INCREASED EFFICIENCY AND AFFORDABILITY

BASELINING AND
BENCHMARKING

Management Tools for the 21st Century

1972, after failing to obtain a tem-
P’L'I'I'-HI'{." “."'L"'EEE‘ on EI.!I'.'!'_"FI'II'I'IE'I'I.IZ
regulations or a refundable Lax
credit, the Chrysler Corporation

was forced to do the unthinkable and
go o the perennial source of funds,
the LLA. government, o obtain loan
puarantees, Having been mvaged by
recession, the energy crisis. povern-
ment regulation. and poor manape-
ment. Chrysler had to follow the foot-
sieps of the Ciry of New York and
Lockheed Corporation. Fearing that
government imvolvement accompsny-
ing incipient loans would min the
company, Chrysler manapement had
e convince itsell and Conpress that
the loan guarantees were the cormect
thing to do.

With approval of the laans in De-
cember 1979, Chrysler was given a
unique opporunity o reinvent isell
The team assembled to save Chrysler
needed o employ a host of cost-sav-
ing techniques and improved manu-
facturing skills to survive. Marketing
sirategies had to be initiated for the
near and far term. In addition o com-
mon platform technology, Chrysler
tarpeted markets and manufacturing
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quantities. The idea of adapting
“benchmarking” was bom.

Benchmarking s a management
tood that enables businesses to bor-
row existing proven technlques from
successful companies and adapt them
o companies neading change, Rather
than reinvent new management prin-
ciples and implement them o an ex-
isting business, managers look out-
gide the immediate organization lor
help in self-improvement. At a mini-
mum, benchmarking is a form of vali-
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dating and verifying how the busi-
ness of an enfity is conducted. Like
any management tool,
benchmarking success strongly
depends on how receptive man-
agement is to change. Encounter-
ing resistance from the established
and entrenched organizational hi-
crarchy is not unuscal.

At Chrysler, management had
no cholce, They had to adopt the
techniques thar worked best for
other large corporations. After
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implementing numerouws improve-
ments, Chrysler excelled at making
cars and ar measuring the success of
their benchmarking performance.
Lising proven efficiency improvement
processes perfected by Honda and
General Electric, Chrysler went one
step further and measured effective-
mess by using cost-beneflt analysis.
With lts employess orented toward
measuring performance on a contin-
uwed basis, benchmarking continues
to be used bw Chrvsler as a wav of
improving the manufacturing pro-

cess.'

The Military Connection
A military connection ta

benchmarking does exist — the

baseline, a term widely used

Establishing the development
baseline requires effective inter-

action among the requirements
generation, acquisition manage-
ment, planning, programming and
budgeting svstems. Configuration
baselimes are used to ensure an
orderly transition from one major

F
E
& throughout current regulations.’
-

AMRAAM F-15
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commitment to the next. Progrm
baseline thresholds are established o
determineg when a program has
breached its acquisition level. Perfor-
mamce measurernent baseline describes
the time-phased budget plan against
which contract periorman<e ks mea-
sured. Baselining, therefore, is a term
that describes the process of main-
taining baselines consistent and cur-
rent throughout the program acquisi-
tion cwcle.

The Fall'Winter 1986 edition of
Amphibious Warfare Review contained
numerous articles concerning the V-
22 Osprey program. In addition 1o
hopics assessing the mission capalbll
tics, reports addressed the managpe-
ment ssues for the 913-alrcraft ac-
quisition. Senator [ohn H. Glenn
highlighted a number of manapement
innovations to reduce risk and con-
trol costs, Lt Gen, Bemard E. Tralnor,
USMC (Ret), and Col. John [. Grace,
LISMC (Ret), espoused such factors
as a pood design, new materials and
manutacturing technbques, and mod-
em technology in all components will

make the enfire svstem as efficient
and reliable as possible

Though the program enjoved a tre
mendous amount of support rfom
Congress and the aviation commu-
nity, the Maval Afr Systems Commuand
program offlce, @asked with managing
the Osprey program, realized this pro-
gram faced many hurdles before pro-
ductlon could begin. Since the air-
craft would incorporate many new
technologles such as tilt-rotor and
composites, inherent guestions ex-
lsted about feasibiliny of production
and affordability. An increased em-
phasis also was being placed om work
measurement for performance mea-
surement using MIL-5TD 1567A" and
should-cost studies on military pro-
grams.” The program office was deter-
mined to consider innovative meth-
odds o estimate and manage the V-22
program.

