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Assembling PBX power distribution systems was the
first application ofjust-in-time (TIT) andtotal quality con­
trol (TQC) principles atAT&T's Denver works. Integrat­
ingthe power shopmanufacturing process with succeed­
ingoperations-the Carrier and Cabinet Shops-was
achieved byconsolidating the three shops into a single
equipment assembly shop. Work in process (WIP) was
controlled with kanban cardsthat pulled inventory from
the feeder shops, and production disruptions were sys­
tematically eliminated. Critical to the success ofthe pro­
jectwere coordinating good production line design,
implementing kanbans for WIP andinventory control,
and applying TQC byan interdisciplinary team ofshop
and engineering personnel. These changes required
small investments ofcapital, personnel, and equipment.
The success oflIT/TQC in the equipment shopwas evi­
denced in higherquality, fewer manufacturing disrup­
tions, reduced floor space needs, greaterproduction
capacity, a higher product velocity, and a more uniform
production interval. The consolidated equipment shop
proved ]IT/TQC's feasibility as a competitive strategy for
manufacturing, andwas applied to othershops at the
Denver Works andat otherAT&T locations.
Introduction

As part of Phase Twoof the DenverWorks improvement cycle,
a team ofDenverWorks and R&D personnel developed and imple­
mented the first lIT/TQC manufacturing practices in the PowerShop.
The PowerShop,where powerdistribution panels and coolingfan
assemblies for Definity" PBX products are made,was selected as a
pilotbecause of the relative simplicity of the operation, and because it
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Panel 1. Terms and Acronyms in This Paper

wasthe first assembly step. Similar methods were also
introduced into the later assembly operations: the Car­
rier and CabinetShops. The three shops were integrated
into a singleEquipment Shopwhere complete assembly
wascoordinated withcircuitpackproduction, in a build­
to-customer demandenvironment.

This paper discusses the methods introduced
and installed in 1986 and 1987 to set up aJIT/TQC system,
and focuses on the operational, cultural, and physical
changes that took place, including:
- Establishing appropriate productflow and production

modelsfor the ]IT system
- Defining a newmanufacturing layout, usingkanban

cards to aid in WIP control
- Encouraging changes in attitudeand culture through

an education programcoordinated with introducing
JIT/TQC

- Introducing TQC based on applied statistical process
control (SQc).

Case studies showthe structure, composition, and use of
TQC teams to definequality goals and eliminate manufac­
turing defects.
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JIT Pilot Programs
A pilot projectwasundertaken in early1986 to

develop andvalidate a mixed-model JIT process for Sys­
tem 75. Four equipment modules were selectedfor the
assembly and test pilot: the powersupply, two powerdis­
tribution panels, and the fan cooling assembly.

Overview of the Power Shop. The Power Shopwas
selectedas for pilotapplication of]IT/TQC. Before the line
wasconverted to JIT, batch production met the demand
for Definity PBX products. The manufacturing interval
wastwo8-hour shiftswitheight production associates
per shift, the WIP washigh, and the shopwasoften out of
workor working overtime to keep the succeeding opera­
tions supplied. The goalwas to reduce the manufacturing
interval and keep the downstream operations adequately
supplied. The PowerShopwasa chance to prove that JIT
manufacturing couldimprove operations. Converting the
line to JIT reduced the interval to under three hours with
onlysix production associates; production capacity was
increased, floor spacewas reduced by 30percent,and
the quality level improved nearly10times.

The PowerShopprovided twopowerdistribu­
tion systems,each composed offourdifferent modules,
for a totalofeight different modules for the various
Definity systemmodels. Each module wasassembled in
batches as large 100 units and then stockedseparately
untilneeded for production. In addition, somesubassem­
blieswere manufactured off-line and brought into the
mainassembly lineas needed.To improve operations
and introduce JIT, the assembly process for alleight
modules had to be re-engineered.

JIT principles callfor small batches and ease of
switching amongproducts. In the Power Shop, the prem­
ises were to producematched sets-a set offour mod­
ules for each typeofDefinity system-and to be able to
switch easily and frequently betweeneach type, e.g. small
and large system sets. The principal technical issue was
linebalancing, i.e., assigning tasks to individual produc­
tionassociatesconsistentwiththe assembly sequence.
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Proper line balance gives each production associate
nearly equal amounts ofwork. The line is run at a speci­
fied rate and balance is maintained as the product is
changedbetweensmalland large powersystems.

