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INTRODUCTION

Adopting a Focused Factory is a powerful
gpproach for today’s manufacturing enterprise. This
paper introduces the basic concepts of Focused
Factories incuding: Cdlula  Manufacturing
Kanban scheduling and visud factory techniquesin a
case study format.

We will examine how a sruggling smdl manufecturer
with limited resources, revitdized its busness by
implementing the techniques discussed during this
presentation.

A focused factory can provide many benefits
including; reduced inventories and cycle times,
improved qudity and operationd efficiencies, better
cash flow, greater customer satisfaction / loyaty and
ahappier more productive work force.

THE COMPANY

Electronic Hardware Corporation (EHC)
is a snal manufacturer of vaue added plagtic
components congisting primarily of control knobs for
the aerospace, indudtrid and consumer markets.
Like many companies located on Long Idand, EHC
has struggled to survive defense cutbacks and the
lingering recesson effecting the New Y ork area.

EHC is a mature, thirty-four year old privady
owned company employing approximatdy ninety
people in a union environment. EHC utilizes its
twenty thousand square foot facility to produce
goproximately sx million dollas in sdes  The
company was founded in 1962 as a supplier to the
burgeoning defense industry and continued to grow
and prosper until the mid 1980's.

As defense spending decreased so did profits. By
the early 1990's the company had down-sized and
began to sruggle for surviva.

Cash flow was poor; accounts payable were
gretched beyond one-hundred days—suppliers
were beginning to cut off raw materids and the
company had maxed out its credit. Electronic
Hardware needed to improve cash+flow and fast!
The company had to make radicad changes to the
way products were manufactured and inventory was
handled.

The following is the actud dep-by-step process
which began in 1993 and is credited for turning the
company around.

THE CELL PROJECT TEAM

One—Assamble the team. The team
should conss of those individuds who will be
ultimately respongble for the implementation of the
project. Functions represented should include Top
Management, Manufacturing, Enginesring, Qudlity
and Materiad Management / Production Control and
Sdes/ Customer Service. A group congsting of five
to eight people is usudly gppropriate to achieve the
proper group dynamics (sub-teams can be formed
as necessary to tackle specific tasks). In this case
the primary team conssted of seven people
Presdent, Director of Manufacturing, Engineering
Manager, Qudity Manager, Two Manufacturing
Managers and the Production Control Manager.

Developing a Focused Factory environment will
require a firm commitment from upper management
and everyone on the project teams. It isaradica re-
thinking of how the company conducts business and
the teams will encounter many obstacles including;
resstance to change, the re-alocation of resources,
language / communication bariers, re-traning and
cross training of employees, supervisors and (most
importantly) managers.  Exiding paradigms will be
dispdled as individuds (and teams) learn to “think
outside the box”.



In this case trangtion to Cdlular Manufacturing was
the top priority—it had to be. The team believed that
the Cdl approach would dramdicdly improve
efficiency and lower manufacturing cogts.

The primary team met weekly after-hours for three
hour “skull” (brainstorming) sessons. Additiondly,
the team held monthly status meetings on Saturdays.
None of the team members had any prior experience
implementing cdlular manufacturing or Kanban, so
sf-education became the first order of business.
The team dlocated the firg thirty minutes of each
meeting to sdf-training. This included a group study
of video tapes, books and articles that were
available on the subject and periodic mentoring from
aloca consultant.

Secondary teams were commissioned as needed to
work on special projects such as the factory layout,
flowcard design, training, and Kanban.

The organization had little or no budget to finance
this undertaking, so the cdll team had to be very
cregtive. Improvising became a necessary way of life
in order to provide the resources necessary to
proceed. Existing machines and tooling were cleverly
reconfigured to operate in the cdlls.

SALES / PRODUCT ANALYSIS

Two—Sales analysis. The key step for any
company conddering Cdlular Manufecturing is
peforming a sdes / product andyss. Since many
companies produce diverse product lines it is
necessary to determine which products will produce
the greatest economic benefit if converted to cdlular
manufacturing.  Typicdly these are products which
are produced in a repetitive or continuous flow
fashion.

The andyds is used to deermine which
manufacturing processes the products have in
common. Products are sorted into “family groups’
by common chaacteritics such as the
Manufacturing Routings and Bills Of Materids. This
step can be fairly essy if the company uses intdligent

part numbers or assgns manufacturing categories to
part numbers.

