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lie-engineering for 6r~akthrough

l'edormance At CVI

Joe Wisniewski, CV Industries

A Journey £or the Strong of He.art

CV Industries is the parent of four wholly
owned companies based in Hickory, NC. CV
Industries employs a total of 2,400 people, and has
2,300,000-sq. it: of manufacturing space. The
Century Furniture division has been in existence for
50 years, and is the world's largest crafter of
medium to· high-end wood and upholstered
furniture. Century Furniture is an OEM company
with contract and hospitality customers. The
Valdese Weavers division is a Jacquard mill and was
formed in 1935. They produce medium and
high-end·· furniture fabrics, contract office fabrics,
and specialtyfabrks marketed to furniture makers.
Computers scan in fabrkpatterns for production on
CNC looms with equipment sized· for 54 inches to
120 inches wide materials running at up to 700
picks per inch. ·.This division· is considered a cash
cow running at 16% to 18% operating profit for the
p.ast •six years. . The. Expressions company was
recently acquired in 1997, and is one of the nation's
top 50 furniture retail chains. CV Industries has
sales integrated through. the full· goods~to-customer
cycle including everything from retail to final
trucking.

Several issues faced Century Furniture in 1995
before the company's fe-engineering· process was
implemented.. Century. Furniture was running at
industry standards of 3% to 4 % operating profit.
Typical standards include 3 tums of inventory, low
profits, and high aSset levels with very low returns.
The previous owners desired to·"cash out" and
retire. The company had diminishing financial
returns since 1988, and product lines were outdated
and in need of replacement. Factory methods were

methods were "select fit" and "revise to fit" where a
master cabinetmaker would assemble pieces
through a trial and error method until matches were
made. The layout of production equipment placed
common machines in the same areas, resulting in
multi-directional material flow. Some products
traveled up to 13 miles inside the plant until
complete. Spaghetti diagrams were created as part
of the re-engineering effort to analyze production
flows. Labor intensive operations determined and
set the slow paced production. The factory floor
was cluttered with partially completed product, and
housekeeping was poor. There were OSHA
requests to clean-up the factory.

Product returns ·due. to defects were 50/0 of all
products shipped. The company was disconnected
from customer demands resulting in 3% of product
being obsoleted. Fifty percent of the SKU's
provided 95% of total sales volume. Pricing
models were. designed on a low profit based,
cost-plus system.. Pr0d.uct costs were based on
overhead plus labor. Average. profits w~re reduced
from >4% to 2% when materials were imported from
foreign factories. A 20% transfer of labor resulted
in only a 10% reduction in labor. AU factories were
operating on one shift only, with an employee
turnover rate of 21%.. Production employee
accident rate was at an OSHA level of 28 points
with a one in four chance of .getting harmed. The
service cycle was I;; weeks resulting in customers
waiting long periods of time for products.
Proposals were in place to purchase additional CNC
equipment even though plant equipment was only
being .. utilized on one shift. There were seven
Separate order entry systems, and each brand name
had its own autonomotJ:sdivision. It would take
five purchase orders for one customer to place an
order for a single room oLfurniture. The market
distribution involved 3,700 retailers, which caused
erosion of opportunity for large retail stores.
Competition was even in worse condition.
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large retail stores. Competition was even in worse
condition.

The Y2Kl'X'oblem wasn~f add~es~rd in the
industry, nor was it fully understood. The company
lacked the ability and s01.l,rce code to correct the
problems, but tweaked older, obsolete systems. to
make them work. . Poor operating and business
conditions included· 3 turns· of inventory, 15 week
lead times, acc()t1nts receivable of 65 days, average
SKU volume of only 50riece per year, and 1.3
billion possible upholstery combinations. {1998
results improved sigl.1ificl}ntly to 4 fUfl).!l' .of
inventory, 6 week lead times, 45 days in accounts
receivables, and cost per SKUreducedJ To grow
$1,000,000 in sales in 1995, a negative $250,000 in
incremental w()rkiI).g capital cash was. required. The
cost. for the siilrpe level of growth in 1998 has been
reduced to $50,000.