Q+, a line-balancing computerprogram
developed by the AT&T Bell Laboratories' Performance
Analysis Department, wasthe toolused for line balance.
Q+'s animation capability showedproduct flow and
helpedexplain the proposedJIT operation to managers
and production associatesbefore the newlinewasbuilt.

Making changeoverswithoutinterruptingpro­
duct flow means the parts available to each production
associate are changed sequentially, independently, and
quickly, withchanges in production betweensmall and
large powersystems.This requires planning and organi­
zation ofparts presentation, and kitting, to be successful.
The parts needed for the small and large powersystems
are arranged in kits, and are placed in smallbins back­
to-back on a wheeledcart. All parts for one typeofpower
system are stored on one side of the parts cart; parts for
the other system are stored on the other side of the cart.
Turning the cart around enables the production associ­
ate to change quickly from small to large system,and
back again. The parts kits, for sets offour ofeach type,
are assembledin the stagingarea by a material handler
whoalsomoves the kits to and fromthe workstations.
The material handler also turns the carts around at the
right momentas the changeoverpointpasses each pro­
duction associate.

It is often necessary to reconfigure the line to
compensate for changes in design, available personnel,
and production demands. To make these changes in real
time,a computer program uses the Q+ linebalance to
generate parts lists for the kits, and a newset ofmanu­
facturing sequence instructions foreach workstation.
These tools support routineline reconfiguration in less
than 30minutesfor different production rates, including
generating a newlinebalance, kit lists,and layouts.

Coordinating parts fromthe storeroomand the

feeder shop is important to successful JIToperation. Kan­
bans, or visual signals, are used to control parts delivery
to the PowerShopstagingarea.To organize the staging
area forJIT, it waslaid out supermarketstyle, with each
part delivered and placed in its own bin.To minimize the
number ofparts kept in each bin, and to avoid shortages,
a chart near each bin was used to plotthe parts remain­
ing in a bin after each withdrawal. Using the chart, the
correct bufferstock sizewasquickly determined, along
withhigh or low fluctuations, and the buffer level could
be adjusted as needed.The causes ofthe peaksand dips
in inventory were alsonoted on the chart, and provided a
powerful aid for quality improvement efforts. The Power
Shopused kanbans to impose a visible, disciplined pro­
duct usage pattern on its feeder shop (the Cable Shop)
and the storeroom. The kanbansalsohelpedthe Cable
Shopintroduce JIT to its operation shortlyafter the
PowerShoppilot project.

The production system's designplacesgreater
demands on the production associates to be flexible and
knowledgeable aboutmore ofthe product. Individual
production associatesmust assemble different parts with
different lineconfigurations and product types. But the
additional variety is well within the abilities of the pro­
duction associates, and enriches their jobs.Employees
are more productive because ofbetter organization, dis­
cipline, teamwork, and enhanced social climate.

Power Shop Configuration. Successful implemention
ofJIT requires goodcommunication amongproduction,
engineering, and managementpersonnel. The layout of
the PowerShopJIT manufacturing linesupported this
requirement. To aid communications, the production line
is laidout in a U-shape. Parts carts are outsidethe Ufor
easyaccess by the material handler. Production associ­
ates workinsidethe U,and can move easily from station
to stationto help each other and discuss problems. Each
workstation is connectedto a rollerconveyor that serves
as a buffer betweeneach workstation. The buffer is large
enough for one complete powersystem.
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The bufferserves two purposes:
- To buffer the residualvariation in the line balance

caused by individual differences.
- To provide visualfeedback on where problems are

occurring.
Problems are observed as full or empty buffersbetween
workstations: a full workstationsignals a downstream
blockage,whilean empty bufferhighlights a problemat
a prior workstation.

Productioncontrol in the Power Shop is regu­
lated by a kanban system using carts to connect it to the
CabinetShop.Carts, with room for four sets ofeither
smallor large-cabinet powersystems, are pulledby the
CabinetShopfor final assembly. WIPis controlledby the
number ofcarts available for each type ofcompleted
powersystem. Carts are pulledas required by Cabinet
Shop productionneeds. An empty cart is returned to the
PowerShopfor each full cart taken. An empty cart, for
either small- or large-cabinet, is considered a production
order from the CabinetShop to the Power Shop.The
material handlernoteswhatwill be needed in the Cabinet
Shop, and sets up the nextparts kit at the right timeto
makethe next model.