Once Product Family Groups have been identified
the pareto technique can be used to target the
product families which will provide the “biggest bang
for the buck”, that is, the products which run at the
highes volume, have the most processes and
components in common, and generaly seem to be
good candidates (sufficient volume) for cdl
manufacturing.

The andyss of EHC products (see Figurel)
reveded dgnificant links between many products
which were consdered otherwise discrete. The sdes
andysis reveded that sixty percent (saes vaue) of
the products produced had very smilar attributes. A
common denominator between these products
(knobs) was they used a smilar component (a
bushing) and bascaly followed many of the same
manufacturing steps.

Therefore dl knobs with bushings were now
congdered to be pat of the same family—the
bushing family. Because of high volume in both sdles
and units produced, the team agreed to pursue the
Bushing Product Family for thefirst cell project snce
it offered the grestest economical benefit.

Figure 1. Electronic Hardware
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CELL DESIGN

The bushing family group shared many of the
same processes and therefore used similar types of
equipment.  Even though products in the family
group were comparable, they were not identical, so
additional processes and equipment needed to be
consdered for the cdls. The most desrable
goproach to cdlular manufacturing is to build the
entire product—gtart to finish—in the same cdll. This
is caled aProduct Cell. (Thiswas the approach we
would take). If the entire product cannot be built in
one cdl, the approach should be to assemble a
series of cdls each building a logicd sub-assembly
and feeding a next-higher-assembly cdl. This is
cdled aProcess Cell.

Three—Determine  what equipment
(common and unique) will be necessary to
accommodate the product family. To accomplish
this a process matrix is developed (see Figure 2)
The matrix is used to match each process to the
equipment required to perform the process. By using
the matrix, common and unique equipment can be
identified for each product to be runin the cell

Figure 2.
Cell Design Worksheet
CellType |A [B [C |D |E |l Il

Class |Class |Class|Class [Class
67 8
27 11
58 12 29 Engrave

10 (10 |69 [60 |06 [mach [Dials
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Hot Stmp

Equipment
Required

Photometer

Sect Screws [x X X X

Hand Paint /|x X X X X
Glue

Part Mark X

Hot Stamp X X X

Silk Screen

Saw X

X | X | X | X

Router X

Tumble X

Pack X X X X X X

Machine X X
Degate

Arbor Press [x X X X X

Ultrasonic X

Insertion

Heat X

Insertion

Drill / Tap X X X

Ream X X X

Wash X X X

Dry X X X

Spray Paint |x X X X X X
Pad Print X

Engrave X X

Next we determine how many cdlls will be required
(or can be built with the exiding equipment) to
manufacture the entire family group. To do this two
things were needed; 1. The projected capacity of a
cdl, and 2. Aninventory of the existing equipment.

Four—Capacity Analysis. At EHC a
detailed time study of each process used by the
bushing family group was performed. In this case
between 6 and 10 operations were required to
manufecture a knob. Since a cdl is intended to
function as a continuous flow process, the dowest
operation (congraint) will determine the throughput
of the cdl (the troop cannot march faster than the
dowest soldier!) Once the dowest process is
determined it is essy to estimate the capacity (rough
cut) of a cdl. With the gpproximate capacity
established, the number of cels required and their
configurations can be determined.

Toimprovethe capacity of a cell
begin by increasing throughput at the
constraining process.

&

|

Five—Equipment Inventory. Once the
equipment has been identified an inventory must be
taken to determine which assets are available for the
cdl(s). EHC had no formd asset inventory, so the
company took this opportunity to photograph each
piece of equipment and affix a numbered inventory
tag to it. A specification sheet was completed for
each item inventoried to identify attributes such as



physica Sze, power, water, and ar requirements, as
well as the generd condition of the equipment. The
photograph was attached to the specification sheet
and filed in a three-ring binder. This information
proved to be indispensable during the cdll design and
layout stages. If equipment needs to be purchased,
(and some may) this is a good time to prepare the
budget or become crestive.

In this case we caculated that seven cells would be
required to meet the demand for the bushing
product. Each cdl would be daffed with two
operators. All seven cells were designed to carry out
dl the manufacturing steps necessary to build a
complete product. In this case, from a molded
plagtic shell to a completed knob which is packed
and ready for immediate shipment to the customer.