CenturyF1,1rniture developed a strategy to
simplify plants,.. centralize operatiops, achieve
greater return on assets, ;t'educe working capital
n~quirement, create value-addrd in products, and fix
the Y2K problem. Using computer modeling, the
l'lants .were organized into unidirectional flow and
manufacturing cells reslllting in reduced set-up
costs.. A tolerance and precision fit environment
wascrea.ted using lJIligraphics,. and a full
engineering system was integrated with simulation
of CNC machines. Off-line programming of CNC
machines was implemented with CAD/CAM, and
product>developmePt, which caused weeklong
shutdowns twice a year, was removed from plants
and into a tech center. Multiple shift operations
were implemented.

The Century Furniture pl~twas cleaned up and
displayed as. a. flagship. 0l'eration to customers.
Morale and l'ride increas;ed.•• tabor incentives were
put intoplaceprovidinghofeach 1% team
productivity ~ainaboye standards back to
rmployees. Twocol).ditionalprovisionsstated that
mIf out-of-tolerance parts were moved on to the
next station, they wo l1Idbe reworked at
out"of-incentive hours, and (2) If anybody recorded
an OSHA level injuryjallteammembers would lose
their incentive l'ay for the day. This provision
resulted in major reductions in injuries. A $1.50 per
hout premium for second shift operations was
iml'lemented. to. attract experienced workers.
Consolidation of .en~ineerin~resulted in a two week
gain in production T~e.customer service
del'artments \Vereconsolidatedand made
~el'rIlde1:ltoninformatipnsysterps.. 'Ihe company
consolidatedlliree plants a1:ld thteerough mills by
adding people in bottleneck areas and shutting

down three plants. TheiI).formation system was
integrated for an ERP including all customer
service, order entry, and multiple model production
schedules. The company implemented new
maIlu.fa~tllring systems involving JIT, continuous
and. discrete flow manufacturing, and make to stock
products.

The cost to solve the Y2K problernwCiS estimated
at $13,000,000 with an investment of $17,000,000 in
SAP to improve information systems. The main
portions oithese costs were from training and
consulting. The company implemented upgrades
in various computer systems including e-mail,
workstations, GUI interfaces, Ethernet standard
protocol, web. site,. and iil.variant configurator for
J'ri~ec?nfi~rations .. a.Ild ~()M's. This permitted
customers t? successfl111y access databases for
information exchanges and inquires. The company
implernep!edlSSOP plans to mpye tl}x-free cash to
owners of the company. Employees participate in
ownership, and receive. matching contributions of
stock equivalent to six· to nine percent of their pay.
Stock re-purchases created $75 million dollars in
debt, but were made possible through the
recel).giI).eering plans.

Implementation of an ERP involves five major
points: (1) Re-engineer the· business before
implementation of ERP. Implement recengineering
cha.Ilges,freeze the .organization, and free the best
peoplr<toruntheimplementation. (4) The top
mapagement,CEO or eGO, must run the plan;
lower level. management will not be able to
sllccessfully complete the process. (3) Create a
fvnctional.· specification of•.• the .busin.ess. identifying
the "bestof breed" processes.. Assemble core group
of middle .management to determine business
copditions andol,t>jectives. Use·software like "Buy
Smart~'thataskskey qllestionsand parameters
related toa specific bllsmess. The software then
al).alyzesresponses llSing its intemal database of 400
top ERr systems, matches them to the company,
and formulates·arecommendedfunctional
specification. (4) committee made up of
core employees below the corporlite sponsors. The
committee.shollld •study, select, and .implement the
processes. The·· ownership of the. plan creates
employee "buy in" for the project (5) Choose an
inte~ated consultant.aftrr. careful interviews with
theactu.al people who will be "",orldng with your
compapy. Select a team out of your best business
rnl}nl}gers .work full time implemePting the new
"to be" process.