After the lIT methodsweresuccessfully demon­
strated in the PowerShop, theywere adapted first to the
final-assembly area, the Cabinet Shop, then to the Car­
rier Shop, where the holdersforcircuitpacks, associated
connectors, and back-plane wiring are assembled.

Production Control Among Shops
Production coordination amongthe Power,

Carrier, and Cabinet shops,and the final systemtest, is
aided by a production sequencecomputed forweekly
Definity systemorders.This places a nearly uniform load
on allshops simultaneously, from hour to hour, through­
out the week, as each shop executesthe sequence. This
computation is carriedout by the final assembly
sequencer (FAS).

FAS coordinates the production schedulesofthe
shops,providing the basisfor integration intoa single
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shop. It waslaterapplied to control production schedules
in Denver's Definity systemCircuit PackShop.

Single Versus Multiproduct Kanban Systems. The lIT
systemforDefinity systemequipment differs from the
classic kanbansystemin that only one inventory buffer
wasset up foreach shop,insteadofone foreach pro­
duct. The inventory ofcarriers, forexample, is a collec­
tionofcarriersofthe type, quantity, and sequence
neededfor the nextfew hours bythe cabinetassembly
shop: i.e., a mixed modelbuffer. Bycontrast, the Cable
Shopkanban (aclassic kanban) contains one inventory
binforeach cabletype; each is replenished indepen­
dentlyas its reorder quantity is reached.

This important distinction between single- and
multiproduct kanbansystemsinfluences the amount of
inventory needed. The single-product kanban is easierto
operate, but requiresmore inventory. The multiproduct,
synchronized kanbansystemhas less inventory, but pro­
duction sequenceinformation mustbe conveyed to all
shops,and the discipline to follow the agreedrate must
exist. In a multiproduct kanbansystem, the nextitemto
be startedwhena pullsignal is received doesnot replen­
ish the last itempulled-as in the conventional system­
but the next itemon the sequencelist.

Equipment Integration In The Shop. AslIT/TQC was
developed in the three shops,the goalwasto integrate
the shops intoa consolidated progressive assembly shop
withimproved productivity andquality. Through experi­
ences in the pilot shops,the operation ofan integrated
shopwith a lotsizeofone wasplanned. The purpose was
to consolidate responsibility for the entireequipment
assembly in a singlearea,enabling the personnel to par­
ticipate in the complete assembly rather than the carrier
or powerunitsubassembly only. Advantages included
reducedfloor space, reducedinventory, less critical coor­
dination ofproduction schedules, and improved quality.

The pilot assembly linesweremerged inthe
integrated shopso allconsecutive processeswere
aligned, separated by the minimum transferlot sizeas
determined by the laborbalance models for the pro-



gressive assembly. Mer installing the line, this shopran
with less than two daysofscheduled WIP, an 18percent
improvement in productivity and improved quality.

Introduction of TQC
Quality control wasrecognized as the keyto

implementing JIT in a factory environment. Asthe JITpro­
grams reducedinventory through reduced lotsizeand
tightened product flow constraints, anyproblem ina part
or processseverely restricted the shop's productivity.
With JIT there wasno surplusinventory to assemble new
itemsor anyway to cast the defective itemsasidefor
later rework efforts. Also, there wereno alternate rout­
ingsor processfacilities to handlethe problem in other
areas. The best solution forJIT is to stopthe assembly
line and correctthe problem. Defects, therefore, could
notbuild up,and problem prevention becamea way to
maintain productivity.

TQC in the Power Shop. The Power Shopwasthe
firstshop in the Denver Worksto adopta policy to stop
the production lineforquality problems. This wasa sig­
nificant commitment to quality, because anyproblem
that shut down the Power Shopformore than one hour
causedthe entire Definity systemline to stop. The Power
Shopprogram taughtmanagement, engineering, and the
shopthat stopping the lineto correctthe problem was
the properprocedure. Formerly, the approach wasto by­
passthe established product flow and inventory pro­
cedures, and increase production to overcome a defect
rate.Stopping the linewasa newconcept and the edu­
cation program (discussed later) helped clarify the
rationale for stoppingproduction to correct manufactur­
ing problems. The TQC approach is to resolve alldefects
when they occur -or better, before they occur-to main­
tain productivity.