Historicalty, the process of esti-
mating a new airplane program |s
stralghtforward. Earty in a program's
concept formulation phase, when the
design of a proposed aircralt 1s un-
known, detailed cost estimates can-
nol be calculated. However, estimates
are necessary o establish resource
planning requirements and periorm
cost and operational effectiveness
analysis on weapon system alterna-
tives. Since detailed desipns are not
available, cost estimates are devel-
oped using progs parametric relation-
ships or by comparing the new air-
craft program with known costs of a
past program. These estimates then
form a budgetary threshold for the
Program.

As the design of an aircraft be-
comes defined, more precise estimates
can be developed. The earlier esti-
mates, based on broadly applied cost
estimating relationships (CER) and
parametric estimates, can be replaced
with more accurate estimates based
on specific subsystem designs for the
new gircraft. The problem, however,
i that program estimates are calou-
lated wsing historical information.
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least until the total design is solidi-
fied. This technique assumes that his-
torcal experiences can be a good pre-
dictor of the future. But, when a
program involves drastically new tech-
nology, such as the exensive use of
compaosites for both primary and sec-
ondary structures, the confidence level
decreases with the use of existing cost
information that lacks relevant data.

Basing future costs on past experi-
ences does not consider any improwve-
ment to the manuacturing processes
used on older aircraft programs. This
approach to costing comoborates the
past as acceptable and uses the infor-
mation o form a standard for futwne
performance measurement. Old
manufaciuring processes, together
with historical cost information, are
extrapolated and adjusted for tech-
nology to form the basis for the new
program. Because of the perceived
acceptabllity of the past, production
design decisions may not meflect the
state-of-the-an production techmology
— new technigues ane aften believed
o have a greater risk than older,

Proven processes.

In August 1984, Depury Secretary
of Defense William Taft IV directed
the Linder Secretary of Defense (Re-
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search and Engineering) (USDHRE&E)
to lead a joint-Service review of con-
tractor overhead costs. The objective
of the study, In additlon to identifying
contractor cost-reduction incentives,
was 10 improve government oversight
of defense contractors. Mr. Tafl es-
tablished 10 principles to Improving
government oversight. One of the prin-
ciples, Discrete Cost Analysis, stated
that, “Pricing methods that place un-
due emphasis on historical costs must
be avolded.”™ Similarly, [.T.
Kammerer, Deputy Assistant Secre-
tary of Defense (Cost and Audit) (July
1985) stated that cost-monitoring ac-
tivities performed on a continuing
basis might be a better approach in
the long run than a full-scale should-
cost over the relatively short period of
a proposal review.

To  satlsfy the Defense
Depamtment’s senior management's
quest for an improved methodology
to estimate and manage ams,
the program office established an ob-
jective o develop an independent, in-
depth cost “baseline” for the V-22.
The monitoring program would have
to be structured o enhance the ability
to Identify and challenge uneconomi-
cal amd inefiicient practlces, o quan-
tify those findings In terms of cost
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impact, and to establish a program lor
eliminating such practices in future
fellow-on production. By
benchmarking a program used suc-
cessfully by the Air Force on the Ad-
vanced Medium Range Alr-to-Adr Mis-
sile [AMRBAAM) program, the V-22
program office identified an existing
process that could meet its rigid crite-
m_ﬁ

Entitled “Recurring Manufacturing
Cost Baseline” (RMCB), the program
office implemented a system for evalu-
ating and measuring efficiency in the
manufaciuring environment. The sys-
tem was detalled sufficiently 1o sal-
ishy regulation requirements and ma-
jor milestone reviews, while at the
same time adaptive to design changes,
Although the Intent of the program
was stressing commonality in varkant
aircraft, chanpes due o Engineering
Change Propasals (ECP), Value Engi-
neering Change Proposals (WECP),
and manufacturing Inltdatives were
anticipated. The evaluation and mea-
surement system would account for
all design configurations.

The principal philosophy underby-
ing RMCE is the development of a
model that estimates cost, using work

measurement fechnigues. An impor-
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tant step in the process applies learn-
ing improvement at the part/assem-
by level rather than the program level,
thereby yielding a more accurate esti-
mate, The validity of this application
can be substantiated and documented
easlby. When first documented, the
learmning effect was based on a redue-
thony of labor hours. Soon after, costs
were examined for mamy operations,
and learning was evident. In amalyz-
Ing this observation, it was discov-
ered that different leamning rates ex-
Isted, and they were task-dependent.
For example, a8 machine shop opera-
tion has a different keaming rate than
an assembly operation, even though
both are from the same program. This
is because the machine-dependent
operation improves relatively linle,
since 3 machine does not learn
through repetition while the assem-
bly operation, which s labor-inten-
sive, improves dramaticalby.