The implementation oiem ERr project requires
general phases, and should include an



incentive bonus paid to the employees for
completing each phasT: .(l) Create detailed process
flowm(ipping of the. current "asis" and future "to
be" business processes. .(f) Configure the software
tothe"to be" process. (3)Test the conference room
pilot and integration of system. Century Furniture
completed 55,000 transactions per day that resulted
in (i system failur~. A new system was
re-implemented in two weeks to process the
transactions. (4)· Create a conversion plan and
implement the process.

sevel1ty percent of coI11pal1i¢s·thatjI11plement an
ERPfailon their firstattempt. < IUs importanuo
remeI11per. to select the prqper~()rporate sponsor,
COmplete the re(idy-aim-fir7 .• process, .• thoroughly
analyze the. "as is" and "to be" conditi()ns, know
where YOll're going, and plan before. execution.

Ertt~rprise R.esource ··Planning at· Coming
Incorporated

Rick Beers, Corning Incorporated

A Workin Progress

Enterprise Resource Plal1ning has been in
prqcess at Corning for four years.. ERP is good for
a company, but. it is difficult to implement. The
difficuHies of .ERP system~·result in 70% of all
initiatives failing. There are four1:>asicdrivers to
accollnt{or the high failure rate. (l)TheNature of
thel3east: .c:ompaniesremove core~ystems and
replace withpewsystems. (2) Conspiracy of Best
Wtentions:. Software vendors promise more benefits
than can actually be realized. Company
representatives know that all vendor promises can't
bettue,bufpassal6nginformation believing that
they~ando better, and hoping that optimistic
prqjections.will re~llltin project approval. (3) Dual
Expectations: There are two groups of people in
companies who are in natural conflict. They are the
functional groups who are concerned with
d.eliv~r(iple~,.• and. theel1terprise gmups who are
concerned with overall company well being. (4) 8f?
Careful What You Wish For: Information systems
that are integrated together can "talk" with each
other, but the informatiol1 flow impacts other
manufacturing These· systems can not
be adjusted locally because everybody impacts
everybody else.

Enterprise systems are primarily driven by three
factors. (l)Groups want integrat~d information
syst~Ts. ... (2) The Y2Kissue:. ... (3) Business Value.
These three factors combine to create a new
infrastructure within acon:tpany, but the ERP
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initiative must be justified for overall value. There
are five areas of business value in the supply chain
world. (1). Order Promising: The. degree of
confidence, accuracy, andquickness that a company
representative can. promise a delivery date to a
customer. . (2) Asset Utilization: Availability of
information l1ecessary to manufacturing most
needed.products at the time they are needed. (3)
Electronic Linkages with Customers: The
custoI11er's usage rate of ,Products are automatically
transferred to the. vendo~ company systems for
in~entory replenishment. (4) Collaborative
Demand Planning:. Customer dem.ands flow
directly into the supplier. company and are routed
to.the .. required personn~L .. (5) Improved Decision
Makin~: New and improved.sources of information
lead to better decisions. .. These five improvements
in 1:>usiness vahle. are not. possible without the
investment of an ERP system.

Corning is a very diversified c.orporation with
ten operating divisions prodllcinga wide variety of
products. Coming'sproductsin~lude fiber optic
~a1:>le, fiber optic components, . specialty
compOnents, environmental. products, laboratory
prOducts, optical .. products., . and
tel\:?yisionlcomputer cOmponents.. Coming moved
to abroad based ERPprograI11in1994 as an
outcome of corporatereengineering, and an
initiative to bring tqgethertheinformation systems
of the ten different divisions. The ERFprogram has
1:>eenIl\anilged and led by Cornin~sincethe

beginning. of the project. The ERPprogram is
viewed as a. long-term investment in business
critical capabilities with diversity, decentralization,
flexibility,· and a .shared business and information
technology leadership. PeopleSoft was selected as
the ERr vendorwith the initialemphasis in finance
andIjR,and long~termrequirementsin supply
chain ~apabilities. The ERPproject is overseen by
an executive level steering committee, and directed
bya progran;'l. office. The program office manages
the fOllr fl.lnctionalareas ()f ,Finance, procurement,
Sllpply Chain., and HIREjitqh functional area has
its owu steering team.