WithTQC, the production associatesare respon­
sible for quality controland inspection, and each associ­
ate inspects the work of the one preceding. When a prob­
lem is discovered, the production associatestops work­
ing, and discusses the problemwiththe person

concerned. If the problem can be resolved, corrective
action is taken. If the problem cannot be corrected, the
shop supervisorand engineeringare notified. Because
the shop is U-shaped, communication and corrective
action are easily achieved.

Notallquality problemscan be solved immedi­
ately, and allproblemsdo not compromise quality, e.g.
process improvements. To help take corrective action,
severalsimple techniques were employed: fishbone
charts, suggestionboards, and weekly quality meetings.
The fishbone chart is used to find a problem's root
causes. Each leg of the fishbone is assigneda probable
cause of the problem, and solutions associated with each
cause are listedalongeach leg. Personnel involved with
the shop problem-e.g., production associates, supervi­
sors, and engineers-are free to discuss the causes and
to contribute to the resolutions of the problem. In addi­
tion, suggestionboards are placed in severallocations
around the shop so all personnel canwrite their ideasfor
improvements. The suggestions and production problems
are reviewed during weekly TQC meetingswhere the
feasibility, benefits,and solution to each issue are dis­
cussed. Useful ideas are submitted to the plantsugges­
tion system for action, and corrective action is begun.

Becauseone goal ofexcellent manufacturing is
minimizing process variability, data were collected on the
durationand causes ofallproduction disruptions. To sup­
port this activity, a personalcomputer (pc) controlled
workstation monitoring system (SMS) wasdeveloped to
record workstation activity. As a disruption occurred, the
production assistant would enter a code corresponding
to the type ofdisruption encountered (e.g., part shor­
tage, defective part, or no work). SMS timestamped the
code and lit a signallamp above the workstation to
inform shop personnelof the station's status, and to start
corrective action ifnecessary. BecauseSMSprovided visi­
ble status for allworkstations in the shop, immediate
help couldbe givenwherever it was needed.The infor­
mation obtainedfromthe SMSwas used to direct the
team's problemsolving activities.
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The TQC Team Concept. The Western ElectricQual­
ityControlHandbook) defines a qualitycontrol team as
havingthree members: a product engineer, shop super­
visor, and quality control engineer. In Denver,the team
was augmented with process engineering, qualityreview,
shop maintenance, and the lead productionassociate.
The new team has a detailed understanding of the pro­
cess that is the basis for eliminating qualityproblems.

The TQC team's goal is to promote continuous
quality improvement, as measured by lower in-process
defect rates, less on-line inspection, fewer disruptions,
and reduced scrap.The team's responsibilities are to:
- Review howthe shop meets its quality goals
- Review control charts related to each process area
- Establish prioritiesfor problems to be solved
- Analyze problemsfrom data collectedon the line
- Assignaction items for resolution
- Plan newstudies as needed
- Summarize progress
- Verify correctiveaction.

The TQC team follows a structured, disciplined
approach to problemsolving, thereby allowing a group
familiar with the process to identify and resolveprocess
and product problems.Team leadership is assigned to
the shop supervisor because, of all team members, he or
she is most closelyresponsible for the total product,
including meeting quality and scheduling requirements.
The supervisor "owns" all shop qualityissues, assigns
actionitems, and refers to management problemsthat
cannot be resolved by the team.The methodology for
improvement, shown in Figure 1, is adapted from the
scheme used by Hewlett-Packard.' It shows the feed­
back and monitoringmechanisms that must be in place
for continualimprovementto occur.The DenverTQC
team uses this model to close the loop on process
improvement.

TQC Team Procedures for Problem Resolution
To help define and solvemanufacturing prob­

lems, there must be a clear understanding of duties and
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function of each member of the TQC team.The shop
supervisor must lead the TQC meeting and identify the
team members responsiblefor problemresolution. The
supervisor reaches agreement with the designated
member on howthe problemshould be described, and
helps set a reasonable date for delivering a report on the
actionitem.All team members can participate in problem
discussionand resolution, but technical issues generally
are handled by the product or process engineers.
Maintenancerepresentatives usually handle equipment
problems,with help from the shop representative. It is
important that team members recognizethe shop super­
visors' leadership position and workconstructively to
solveproduction problems.

