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A FEDERAL REMANUFACTURING FACILITY CASE STUI)Y
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Pacific Northwest L_lbor_ttorv

Richland, W_tshington

Background

Tile setting for this study was a federal government rem_lnufncturing depot,
responsible for the replacement and overhaul (_f l_lrge wheeled vehicles. These vehicles
include 2.5 and 5 ton trucks and their maj_,r subordinate component items such as
engines, axles, and transmissions. At the time of the case study the depot was involved in
the design and construction of a 400,00() square foot hard metal subordinate items
remanufacturing facility. The purpose of the facility was to consolidate ali existing
subordinate item remanufacturing under one roof. Commodity items to be
remanufactured within the facility included engines, transmissions, transfer cases, axles,
differentials, power generators, and other components.

Continuous improvement on the Shop Floor

From the onset, the concept of consolidating existing processes under one roof had
posed a significant material handling problem. Digital simulation was used to analyze
material flow patterns within the new facility. As a result it was detern-lined that. without
changing the existing flow of material between processes, significant choke points would
form in the areas of shared-capacity resources such as cleaning and painting. It was
estimated that these choke points, representing piles of work-in-process (WIP) inventory,
would clog aisles and prevent forklifts from making essential deliveries. Thus, a strategy
was needed for controlling the buildup of WIP inventory within the new facility.

To accomplish this objective, a program was begun to certify the WIP inventory
levels of e_lch subordinate item commodity line within existing facilities prior to the move
into the new facility. This program focused on training workers in new methods of
inventory control, production control, and quality control needed to minimize the WIP
levels required within the new facility.

Work crews within the existing subordinate item facilities were for the most part
organized around the disassembly, rehabilitation, subassembly, final assembly, and final
test of engine components. Shared resources existed for cleaning components and
painting finished assets. The manual transmission commodity was selected to prototype
the certification process on the basis of commodity importance and positive crew morale.
A cross-functional task team was formed involving several manual transmission workers,
two workers from the production control department, and one quality control inspector.



This team was responsible for redesigning the manual transmission lin_:sc_that a level _H
WlP invento U suitable for the new building could be nlaintained.

To accomplish this redesign, the team progressed thr(_ugh five successive ph_Lscs:
1)analvsis, 2) education, 3) design, 4) planning, and 5) implementation. Durlngth_:
analysis phase, the team was oriented to the problem of WIP invcntoiy,' within the new
facility. "IEsk team members were asked to measure and conlpare the splice
requirements for overhauling transmissions within existing facilities with the c_lpabilitv t_t
the new facility, lt was found that, while working space in the old and new facilities was
appr(_ximately equivalent, storage space within the new facility was substantially less than
in the old facilities, lt was determined that since the WlP inventory storage space was
n(_t accommodated for in current plans for th, ,tew facility, it would be the resp()nsib!litv
of the tearn to redesign a line capablqx_peratlng with 33% less floor space. ,/:

..,'r

To do this, further analysis was _onducted into the origin of the WIP inventory.
Three major causes were determined for WIP inventory. First, no production atld
invento_T ccmtrol method currently, existed for excessing spare component parts
generated by the scrappage oi manual transmission control components. A control
component was defined as the component with the highest scrap rate which could n(_t be
cost-effectively procured. In this case, the control item would va13, between several
transmission components depending upon the relative scrap rates of certain rehabilitated
components. Second, it became obvious that the final test equipment located near the
final assembly, line was a production bottleneck. This was mainly because the two test
stands which existed were both specialized to handle only one type of transmission and
were awkward to changeover and setup. Finally,, it was determined that the existence of
non-conforming new parts also caused a significant number of delays which ultimately
resulted in the pile up of WlP inventories.

Upon completion of the analysis phase, the task team was split into several focus
teams, with each focus team to attack a different problem. An educational curriculum
was provided to each of the focus teams to provide new ideas for redesienine the line's
production and inventory control, the setups for the test stands, and the quality, control of
new parts. Each module of the educational curriculum was conducted as a two to four
hour workshop providing the teams with the background needed for the design phase.
Pull production and inventory control concepts were conveyed via a series of human
simulations involving the construction of paper models and other such mock
demonstrations. A short setup reduction workshop was conducted to get the test stand
team into redesigning the test stand setups.