are manyERP difficulty issues and they
are referred toa8 "speed bun:tps". The first issue is
pr~ess diversity. Planning processes of discrete,
<:ontinuous and hybrid functions. are <:ompared to
market profiles of OEM and finish~d goods. The
secondER]=> i$sue is bu~irtsSs structure. Coming
operates a three-tiersb"ucturei;vithdifferent types of
organizatiqninterestsat eactl level.. At the
corporate level. the main <:on~erns are finance,
procurement,.· science and technqlogy, and HIR.
The main con.cerns at the division level are
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The main conCE;rns .C\t the division level are
sales I mark~tin~,. ordE;r management,> inventory
management, and capi:lc;ity planning. The business
unit levE;ls ofpli:lnts and sales offices i:lre mainly
concerned with pl.anning, scheduling, and
manufacturing execution systems. The third ERP
issue... involvE;s. system dE;~i.gJ.1.' A centralized
application is reql.1ired at the corporatE; J~vel, and it
must.. function with a dE;centrali~ed system at the
divisional levels to permit flE;xibility for diverse
proqucts. The fourth El.{P issue is software
fUJ.1.ctionality. Functional breadth is critical for
aPJ?lic£\tions to thE;qiffE;rent manufactu.ring process
types ofcontinu0l.1s, batch, repE;titivE;, aSsE;mbly, anq
engin~E;req to order... F\ll1ctional depth is the rangE;
of configurability within eac;h product,~nd is also
critical. within E;ach of thE; l1)anufacturing types.
The fifth ERP issueismodHications. Some
modifications arE; made to the procE;sses, not the
software. There arethreE;typE;s.ofprocesses. (A)
Work Practices: Processes. that are routine and
repetitive, and relatively simplE; to changE;. (B)
Business Policies: . These are at a higher level and
more difficult to change. (C) External Processes:
These are forces that .• occur outsiqE; .of. company
control. . .'I'h~> dynamics of thE;se three types of
process~s>indicat~ that thedoser.an application is to
the m£\nufacturingflpor or. the customer, the more
inflexible the process becomes. The sixthERP issue
isEl.{J?/MES linkC\~~s: The link between ERP and
ME$systems occttrsat four different 10c£\tioJ.1.s. (A)
ProcuJ;'ement I Equipment Management. (B)
PICl.nJ.1.ing .andSchE;du~ing. /PlaJ.1.t Floor Scheduling.
(C)InventoryMani:lgement I product Tracking and
GE;nealogy. (D) BillsoLMaterials and Routings I
ProcE;ss Monitoring and Closed Loop Control. The
seventh and•final ERPissue is change management.
A critical component of managing change is to
pr~pare people for the changes by informing them
oiall system impacts, and the reasoning behind the
cha~ge. Theimprovem.ents.. .. n~t readily
apparent to all of the employees WDrldngwithin the
new systems, therefore the benefits should be fully
explained. ERP implementation may be difficult,
but it adds long value to both external and
internal customers. The availability of information
changes the way people .act and· feel within the
company.

The ERP lifecydE;is l1)anaged Jor the long terJ;'J.1.
by dE;terminingreqttirements.fpr f1Jture growth, and
th~ abWty to llpgradesystems .easily. ... PrograJ;'J.1.
life~ycle has Ipurcategories.. (1) Release
Management: •... Reviewing software upgrades and
controlling releases. (2) Configuration: The

,:onfigl.lr<Hfon ofnew releases to company
objectives.. (3) Deployment: Taking new releases
and deploying them \-Vithin the company (4)
Enterprise Systems Support: A group that supports
the. ongoing operations .of systems.. Supply chain
strategy is planned in three steps. (1) High level
strategy: ..... Determine what the company needs to
accomplish. (2) Detailed Strategy: Identification of
process redesign steps. (3) Detailed Project
Planning: Determine how to accomplish goals.

