System:

egin-end, start-finish

apshot at any time

5.5 Endogenous and Exogenous Events and/or Activities

e Endogenous: events and/or activities occurring within a system
e Exogenous: events and/or activities in the environment that affect the system

5.6 Examples of Systems & Their Components

System Entities Attributes Activities Events State Variables
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5.7 Manufacturing as a System

5.8 Types of Manufacturing System

Banking Customers Account Balance Making Deposits Arrival, Number of busy tellers,
Departure Number of customers waiting
MRT Passengers Origin, Travelling Arrive at Station, Number of passengers waiting at
Destination Arrival at a station,
Destination Number of passengers on a train
Communication  Messages Length, Sending, Arrival at Delivered,
Destination destination Read
Inventory Warehouse Capacity Withdrawing Demand Levels of inventory,
Backlogged demands
Production Machines Speed, Stamping, Breakdown St of machines (busy, idle, or
Capacity, Drilling

Breakdown Rate

Figure 5:2 Examples of Systems and Com,

Manufacturing: Transformation of material into something i
Manufacturing System: A set of machines, transportatio
other items that are used together for manufacturing
Should be designed, operated and treated as a sy,

A complex system

The system types do overlap
Terminology, notation, basic assumption
Could be divided from five pers

1 Product Type: Discret; Continuous Process
2 Product iple-Model

3 Prod -to-stock Vs. Make-to-order
4 Faci

S. Continuous Process

Discrete Manufacturing Continuous Processing

* Produce individual
part/product that easily
distinguishable

* Example : Electronic
Manufacturers, Automotive
Manufacturers

* Operate on product that
continually flowing

* Example : Chemical
Industries, Oil Refineries

* Capital intensive and
concerned with capacity

* Concerned with scheduling,
material control and labor
assignment

Figure 5:3 Discrete versus Continuous Processes

aluable

rage, computers, and
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5.8.2 Single Model Vs. Multi Model Manufacturing

e Capability of the system in producing variety of products or parts

e Two types: —Single-model type:

e |dentical parts or products —Multi-model type:

e Batch-model: system produce different parts or products in batches therefore changeovers are
required

e Mixed-model: system produce different parts or products but no need changeover: Flexible
Manufacturing System

Identical Input Units Completed Units

0000000000 Manufacturing Systems

Gap in Production
For Changeover

o0 . . . [ ] Manufacturing Systems

Variety of Input Units

Y B | o0 Manufacturing Systems

(a) Single-model type, (b) batc

oducts variety and quantities can be adjusted in response to
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5.9.1 What Make It Flexible?
Three capabilities that a manufacturing system must have to be Flexible:

e The ability to identify and distinguish among the different part/product configurations and processes
e Quick changeover of operating instruction
e Quick changeover of physical setup

5.9.2 Key Elements of an FMS

* Automatic programmable machines
* Automated tools for:
¢+ Delivering material or parts
¢+ Changing the process or route
¢+ Setup machines
* Automated material handling:
¢ For transferring and
¢ Forloading and unloading
* Coordinated control

5.10 Make-to-Stock Vs. Make-to-Order

Make-to-Stock

* Produce according to a
periodic forecasted de,
and sell the product t
incoming custom
to buy them

Example :
esigner Jewelry, Production
eroplanes, Production of
cial type of steel, High end

instruments and vehicles etc.,
« Concerned with product
specification/configuration,
project management and
delivery date target

ake-to-Stock Vs. Make-to-Order

5.11 Product

* Design for a specific produc

* The product flow f achine to the second, from second to third and so on

* Upon completing processing at the last machine, the raw material has been converted into a finished
product

Raw Material o e o o o e Finished Good

Figure 5:6 Product Layout

5.11.1 Process Layout

* Machines have similar capabilities and perform similar functions are grouped
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* Product could follow various process routing

* Typical process is job order
* Configuration and specification of product could be varying from one to another

Raw Material

Cutting Drilling Painting | ) N
Machine A Machine / Booth Packaging Finished Good

Cutting V . Drilling / Packaging

Machine Machine

Drilling
Machine

Figure 5:7 Process Layout

5.11.2 Group Technology Layout/Cellular Manufacturing

* (Can be used to convert otherwise process layout system to yout environments

¢ Similar parts are grouped together in sufficient quantity ta
¢ Acell then laid out to produce just this set of parts
* Potentially as important a technological innovatioa

/

poos) paysiuly

Figure 5:8 U-shaped configuration
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5.11.3 Fixed Layout

5.11.4 Assembly Line

A set of sequential workstations, typically conn Is material handling to transfer
materials and parts
The materials and parts are passed down

product

The line is designed to assemble erform any related operations necessary to
produce a finished product

Upon completion of assignedta an ltkem/a’part, the work station passes it to the next work
station, obtain gessor work station and repeat the tasks

instead of in continuous streams as they are on assembly lines

A specific proc i akes place at the same time on a batch of items, and that group does
f production or inspection until the whole batch is done.