The following case studies from the Denver
PowerShop team illustratehowTQC teams work. Asum­
mary of the elements needed to successfully resolve
problems,and some reasons for failures, are presented
after the case studies.

Case Study: Power Shop Disruption Data Collection. The
interval reduction in the powershop, though dramatic, at
first stillwas less than expected.The TQC team tried to
find the causes for the overly long interval. Defectand
measurement data help usually identify the sources of
problems,but the PowerShophad few defects and no
measurement data. Its primaryproblemswere all linked
to product flow disruptionson the line.

Thus, the team's task was to establish a method
to collectdisruptiondata, Le., the collecteddata that
described disruptionsas they occurred on the line.They
analyzed the data, definedfive potential causes ofdisrup­
tion,and used them to classify all subsequent observed
disruptionsto product flow. The classifications are:
- Defective parts: parts suppliedby the storeroom or from

another shop are defective in form, fit, or function.
- Kanban congestion: work cannot move because the

output kanban space is full, or the worker is idle
because the supplykanban is empty (i.e., there is no
work for the workstation).

- Workmanship: work is delayedbecause ofupstream
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worker error.
- Parts shortage: parts are missingfrom the assemblykit

or are unavailable from feeder shops or the storeroom.
- Production problem: assembly procedure, tools,or lay­

out is poor.
The disruptiondata is collected daily and ana­

lyzed before the team meeting. The data gives the major
disruption type; the time, duration, and workstation; and

a briefdescription of the problem. When disruption data
collection began, the PowerShopwas running at 80per­
cent disruption-free operatingtime. Becauseof the
problem-solving activities exemplified in the following
cases, after 14months, disruption-free operation was
consistently at 94percent ofoperatingtime.

Case Study: Shiners. Engineersgenerally solve pro­
duction problems, but the following example shows
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production associatesare an important resource whocan
contribute to problem-solving. The disruption data identi­
fied a slowdown in production from"variable shiners,"
i.e., the uninsulated length ofwireat the end ofa wireor
cable that is placed into a terminalconnector. An incor­
rect shiner length can cause failure in reliability tests or
in the field. The shiner length variedfrom3/8 inch to 1
inch; the preferred length was 1/2 inch.

The problem was identified fromthe disruption
data and the first step was to talk to the cableshop that
supplied the cables. The PowerShoplayoutproduction
associate discussed the problemwithher counterpart in
the Cable Shopto reach an informal agreement.But the
problem continued because there was no specification
for the shiner length.The real problemwas identified as
no written specification for this part of the cable. The
problem wasassigned to the productengineer,who
changed the specification and eliminated the problem.

Besidessolving the targeted problem, there
were two important side benefitsto this method: it
allowed the workers ofeach shop to work together to
solve a common problem; and it showedthe cableshop
the advantages ofJIT/TQC.

Case Study: Kanban Blockage. The disruption data
showedthat WIPwas piling up betweentwoworkstations,
but the next workstation was running out ofwork. Much
ofthe congestion wascaused by difficulty in tightening
the terminal strip lugs after insertingthe cables. The
team assigned an industrial engineer to workwiththe
production assistant to determine the specific problem
and develop a solution.

The assembly procedure required cablesto be
placed in a terminal strip on the bottomof the powersup­
plychassis.Twohands were needed to reach into the
chassis: one held the wire, the other tightened the termi­
nallug. However, the hand withthe wireobstructedvisi­
bility. Thus, it took severaltries to fit the wrench into the
terminal lug, and caused delaysin the assembly process.
Becausesome production associateswere more dexter­
ous, they had less difficulty than others; but changing
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production associatesonly masked the problem, but did
not solve it.The solution wasto find a better tool.

Process engineers and the purchasingagent
searched hand toolcatalogues for a longwrench; produc­
tionassistants looked in hardwarestores. One team
memberfound the extra longwrench in a local store and
bought a dozen.