Co~~.decided on taking a hybrid approach to
operating the ERP system. One portion operates in
acentl'aliz~d mode for finance,proc;urement, and
H/Rfuncti0l:'\S' ... 'fhe other portion is .developed
with a coWmon bl.lild of fiJnctions, but maintains
ellough .. flexibility to •Jt].nction at the diverse
divisional levels. ThE;currE;nt status of the Corning
ERP model is as· follows:· The PeopleSoft system
has been deployed with both centralized and
decentralized fiJnctions. Centralized functions are
in place for all finance, and H/R operations, with
procurement operations being planned for the near
future on a corporate basis. Supply chain issues
require decentralized~~J;'ategies,andare being
implemented on a division by division basis.
Decentralized functionshave been deployed for the
Photonics and Science divisions. The .television
qlvisionplans on implementation in the first
quarter ·of. 1999. .Two other divisions are in the
project-plaxmin~ phase. With five other divisions
yetto dE;plpy decentralized systems, a five-year
i Il1plementation .. strategy. is .. planned.
Implementation. of the ERP systems is difficult, but
going well. The benefits of the system to the
company will be great.

Meeting Customer Expectations with
Planning, SchedUling, and·· Organizational

Innovations

Bill FJ:'Ye, Titleist and Foot-Joy World

Titleistand Foot~Joy World manufactures golf
balls, ShOE;S, golf clubs,· and a diverse array of other
products. In 1997 Titleist manufactured 288 million
golfballs; All divisions combined had sales in 1997
of over $700 million with over 3600 employees.
Titl~isthasa stron~ industJ:'Ypositionthat is critical
to SUCCE;SS. Th~colllpany's marketing strategy is
ba.sed ona pYFa.l1)idpfinfluence wher~ top golf tour
players work with the products ther~byinfluencing

other consumers. $eventypercent of golf tour
players use Titleist products.



Golf ball technologris advan"in&. in several
areas, but the· a~tualperforrnance is limited by
USGAspecifications. Manufacturers have
developed and perfected techniques to produce golf
balls right at the specification limits""ith minimal
variation. Design and manufacturing goals are
now evolving to maximize performance to a specific
individu,l. Golf ball design is being conducted to
match a certain •. set of conditions, including the
praY~F'S .physical.. characteristics and golf
equipment. .These changes result.in a large increase
of SKU's within the company.

Customized golf balls. have logos or images
printed on the surface. The images cart be single
colored or multicolored,iand can· also include
pictures. .. Many corporations and institutions
purchase customized golf balls for promotions.
Titleistis licensed to produce a variety of corporate,
and college & professional athletics logos.
Customized production is expected to exceed 84
million golf balls this year. Domestic shipments are
now comprised of 40% customized golf balls.
Customized golf ball manufacturing is highly
seasonal; and produced OI1 an assembled-to-order
basis. The seasonal nature of sales results in large
swings of production quantities and manpower.

Twopr~rnary factol'sare drivin&cfjanges in
customized golf ballproduction. (1)Ar1increase in
the number of different types of products: .The
variety<pfproductsrespltin ~ifferent types of
proqpcf pac,kaging and distributiol1 chaIUlels. (2)
Corporations using customized g?H balls as
pr0m.0tional items: Corporations are requiring the
golf balls to be bundled with their other products.
These· two factors in customized golf ball
production create a large increase in the number of
SKU's to track. There are also other changes taking
place within the industry. Corporate cust~mers are
demanding more customer service than the
traditional country club customer. There are new
forms. of creative promotional packaging.

companies have.emerged that
Spj~Cliam~e in various products. The
customers are also developing buyer power that did

previously exist. Titleist .growth is doubling
every four to five years.G.rowth in the customized
golf ball segment has resulted in the following
increaSes at Titleist during the <past eight years. (1)
The I1tUD1!)€lr of finished .goods·SKU'shas increased
from 52 to over 700. (2) Logos kept on file have
increased·from.20,OOO.to over 100,000. (3) The
number of manufacturing machines that decorate
balls has increased from two to seven. (4) The
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number of manufacturing plants has increased from
one to three. OtherTItleistgrowth changes include
consolidation. of company sefvices, and lead time
reduction from ten weeks to three to five days.
Qu~litycolorprintson golf balls have become more
difficult as logos get more complicated.