CELL IMPLEMENTATION

ACTIVITY.
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Six—Project Management. A project of
this magnitude requires conscientious project
management. This was accomplished a EHC by
defining the critica action steps (milestones), planned
completion dates, and the individuas who would be
respongble. All this information was entered on a
gantt chart which was reviewed a the weekly cell
mestings. (see Figure 3)

Figure 3. Re-layout of manufacturing
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Seven—The Prototype. At EHC a
Prototype cell was designed and assembled for use
as a“test bed” to prove out the cell concept and to
expose any potentia problems which could not be
anticipated. The cdl was aranged in a “C’
configuration which would support two operators,
one working from the insde and another working on
the outside. The throughput and the qudity of the
knobs produced on the prototype cell exceeded the
expectations of the cdl team and met with high
marks by the cell operators and the customer.

The “C’ configuration is used to minimize the
distance traveled between operations and eiminate
the “waste’ of unnecessary movement.

Once the prototype cell was in operation the team
was able to obtain valuable feed back from the
operators. Cell operators offered numerous
suggestions for improving the process and the
ergonomic factors affecting cdl performance. Many
of these suggestions were incorporated into the
desgn of the remaining Sx cdls



Figure 4. “C” cell at EHC
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Eight—Plant Layout. To accommodate
the cdls, much of the facility had to be rearranged.
At EHC we constructed a mock layout and entered
it into Auto Cad. Using the software we were able
to move entire departments around to come up with
the best layout. The actua physicd moves were
conducted after hours and on weekends so
production would not be disrupted. (see Figure 5)

Nine—Set-Up Time Reductions.
Reduction of set-up time is a crucid dement of cell
planning. As the cells came on line the team redlized
that changes to the existing tooling fixtures and molds
were necessary to achieve rapid tool changes. Fast
tool changes were important because our intention
was to make the cdls flexible and replace large
batch production with smal lot production driven by
Kanban. The initid Set-Up time was nearly one
hour and has been continuoudy reduced to
goproximatdy twelve minutes.

Ten—Quality. Modified Statistical Process
Control (SPC) techniques were designed into the
cdls. Each cdl was supplied a kit containing dl of
the necessary qudity tools such as Calipers, Go /
No-Go gauges, Thread gages and Depth gages.
Operators were trained how to use these tools and
most importantly, they were empower ed to STOP
PRODUCTION if a process went out of control.
This was difficult a fird, because the previous
philosophy was NEVER STOP PRODUCTION!

Bonus System - A data base was developed to
record actual operationa performance and used to
set reasonable expectancies (R.E.) for production at
each cdll. It was decided that a bonus system would
be used to reward the operators for meeting or
beeting the R.E. To achieve the bonus, the operators
must work as a team and BALANCE THE LINE
completing as many parts as possble. The bonus
sysem at EHC has been successful and operators
have earned an average of Sx percent over ther
base pay.

KANBAN

Eleven—Kanban. Kanban is a Japanese
word which literadly means card. In the Toyota
production system this “Card” is used to initiate the
“PULL SYSTEM” for manufacturing scheduling.
Kanban / Pull Systems are used as a scheduling
technique and to diminate the “waste’ of over-
production. At EHC we implemented a Kanban
sysem using color-coded bins instead of a cards.
The sysgem is used to supply the cdls with
component parts as needed to manufacture knobs.
These component parts include, molded plagtic
shdlls produced in house, as well as parts purchased
from suppliers.

How the system works—EHC uses a three bin
Kanban system; Two bins are located at the point of
use and one bin is located a the supplier (interna or
externd). The Kanban sysem uses ydlow hins
which have sample parts atached to them for fast

part recognition by the operators.

Internally supplied parts—As soon as a bin is
emptied (each bin contains enough parts for one
shift) it is returned to the internd supplier and a
reserve bin is taken and returned to the point of use.
The empty bin sgnds the supplier to make new
parts and once the bin has been filled the supplier
sops production of this item (no waste). The
supplier has twenty-four hours to complete the



transaction. The second bin at the point of e is
extra—it is kept as emergency buffer sock—in case
of machine breakdown.

, Externally supplied
\/ parts—All primary suppliers
were brought on board

— before the progran was

sarted and agreed to support the JT / Kanban
system. When a bin containing a purchased part is
emptied, it is brought to the Receiving Department.
Next, the operator faxes a Kanban request form to
the supplier. The supplier immediaey ships
replacement parts to EHC using a next day delivery
sarvice. Once the replacement parts arrive, they are
placed into the empty bin and returned to the point
of use. The operator who ordered the parts will now
ingpect them and put them into the Kanban system.
Note: The operator performs both the purchasing
and incoming ingoection functions for this
transaction.

VISUAL FACTORY

Twelve—The Visual Factory. At EHC the
ssven new cdls now manufacture products
accounting for approximately sixty percent (60%) of
the totd dallars shipped. Because of the financid
impact, downtime and missed schedules can create
very serious problem.