The quality focaa marn concluded that the quality control of new parts was beyond
the scope of their capability. Consequently,, the quality focus team shifted from
improving the quality control of new parts to the quality control of the remanufacturing
line. Prior to the startup of the case study, much efl,qrt had been expended to integrate
the quality control function into the remanufacturing line. As such, some ad hoc quality
control training was provided to the quality focus team to assist in this process.
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Upon completion of the education ph_lse,tile ti_cus teams began ftlc design ph_lse
of the project., For example, a hurnan simullitic_n w,_s used tc_dcsi,,n=the prc_dt_ctic_n;_nd
ilTveni(_rycontrol ortho new line. Engineering drawings\veto used tc_ dctcumcni the nc_v
test stand designs _lnd pre,cure the p_trts neecl_-'dtc__sscmhlu these d_:signs. In
conjunction with design ctforts (and moving into the planning phlisc ) c(tst rind t_ci]cfit
estimates _lnd project timclincs wcrc developed for t3oth of the ntxwc (.tcsigns. A
presentation summuiizing design and cctst/bcnefit nnalvses was prcptircd ;.lnd gi\'Cll t(t

ill;Ail{-|gerllcnt. Upon icceiving conculfence and support fr()nl II'l{|II{lgCl'llCllt, the picuter
teams moved int(_ the implcmcntati_n phase with a ct_nsidcrahlc degree (rf clathusi:lsna.

Initial benefit estimates from the work perf(_rmcd by the ti_cus tc:ims shc,a,cd $1.I
million first year savings with $9()(),()()()pcr vent t()llc_w-ol-isavings, lbtlil irlvestmcnt of
manpower in this project was less than two person-years. Payback on the pro.jcct is
estimated in less than one year. Irl addition, the task team was able t(_ dex'el(_p _l
remanufacturing system design capable of mai,ltaining a sufficient level of \VIP in\,entc_rv
without exceeding the floor space constraints demanded by the new fi/cility. The changes
proposed by the task team were quickly accepted on the shop floor and are being acted
upon by shop floor employees.

After the completion of the initial stud>,, several employees deterrnined on their
own initiative that the shop floor layout was also responsible for many of the WlP buffers
in the system. With permissior, from their supervisor and the plant manager, these
employees were allowed to to , to improve upon the layout design which had been
developed for the new facility by the equipment contractor. The contractor design
required significant amounts of material movenaent between disassembly and reassemblv.
thus increasin_ the amount of WlP inventory levels. Based upon a few cellular
manufacturing guidelines provided during the course of the case stud.,,,,the ernployees
were able to redesign the shop floor so that all component level material movement was
eliminated frorn the manual transmission line. Two significant innovations were included
developed by the employees in addition to those aheady identified. First, it was
proposed that modular cleaning equipment be used in piace of centralized cleaning
equipment as shown in the contractor's design. Upon investigation of modular cleaning
equipment available, production engineering staff were able to locate a suitable
replacernent allowing for significant reduction of facility floor space. Second, the
employees proposed the design of a cart for holding the transmission during reassemblv.
Use of the cart allowed the employees to do away with the cumbersome conveyor lines
proposed by the vendor and further consolidated the layout design. Overall, the
performance of the employees far exceeded the expectations of the original project goals.

Continuous Improvement in PP&C

During the course of the above efforts it became increasingly clear that number
one production problem-- lack of parts-- was not being addressed. Lines frequently were
shut down for hours or days while waiting for critical parts to arrive. Shop floor
improvements would be of little significance until that problem could be resolved.
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Consequently, it was decided thai improvcnlCnt efforts shc_uldbe:uildclttlkcn with the
PIc_duction,Planning, ;lhd C(_ntlc_l(PP&C) ¢_rganization_s well.

This orgnnization ,,v_lsin a very difficult siT.u_l_ic_nat this p_|rticul;I_r time. First, t');II'tS

prc_blems, ti chronic concern, v'erc becoming incr_:'asingly criticnl. \Vhil_: _pinions _s t_
the cause of parts shortages vuxied widely, basic_lh: no one fully underst(_(_d ali of the
PP&C job tasks and details of the workflow. The organization xv_lsessentially seen as _l
"black box" from whicla parts emergud. Consequently, shop menabers lcnded to blnnlc
them for parts shortages und 1el_lted problems, resulting in iI,terdeImrimental c_rltlict _ls
well as low morale. Second, staffing levels had been recently reduced in _ cc_st-cutting
effort, leaving nn insufficient number _t staff members t_ c{_verali tasks _ss_ciated with
providing parts to the lines. Tl_ird, a nurnber of orgnnizationnl changes \yore _bout to
impact the organization significantly (see Figure 1). These changes included: 1) _ new
MRP II software system that was about to be introduced nationwide in the agency. 2)
m(:_vinginto the consolidated maintenance facility and the associ_ted need to standardize
PP&C activities (which varied considerabh, from line to line), 3) changes in contracting
procedures due to the pursuit of competitive bids for contracts, 4) modernizati(_n efforts
on the lines that affected parts usages, and 5) changes in workload. In _ddition, shortly
after efforts to improve PP&C were begun, it was completely reorgnnized, with the work
groups being decentralized and placed under the direct control of shop management.
Given that current perfc,mance was already problematic, the addition of so many new
factors appeared to be overwhelming.