This episodeshowed that simple solutions exist
to some problems. Alonger toolwasallthat was
needed-once the real problem was recognized. Also, the
problemwasfirst observed as a kanbancongestion
issue. Butbecause both engineeringand production
were involved in the analysis, the true problem wassoon
identified and a workable solution was rapidly found and
implemented.

Case Study: Duplex Outlet. The disruption data indi­
cated a production problem caused by the 120V AC con­
venience outleton the powersupply (the Definity system
powersupply is designedwitha standard 12Q-volt duplex
outlet). Installing the outletwascomplicated by the pro­
duction associate havingto remove twoscrewsfrom the
outletbeforefastening it to the powersupply chassis.
The screwremoval operation wastedtime,and the solu­
tionfromthe TQC team wasto purchase the outlets
withoutthe extra screws. The problem wasassignedto
the productengineer and purchasingagent.

This problemremained unsolved because the
outlet is a standard productconfiguration, and novendor
could supply it withoutthe screws. Nomanufacturer
would set up a special production run for the small quan­
titiesneeded for Definity system production. The team
considereda designchange to a singleoutlet, but the
cost of the change would haveexceededany potential
advantages. Consequently, the team dropped the issue.

This problemillustrates the tradeoffs made in
resolving problems. Someproblemscost more to fix
than to accept. Here, the saving fromusinga standard
part outweigh additional labor. Tackling unresolvable
problemsprovides production associates, supervisors,
and engineers withan understanding ofwhyless-than-



optimal decisionsare occasionally necessary.The under­
standing removes the stress associatedwith misunder­
stood decisions.

Summary: Elements for Problem Resolution. For an
action item to be successfully resolved, certain factors
must be present:
- The problem must be clearlyand concisely defined.
- The problem must be assigned to andaccepted bythe

person best suited to address it. If it is assigned to the
wrong person, he or she should contact the shop
supervisor as soon as possible, and suggest a more
appropriatechoice.

- The problem must be manageable. Unfortunately,
many problems appear to have a fix until the solutions
are attempted. If no solutionis realistic, a problem
might be marked failure to resolve and closed.Afailure
to resolveshould not necessarilybe considered nega­
tive: if it is, the team maybe unwilling to attack any
difficult problems.

Summary: Factors in Failure to Resolve Problems. When
a clearlydefined problem is unresolved, the cause is
among the following:
- The problemwas inappropriate for the team.
- The owner of the problemwas not assigned issues

withinhis or her area of responsibility.
- The problem was too broadly defined: e.g., eliminate

allsolder crosses is too broad to be acted on.
- Management support is missing. If a team member is

assigned to a team but has insufficient time and encour­
agement to pursue assigned problems, the failure is
management's. Similarly, the TQC team must give man­
agement a record ofthe accomplishments of the indi­
vidualsand the team.This can be done as a monthlylist
of resolved problems and open actionitems.

- Interprocess cooperationis missing. It is not enough
for an area to commit to the TQC team concept.The
other related groups (Storeroom, Purchasing, other
shops, etc.) must work together, or many issues will
be impossibleto resolve.

Education. The thrust of the ]IT/TQC education

program was to teach DenverWorks personnel the con­
cepts, theory, and practiceofpullmanufacturing um
and TQC. Formalpresentations and trainingcourses were
supplementedby meetings and informal trainingby the
team members.

The formal trainingwas given in twospecific
courses developed for the lIT project. The lIT Workshop,
a hands-on demonstrationof the difference betweenpull
and push manufacturing, was presented to most of the
factory personnel, and was mandatoryfor anyonework­
ing in a lIT operatingshop. In this workshop, participants
worked on a simulatedassemblyline,and were able to
experience the process flow, and compare the results of
smalllot-size and pull-on-demand manufacture with tradi­
tionalmethods ofpushing large lot sizes to a shipping
schedule.

The other course, the Quality Awareness Work­
shop, was designed to examinethe DenverWorks as a
manufacturing facility, its product lines,and the competi­
tiveenvironmentfor PBX's. The course also examined
the specific work activities of the plant shops, the rela­
tionships of each workstation to others in the manufac­
turing sequence, statistical process control, and a review
oflIT philosophy. The Quality Awareness workshopwas
attended by all salaried,hourly,and management
employeesat the DenverWorks.