During the time period from 1992 through 1995,
improvement.· factors were identified, documented,
an.dimplemented... ·Capadtymanagement was
studied in the CU$tom production division.
ManUfacturing capabilities were determined using
statistical analysis anq leamingcurvesforcapacity
ramp-ups. Flowcharts were developed to help
streamline· the/ ordering process alldassociated
paperwork.. Logo creation was change<ifrom an
outside contractor loan. in-house graphics function.
The .. consolidation of Cl,lstom •• operations,customer
service, and shipping groups into a single
organization was implemented. Lead-times were
initially requced from 10 weeks to 10 to 15 days.

In 1995 the objectives for. improvement actions
were as follows: (l)Support growth of 15% per
year. (2) Achieve industry leadership. (3) Contain
overhead costs. (4) Reduce processing errors. The
customer service, shipping, and graphics
departments were consolidated into one
organization. The SynQuest synchronizer MES
system was installed permitting further reductions
in .lead-times. •. Additional opportunities were
reviewed, and the order entry scre.enwaschanged
to include specific details of custom ball production.
The MES .system was tied. to the AS-400 computer
for sCheduling purposes. Re-engineering also was
implemented in the packing and warehouse areas,
which enabled matching ofquantities and shipment
types. Team concepts were also introq.uced at this
time. .The pit=ce-rate pay. system \Vas eliminated
an~ replaced withaskill,.based pay system. Bonus
qpportunities Wt=re also impIementedfora several
manJ,tfacturing objectives. SynQuest MES software
w~sselt=cteq be<:ause of its focuseclproduct
capaJ;>ilitythatmet the neeqs of Titleist. SynQuest
was able tomainta~<:psteconomy c<:lI'lstfa~ts, and
a.short .implementatipn horizon. The.system
strealllliped. th.e .()rdering process, prOVided
guid~n<:e for sh()p floor personnel, anq permitted
real time visibility. The system provides
information pertaining to projected orders that are
going to be late, backlog hours, past due hours, and
other key items. A 24-hour around-the-clock
scheduling plan was implemented to feed orders to
the manufacturing department. The system also
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resulted in the unexpected benefit of a morale boost
with the manufacturing personnel,and increased
cofumunicatiorisbetween· shifts.

In 1998 the lead-times have been reduced to
three to five days..•... An opti()I\ of gU,aranteed
two-day service isavailable for premium fee. The
shop floor has been reorganized, and all
$nfonnation is now printed on the paperwork
instead of handwritten-It is now possible to
sequence group orders, and to track individual
orders. Accurate information is provided for order
status inquires. The .. facility has been renovated
with improved· housekeeping and centralized
processing. Market share is up 10%, with Titleist
holding 70% of the market share in the custom ball
segment. Sales and production. volumes are up
15% in 1998.• Team focus concentrates on machine
utilization and changeovers••. On time delivery is at
a consistent at 98% with lead~times in a 3 to 5 day
window. Over~runsand returns·are.less than 1%.
An advanced graphics technology system was
iIl1ple.meI).ted that store~digitalimages of all logos.
Customer· service personnel and manufacturing
operators can verify order logos.

Titleist is now moving towards a PeopleSoft ERP
system. Major goals ate to streamline the
forecasting process from a seven-day cycle to a
single day, and implement constraint-based
schedUling.•••. Purch.asingis still in part·manual, and
will· be completely integrated into the.PeopleSoft
system.• In additioniaj~bordercosting system is
planned. The. Hmeline to implement the
PeopleSoft ERP system is in the first quarter of 1999.
There are separate teams to implement the
manufacturing, financial, and HR portions of the
PeopleSoft ERP system.

'rhereareseveral faetorsthat have b~en key to
sticcess with the implementation of t~e MES
sy~t~m, and.will continue .to. be critical as .the ERP
sy~t¢!mis intrOduced.. .Afull week \Vas dedicated
by an teams. to establish project requirement
definitions. . Project focus .• \Vas concentrated on
busitiess objectives combinin~.opera tions
management strategies, HR strate~i~s, and
techn?logy... ·Resou~ces vvere .. focused during the
implementation phase Joensure a .smooth .ro~lout.
In addition, open communications wereestabhshed
between all personnel.