To attack these issues, a cross-functional team was assembled, with members

coming from various areas of PP&C as ,,veil as from the shops, including a well-respected
shop mana_,er_. The approach shown in Figure 1 was developed following extensive
consideration of ali of the issues. This approach incorporated many of the same basic
components as was used bv, the shop fl_or teams. Accordin-h,=, the process analysis was
undertaken by, the team. Foil(ro,ing basic training in interviewing and in w()rkflow
analysis, two-person teams interviewed the supervisor of one PP&C group and her
subordinates. The interviews gathered information on the work processes and workfl(_w,
what was going weil, and what the perceived problerns were. In addition, data was
collected on time required to perform tasks as well as typical queue time, resulting in a
picture of overall ]process cycle time. Team members developed extensive workflow
anah,sis diagrams to illustrate information and work flow and to help put together a
complete picture of the problem areas. These diae,,rams,_. were reviewed and validated
with PP&C members. Revisions to the diagrams were made where necessa U to correctly
capture the work. The final diagrams portrayed workflow within the PP&C work group
frorn beginning to completion, across ali positions vdthin the group.

In the course of these activities, a number of problem areas were identified. These
included" lack of training of PP&C staff, outside interference with PP&C decisions by
those with authority but poor knowledge of parts system, understaffing in key areas, lack
of understanding by key PP&C people of shop needs, lack of sharing of critical
information among PP&C staff, and bringing programs into shops before sufficient parts
are fully available. Problems in the parts receiving process proved fairly concrete. These
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included multipl<' h_lndling of parts during delivei_,, ranctom arriv:ll of parts shipments

throu!jhout the day (disrupting e|f()rts tc_ supply tile lines), exccssi\'e time signing

paperwork on each package received, _vercrowding and inaccessibility of stor_lgc_ _llt:_ls.
wasteful n-lovenicnt ()f parts fl()Ill C)lle stoI:lge area t() ai_otllei-, iil_lccui_lte irl\'ent()rics, _lnd

imprc_pcrly identified p_irts,

The cross-functional learn is currently in the process o| dc)cuinel-lting pi(fl-)lenls

disc<)vered, devel()ping recomrnenciati()ns for addressing tilese probleins, and
con-lmunicating thlcir filldings, |;)ieselltatiolls ()f findings have bcc,en made by tilt: tealli ';..

maintenalace mailligeillcnt as well as t_) top depot mailagcmerlt. These presentatic)ns
have be'en velT well-received by botil groups. Additional training is being provided to

provide tile team with expertise needed for st.lbsequttrlt steps in the process. _I_pic areas
have included inventory rec_)rd accuracy, materials management, operation of the new

maintenance facility, additional training on w,._rkflow analysis, and tile presentation of
APICS Certification Review Courses such as Pr(_duction Activity Control, Master

Planning, Materials and Capacity Requirements Planning, and Invento] 3, Management.

Training in pull manufacturing lind JFT' are also scheduled.

Tile plan for the near future is to initiate "interim fixes", based ()ii tel-till

recommendations, in order to help stabilize and control the PP&C processes. As training

continues, the teanl will establish the new requirements for PP&C based on MRP II and

pull manufacturing. As shown in the figure, tile team will pull together all the different
drivers of PP&C changes and develop an integrated vision of PP&C functioning in the

new environment. At the same time, the), will rnonitor the impact of the interim fLxes to
assess their effectiveness. The vision of a new PP&C will lead to prototype

implementation within a PP&C group, followed ultimately by implementatiop, across
PP&C.



• h

Drivers

Assess Impact of

MRPil MRP on PP&C

Software Tasks

j Assess Impact.s l Prototype 1

Standardizati on

in new Facility of "Pull" on ImplementationPP_c T
_+I+I+14

Competitive Bid Process Assess Impacts Integrate Findings: F._& _+_
Requirements Analysis of Competitive DesignnewPP&O _+_,

BidsonPP&CTasks System ._._T4__

- ]Pull System Identify interim I Full-Scale
Requirements fixes I Impten_mation

Workload Changes implement interim

/ New Challenges fixes J
L

I i

Figure 1. Five Driver Model of Continuous Improvement for PP&C J