This type of produc ecessary when a manufacturer is producing similar things, but with variants.
Making in batches reduces unit costs, use of specialist machinery & skills can increase output and
productivity

Time lost switching between batches —-machinery may need to be reset, need to keep stocks of raw
materials. Cash also investment in work-in-progress

5.11.6 Buffers

Provide or release materials before its schedule
The purpose of buffer is to protect the system, meaning to ensure the system still running or operate
when there is failure on one or more of its components/resources
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¢ Buffer should be applied to constraint resources only

* Buffers are placed in front of the governing constraint, thus ensuring that the constraint is never
starved.

* Buffers are also placed behind the constraint to prevent downstream failure from blocking the
constraint's output

* Concern with buffer management —buffer quantity and buffer duration

N

Buffer Constraint Buffer
Resource

Figure 5:10 Assembly Line Buffers

5.11.7 JIT/KANBAN

* Also known as Pull System or Lean Manufacturing
* Produce only exactly what needed, when need it and in the needed q
* Producing based on customer’s order in small lot size (Idea

* Materials & parts are pulled into the production operatio
* Use KANBAN to move material/parts and produ

5.11.8 Another Perspective

Another classification of manufacturing sys
machines/equipment perspective

* Manually operated machines a upervised by a human worker

*  Fully automa ‘ 2nded periods of time with no human attention (This
classificatio puterized Integrated Manufacturing (CIM) and
Computeriz

* The representation of a system in some form other than the form of the system itself

* Modeling involves observing a system, noting the various components, then developing a
representation of the system that will allow for further study of or experimentation on the system

*  Why Model?

* Training or instruction

* To aid thought

* To aid communication

* Prediction

* Experimentation
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To aid decision making process
5.12.1 Types of Models

* Physical: an actual representation

* Schematic: a pictorial representation

* Descriptive: a verbal description

* Mathematical: components are described mathematically, in the form of equations
* Heuristics: descriptive model based on rules; algorithmic; computer based

\9
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6 MAINTENANCE PLANNING AND SCHEDULING

6.1 Eight Steps to Success in Maintenance Planning and Scheduling

Maintenance Planning and Scheduling are key elements that influence the true success of any organization.
Many times, we have a planner or planner/scheduler, but do not know how to use him or her effectively or
efficiently. When we talk about maintenance planning, we are talking about “higher wrench time”, as the
Americans call it. At this time of economic uncertainty, a higher wrench time equals lower cost, which
results in job security for all. Past studies have shown that most companies do not perform maintenance
planning effectively thus impacting negatively work effectiveness, wrench time, equipment uptime,
equipment reliability, and cost. If we were “Effective in Maintenance Planning”, it would result in Higher
Wrench Time and Higher Equipment Reliability.

In Maintenance Scheduling, once we have achieved the discipline

I Work

PM/PdM Planning Execution

6.1.1 Whered

rom an effective preventive maintenance and effective
is how it breaks out:

* Results from PM E ~15% of Work (Typically identify Functional Failures)

A Functional Failure (High or Critical Defect Severity — very little, if any time to plan and schedule proactive
work) is the inability of an item (or the equipment containing it) to meet a specified performance standard
and is usually identified by an operator

* Condition Monitoring Execution: 15% of Work
* Results from Condition Monitoring: 35% of Work (Typically, indentify Potential Failures)

A Potential Failure (Low Defect Severity- time to plan and schedule proactive work) is an identifiable
physical condition which indicates a functional failure is imminent and is usually identified by a
Maintenance Technician using condition monitoring or quantitative preventive.
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Point where
failure starts

toogour  Early Signal 1
Early Signal 2
-é- ’ ‘ Early Signal 3

a » y

=5 . - Audible Noise

c - X

]

2 ‘ . & Hot to Touch

c -

s )

g . PdM Detects

= Problems Early

w

Broken Equipment Fails Here

Cost to Repair

Time

Figure 6:2 Preventive Maintenance (PM) Vs Condition Base

Prior to the beginning of the maintenance day shift:

The maintenance planner’s day starts before the regular main
orders that came in overnight. The planner will make an est rs, number of personnel
and craft types needed for any emergency work orders that ' that day then, move those

work orders directly to the maintenance crew follo
supervisor responsible for that area of the plant. T i ode these jobs as Emergency work

any emergency work has been es he maintenance crew, the maintenance planner will
plug new work requ into his/her figle ion schedule. Some jobs may need to be worked into

s field insp 2 put on tomorrow’s maintenance schedule. Other new

i and planning later in the week. It is important for a

is jobs (other than emergency work) for field inspections on a

he planner will also set planning status for these new requests to

particular day to
“Planning” to show pla

Early Morning:

Field inspections — Next, armed with an inspection schedule, Job Inspection forms, and a camera, the
planner will begin making his/her inspection of all of the job sites. The planner has established a logical
route to minimize travel time and will make notes of the specific needs of the request, any ancillary work
that should be completed by the mechanic while at the job site, and all of the other applicable information
required for a well-planned job. The planner will make note of the complexity and predictability of the
various issues relative to the particular job in order to create a job plan most effective yet suited to the
particular job. Also, the planner will pay particular attention to job issues where significant delays were
identified in the Wrench Time study. Understanding and watching for complexity, predictability, and likely
wrench time losses will enhance the likelihood of creating a job plan that will minimize delays during
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execution and result in a high performing work force. More on these topics can be found in the 3rd edition
of “Planning and Scheduling Made Simple”, Smith and Wilson.

Immediately after completing field inspections is a good time to start ordering parts, or at least creating a
list of parts to order, depending on the time available before meeting with the supervisor, scheduler, and
maintenance coordinator. In particular, identifying the parts that will require more than 24 hours to obtain
will be important. These parts should be ordered today, and the status should be changed to “Waiting
Parts”. At this point in the process, it is not known when the job will actually be scheduled so, any parts
not on site should be ordered on the same day they are identified as a need. Parts that are available from
the storeroom should be put on reserve so that they will be available for ordering the day before the job is
scheduled for execution. The planner will also need to review the status of parts previously ordered and
update the status to “Ready to Schedule” on the work request where all part d, and storeroom
parts are all on reserve. Some organizations go ahead and have st sredfand placed in
Parts Kit boxes for each job. This process can work fine however, on
the future for execution, you can end up with a lot of Parts Kits to keep
some stuff back to the store room if jobs get cancelled for whateye ou have a firm parts

Working from the Job Inspection Form, the planner ous needs required by the jobs and
will start documenting the job plan. First and f; page which will contain the

basic information that a fully qualified mech iar witl'this type of job would need. The
Job Summary would provide reference nu iled information for the job which would follow
in the job plan. This type of job plan fo familiar with the task to quickly review the job

r skilled would have references on each item on the

job summary sheet to the specifigsecti e job'plan to access the specific information they need. This
provides maintena i
through inform

All free time th ould™be spent refining and permanently documenting job plans. As the
planner’s job pl e/she will have more and more plans that can be used on future jobs
with only minor refinements. T ill allow the planner to plan for a greater number of field maintenance
personnel. As job pla leted, the planner should update his/her backlog status to “Planning
Complete”. When all parts not available through stores have been received and the storeroom parts are
on reserve, the status should be changed to “Ready to Schedule”, assuming the job plan has been
completed. The Scheduler will initiate the delivery of storeroom parts on reserve the day before the job is
scheduled for execution.

Late Morning:
Planner meets with the maintenance supervisor, scheduler and maintenance coordinator:

Now armed with the information gathered during the field inspection route, processing parts needs and
updating the status on jobs that have received some or all of the parts ordered, the planner should meet
with the maintenance supervisor, scheduler and coordinator. The planner should bring a copy of the
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7 MANUFACTURING SYSTEMS ANALYSIS

7.1 Performance Indicators

Challenge

You are required to undertake your own research on Performance Indicators. However, you may find the
following links useful;

https://en.wikipedia.org/wiki/Performance indicator

http://blog.Insresearch.com/blog/bid/188295/28-manufacturing-metrics-that- atter-the-ones-

we-rely-on

http://isoconsultantpune.com/lean-enterprise/

https://www.solufy.com/blog

7.2 Lean

Many companies today are becoming lean enterprises by rep dated mass-production
systems with lean systems to improve quality, elimi 3 delays and total costs. A lean
system emphasizes the prevention of waste: any e i material spent producing a product

or service that doesn’t add value to it.

A lean system’s unique tools, techniques, help an organization reduce costs, achieve just-

in-time delivery, and shorten lead times. A | i sters a company culture in which all
employees continually improve thei roduction processes. Because lean systems are
customer focused and driven, a | ucts and services are created and delivered in the

of a wide variety of products or services, efficient and rapid
efficient response to fluctuating demand, and increased quality.

inventory. A le
changeover am

The Philosophy:

Consider the following agram. Two circles, one inside of the other. The large circle represents the
Value Stream (all of the activity and information streams that exist between the raw material supplier and
the possession of the customer). The smaller circle represents Waste (Cost without Benefit)

BEFORE AFTER

VALUE

STREAM ‘ VALUE

v
v ’
ey e L

<SSR
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x

N
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WASTE
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