Supplementary courses fromthe CorporateEdu­
cation Center also were provided. These included project
management, industrialapplications of statistical quality
control,design of experiments,and statisticsfor experi­
menters. To supplementthe formal courses, informal
workshopsand seminars were givenby the R&D team
members to the variousTotal Quality teams.

As a final supplementto the educationand train­
ing program, many meetings were held to showthe
project'sgoals and accomplishments. At these meetings,
introductorycomments and majorpresentationswere
made by members of the Denvermanagementteam.

The commitmentof the DenverWork's manage­
ment to lIT/TQC was evidencedin support and participa-
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Table I: Pilot Shop Implementation Dates and Results

Power-4/86 Cabinet-l1/86 Carrier-12/86

Metric Pre-lIT lIT Pre-lIT lIT Pre-lIT lIT

Floor space (sq. ft.) 2400.0 1700.0 4300.0 1400.0 8500.0 1500.0

Interval (shifts) 5.0 1.0 4.0 2.0 6.0 0.5

Velocity* 5.0 25.0 6.3 12.5 3.1 37.5

Time no disruption (%) 82.0 93.0 40.0 60.0 50.0 70.0

Turnover ratio 17.0 56.0 66.0 95.0 26.0 63.0

*Velocity = (Butt-to-butt time / Actual time) x 100
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tion in the education program. In the quality awareness
course, the introductory and closingcommentsat each
presentationwere made by the plantmanager or one of
his immediate subordinates. For the ]IT workshop, a
manager attended each session as a participant, and the
plantmanager and his entire immediate staffparticipated
in a special workshopsession.

Education and trainingin]IT manufacturing,
supportedby the factory management, were critical to
successfulimplementation of]IT and TQC. Implementing,
accepting, and improving manufacturing operationswere
found to be more easilyachieved if the goals and operat­
ing philosophy oflIT/TQC were fully understood.

Results, Summary, and Conclusions
In the integrated shop, Definity system products

are assembled onlyto meet specific customer orders,
minimizing WIP levelsand build intervals. The design of
the integrated shop embodies the simplicity of]IT. All
activities are closely coupled, and problemsare quickly
exposed and resolved. Management, engineering,and
production assistants are committed to resolving prob­
lems and adhering to jrr/TQC disciplines in the daily
operationsthat provide quality products to customers.
This commitmenthas yieldedthe integrated shop
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results summarized inTable I.
The impactoflIT/TQC developments are evi­

denced in increased quality, fewer disruptions, higher
productvelocity, reduced production interval, and fewer
non-value added activities. Disruption times (Table 1)
significantly decreased in the three areas. Productvelo­
citywas increasedby a factor of two in the cabinetshop,
and by more than an order of magnitude for the carrier
assembly. Both the improved velocity and reduced disr­
uption afforded significant reductionsin production inter­
val, and provided increased responsiveness to customer
needs. Improvements in as-built quality levels reduced
non-value added activities by 60percent.

An additional effect was reducingproduction
floor space afterlIT/TQC implementation. The production
output remained at its pre-]IT levels, while floor space
needs were reduced by more than 60percent. Much of the
reductioncamefrom reduced inventory and stagingareas,
as well as more efficient production workstation layout.

Turnover ratio (TOR) is a critical metricof the
DenverWorks. Table I presents the TOR for the shops
before and afterrrr/TQC. Withrrr/TQC, the shops
achieved TORs from 56to 95.

Implementing ]IT manufacturing wascoupled
with totalquality control to producesubstantial



improvements the assembly of PBX telephone equip­
ment. Coordinating the technical issues ofproduction
linelayout, line balance,and kanban setup witheduca­
tion and management support made the successes possi­
ble.The TQCeffortinitiatedthe cultural change to con­
tinuousprocess improvement. In this JIT application, a
multiproduct kanban was set that reduced the number of
productbuffers,and a system to reconfigure the manu­
facturing line was developed. The goal ofcombining
three assembly shops into a single integrated shop was
realized after the three shops were converted to JIT.

TQCteam problem-solving techniques were
applied to problems where conventional SQC methods
were not applicable. Productionoutput and qualitywere
improved by cooperationamong production, engineer­
ing, quality, and support organizations. The essential
issues were cooperation, education, and data. These were
applied to a well-engineered productionlinewhere data
identified opportunitiesfor cooperationamong the
organizations that implementsolutions.
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