At the start of the program
measuring cdl  downtime
and throughput was difficult
because of the lack of
gydems  ad timely
information. Because the
computer sysem a EHC
was “ State of The Ark” (not “State of the Art”)
technology, it took a minimum of twenty-four hours
to get feedback on cedl performance. If problems
occurred (and they often did) information was
received too late to take corrective action.

RESOLUTION

Warning Lights—A red warning light was mounted
above each cdl to be used to indicate that the cdll
was experiencing a qudity problem, production
problem or delay (including repairs or machine set-
ups). The cel operators were empowered to stop
production if the process generated defects. The
warning light provides ingant feedback to the
menufecturing and quaity managers who take
immediate action to resolve any problems.

Schedule Boards—To provide “red time’
information on the throughput performance of each
cdl, inexpensve Dry-Erase boards were mounted
on the cdls. These boards are used to display the
hourly performance of each cell. Schedules are st
based on the Reasonable Expectancy (R.E.)
edablished for the particular product running. The
schedule is cumulative over the entire eight hour shift
and the operators enter their actua production for
each two-hour time segment. If acell ison or ahead
of schedule, the operators enter the production
number usng a GREEN marker. If the schedule is
not achieved the operator uses a RED marker.

All cdlls and schedule boards face the same direction
50 factory managers and floor supervisors can obtain
a“datus a a glance’ and offer hep if needed. The
schedule boards worked so well in the cdlls that this
concept was extended to many of the other non-cdl
operations. The results have been excdlent - the
operators know what is expected of them and
management knows what is happening.

Colored Bins - Prior to the cdll project, various Sze
and color bins were used to contain the WIP. This
was very confusng and unproductive. Work in
Process (especidly rework) was lost for weeks at a
time! The team indituted a new sysem which; @
sandardized the sze of the bins used and b)
established a color code for the bins. A three color
sysem was adopted: Yelow / Blue / Red.
YELLOW bins are designated for KANBAN use



only. BLUE bins are used only for standard parts
not on the KANBAN. RED hins are designated for
REWORK or CUSTOMER RETURNS only. Ata
glance the mix of work on the EHC factory floor can
now be assessed and rework can no longer hide!

TRAINING

Thirteen (a bakers dozen) —Training.
Training should begin a the gart of the project and
never sop! Within sx months al seven cdls at EHC
had been placed into operation. Training became a
maor focus for the cell team. Operators who
previoudy had only one smple tak (such as
working a Drill Press) were now respongble for
severd operdions (such as Drilling + Teping +
Reaming + SPC). To complicate matters, most of
the operators spoke little or no English.

An English as a Second Language (ESL) training
program was indituted—and continues today. The
operators were educated on JT, Kanban and
Statistical Process Contral. A limited SPC system
was put into place and the operators were furnished
with cdlipers, depth gauges, and an assortment of go
/ no-go gauges. All cell operators were trained how
to use these ingtruments.

SUMMARY

The implementation of Cdlular
Manufacturing, Kanban and the dmple Visud
Factory techniques has had an astonishing impact on
the Electronic Hardware Corporation. Here are
some of the measurable benefits accrued to EHC
gnce 1994, thefirs year of implementation:

reduced

P Work-In-Process was
percent.

P On-Time ddivery improved from 55% to 95%.

P Manufacturing Cycle Time was reduced from
five weeks to less than one week.

fifty-five

P Qudity (based on customer returns) was
reduced from 4% to 1.5%.

P Production efficiency was improved from thirty-
nine to more than Sxty pieces per manufacturing
hour.

Sdesincreased by thirty-six (36%) percent.

P The morde and attitude of the operators
increased.

The most important benefit was the postive cash
flow which was reinvested and used to pay down
creditors. In 1994 EHC showed a profit for the first
time since 1987, and in 1995 EHC had its best year
ever - snce being founded 1n 1962!

In 1996 EHC is continuing to make improvements.
Smdl molding machines are being tested in cells and
may eventudly diminae the inventory of dl plagic
components—including Kanban! EHC's financid
performance for 1995 was fabuloust EHC ended
the year having achieved the largest profit in the
companies thirty-four year history. And thanks to the
Gangharing program which was implemented in
January 1995, the employees are now sharing in the
success that they have created.

In 1998 and beyond - EHC is continuing to
reengineer dl of its processes. Currently we are
implementing Focused Factory techniques which
will greamline overhead functions while providing
better customer service,
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