Dru.m..:Qpffer..Rope:An ImpleII).entation Case
Stuc;iy at Brenco, Incorporated

Ralph Carrell,. Brenco Incorporated

BrencO was founded in 1949, and. its main
facility is located in Petersburg, Virginia. The
company. manufactures and reconditions tape:ed
rolletbearings, locomotive journal boxes, forgmg
and machining products for the automotive
industry, and seals for the railroad industry. The
Petersburg· facility consists of five manufacturing
plants with 275,000 square feet of mc:nufac~ing

space. The facility has 650 employees mdudmg 80
manufacturing work centers. Brenco will have an
estimated $130 Million in sales this year. Brenco
also has plants Jocated in Louisville, Kentucky,
Sparks, Nevada, and Little Rock, Arkansas, with
approximately 200 additional employees. These
facilities remanufacture Brencobearings. The name
Brenco is>anacronym for Bronze Engineering
Company. In 1962 the first plant at the Petersburg,
Virginia location was. built, followed by additional
facility construction during the 1960's and 1970's.
13renco hold.sappxoximately. two-thirds of the
dOmestic market share,artd sees its Il1ain growth in
the futu.~e as exporting product to foreign markets.
Eighty.•• percent oiliales yoluIl1e is. conceI).trated in
l~rge bearil1gsproductS'\oVitl-\sfl1aUer bearings
beginning to increase in numbers. Bask pro?uct
flow begins with the input of raw matenals,
processing through forging, machining, heat
treatment, grinding, and assembly, then shipment to
customer.

Brenco manually scheduled factory
Il1anufacturing processes·prior to •September 1992.
There was not an integratedERPsystem at that
time, and it was difficult to schedule >a11 required
itemli. Brenco's automated scheduling system is
based on theory ofconstraints. The .first. theory of
constraint scheduler .wenton.;line in September
1992. There were initial problems and gaps that
made itdHficult to use the software on the
manufacturing floor. Software support from the
vendor was minimal, and improvements to the
tm)~ram hadtoibe made by Brenco employees.

company decided 10 change software and
search for a different vendor. Brencoselected
Resonance as its new vendor and purchased the
software in June 1996. The new theory of
constraint-based software went on-line at Brenco in
November 1996.



. Brenco has approximately 750 product parts
With about 30% of them active at a given time.
Parts are tracked through the manufacturing
process via part numbers. All data is tracked and
resides on the AS400 computer and JD Edwards
software, flowing to and from the scheduler.
Programs are run, and data is compiled into a file
format that is compatible with the Resonance
software. The files for work centers, part masters,
bills of materials, routings orders inventory, and
purchase orders are created and run through a data
base utility. The data is run through the scheduler
software, which produces a schedule. The
schedule is then uploaded back to the JD Edwards
software. The manufacturing schedule is based on
weekly increments, and is accessible to company
employees via access through any computer
terminal.

Brenco completed time studies and determined
manufacturing standards in preparation for the
implementation of a theory of constraint-based
scheduling system. There are five objectives and
steps to follow for the implementation of a theory of
constraint system: (1) Identify the constraint (2)
Exploit the constraint (3) Subordinate to the
constraint. (4) Elevate the constraint, and (5)
Repeat the steps when the constraint is broken.

The first step is to identify the constraint in the
process. Constraints are process steps running at
maximum which limit throughput. One to three
wQrkcenters that.are process cpnstraints should be
selected. The Resonance software that Brenco uses
indicates constraints by identifying resources
running at over 100% of capacity.

The second step is to exploit the constraint. The
process constraints should be operated as much as
possible including through lunch and break
periods, and other times when the machines are not
running. The quantity of changeovers should be
minimized, and machines need to be kept full of
raw materials to process. The scheduling software
identifies orders that will be either on time or late.
Manual adjustment is made by either moving
process batches or due dates. Savings can be
achieved through set-up trade-offs. At this point in
time a finite schedule is established with known
start and finish dates, including times and
quantities.

The third step is to subordinate to the constraint.
Determine if the other processes can support the
constraint, and how to maintain that support.
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Establish. a steady and constant flow of. product
both. to the constraint and after the constraint,
including processing through. final. assembly.
Btiffers are set (in hours) in the schedtiling software
to account for fluctuations in the process.
Flllctu~tionsindude product movements,
breakd0\\'i1s, •. alld other factors that will inherently
happen in the process. . Process times are
determined. through the shipping buffer and
established constraints. Resource buffers in front of
the constraintne~d to he. set sothe constraint
dpesn'trun?utof materials to process. .Product
should .• be •• released .intoprocess .. as necessary to
buffer the. constraint. Assembly buffers are where
constraint parts meet non-constraint assembly
pr~esses.Theprocessshould be established stich
that the hiS1lpriority products do not sit idle on the
manufacturing floor at anytime.. When a
collstraintpart ~Ilters thenext process areait should
not need to .wait...•. Protect. and maximize the
constraint,and make sure other product parts meet
the constraint parts on time.

The fourth step is t?elevate the constraint.
Capacity shoqld be added to the constr~int and
output should be maximized. Product scrap and
changeo~er times should be minimized. Determine
how toxnake the process quicker, and how to
requce thetixnereqtiiredto complete tasks. A
collaborati~e .••effortb~t\¥een manufacturing and
engine~rillgi~ reqtiired. . Stock machine
replacemel1tparts that are critical to the operation
of .. the constraint machinery.••... Establish expected
machine efficiensies, and enter them into the
system.... Schedule preventive maint~nance, and
repl~fe keycomponents before the machines
actually break down.....Other methods to. increase
constraint output include refurbisl1ment of old
equipment, installation of new equipment, and
outsourcing product if confidence of quality is at an
acceptable level.

The fifth and final step is to repeat the process.
When the constraint is broken and throughput is
increased, the process that is actually the constraint
may change. New constraints must then be
identified. The entire process should be repeated
when this occurs.

There were obstacles to implementation of the
new scheduling system at Brenco. People were the
largest obstacle to change in the scheduling system.
Many difficulties arose when attempting to change
the culture, behavior, and activities of
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persolil1el. The delivery pfthe original system was
not very smooth. The compaI}y personnel did not
explain the •system well. enough toman.ufacturing
personnel, and the .vendpr did not prOVide.. enough
suppprt. Manufacturing personnel were resistant
to performing multiple. Iepgthy charigepvers and
set-ups. The manufacturingpers0B!'l.el fr~quentIy

reque~ted Jp .. pull in the pext week'~ .. 9fders to
reducecha.pgepvers, but were not permitted.in most
casesbecaus~.that would have delayed the current
week'S •• C.OIlUrlitments. Buffer ..mall~gemept.created
~dditional<iifticulties.. J1le. bHffer lev~ls had to be
mair\ta,ined thrpugh identification ~lldcprr~ction of
process problems. A~s~lllblybuffers also had to be
at sufficient levels to maintain the as~emply process.
()pe~at41gefficiency. of constraint Pf9c~~~es were
established to minimize downtime and number of
defecfiYe parts. Maintenance ofmachines and
equipment. wa~ .critical tOpa<;k-up c911straints. In
additioll, the implementation of the scheduling
system also affect~d financial. statements .. through
lower inventory levelsand costs to manufacturing.

There\Vere m~ny benefit~ to Brencp from the
implelllentation of thenew sd1~dulingsyst~m. The
lllain beneJit wa~~ynchrpnizati9n of processes.
Manuf(l<;t4ring PrPd4ctsC(lme .. tpgether. pn time.
On-time deIiyerywas iI}creased from 95% to 98%
withth~Ilewscl1~duling. sP~hyare ... J1lere was a
wor1<-intproces~.redectipnof29%in .19 months.
1'hework-ip-proc~s~turnovers increased
approxim<ltely 9Q% in the same tillle Period from 13
turns to over 25 turns. Product cycle time
decreased., and. •• productnow m~kes it through the
factory quicker.Custpmer dem(lnd. fpr the product
increased 40% during the implementatipn period
~I}d was ~ble to be met through the use of the new
~cheduling .systelll·