The RMCBE is the ultimate cost-
management tool o satisfy the Dol
requirement for ensuring a reason-
able price for alrcraft. The RMCB
avoids the potential pitfalls of using
historical data, since it is not depen-
dent on analogous systems cost
Rather than base estimates on para-
mitric of CER data, RMCB calculates
cost from a “bottoms-up” approach.
Similar to zero-based budpeting, ev-
ery manufacturing process and com-
ponent is reviewed for efficlency and
cosl-effectiveness, Mew manufactur-
ing techniques are simulated and ana-
yzed to determine their effect on the
bottom-line cost,

Numerous [eatures to the RMCB
program exist, Most Imporantly, i
provides an independent review of
the program and documents analyses
in order to support conclusions. Alter-
native manufacturing procecsses are
considered and thelr Impact assessed.
Because RMCE was being pedformed
during full-scale development (FSD)
[as opposed to a “should-cost” study
that would be performed at the con-
clusion of FSDY, it could Influence the
manufacturing plan and design be-
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fore many of the investment deci-
sions are made. Last, but not least, It
provides a single repository for pro-
duction cost data.

How Baselining Works

The RMCB program was estab-
lished to dewvelop a recurring cost
baseline for production aircraft. This
was o be accomplished by collecting
data during the FSD phase, such as
standard hours, processes, realiza-
tion indices, etc., and using this data
as a basis to project production costs,
The RMCBE was expected 1o develop
and maintain an independent mon-
parametric estimate of recurring
manufacturing cost, based on the
determination and evaluation of: work
te be performed. the effort required o
perform it, and the frequency of oc-
currence,

The effort begins by identifying
major assemblies of the aircraft —
wing. center fuselage, forward fuse-
lage, etc. — and continues to the
lowest level of a work breakdown
structure that identifies the major as-
sembly. Flgure 1 ldentifies the major
assemblies and schedules for
baselining. Production operations,
labor standards, manufacturing sup-
port effart and cost, performance data,
and Indlrect expenses are analyzed.
Figure 2 provides the assembly
baselime process. All work areas re-

viewed are documented and entered
into @ model that permits cost anaby-
sig trace-odfs.

Work Arcas

Direct labor, a significant cost
driver, receives the most analysis. All
conditions and activities associated
with the manufacturing floor are re-
viewed. Plant layour, product flow,
plant capacity and utilization, down-
time, material handling systems, sei-
up requirements, work-in-process Jew-
els, and scrap and rework are the
major areas o be analyzed. Fabrica-
tion, machining, assembly, inspec-
tion, and test labor categories are
analyzed for standard hour content.
Realization indices are developed for
each labor standard. Other direct and
indirect labor catepories also ane ex-
amined.

Material content is reviewed ancd
validated. Purchasing practices are
examined for commonality lssues and
sourcing considerations. Becommen-
dations are made o Improve the pro-
cesses and supported with detailed
documentation.

An estimating model s developed
using estimates at the major assem-
bly level. As the RMCB estimates be-
come avallable, they replace the para-
metric or historically analogous
estimates in the model. As the pro-

FIGURE 2. Assembly Baseline Process
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gram progresses, and more informa-
tion becomes known aboutl manufac-
turing, revisions are made to the ear-
lier RMCB contributions. and the
process continues until all aircralt
elements are baselined. The model
can be used by program manapement
doing “what-il" drills (o see the imme-
diate impact on cost of changes o
programmatic issues, such as guan-
tity changes or lol-size revisions, The
made] also would be able to simulate
the effects of changes 0 ooling and

manufacturing.

Results of the Program

The RMCH team directed the inl-
tlal effort by concentrating on the
wing assembly. This was consistent
with the original plan, which identi-
fied all major subassemblies of the
dlrcraft and proposed a phased ap-
proach to basclining cach element.
With a limited amount of data, but
identifying every item on the inden-
tured parts list. an estimate was de-
veloped for the wing assembly. The
actual baseline estimates Indicated a
28.4 percent Increase over the de-
rived estimate of the prime contract-
ing team. This was consistent with the
design-to-cost (DTC) estimate (not
prepared by the RMCB team), which
indicated a 22.7 percent increase over
the DTC posal.

In addition o the cost-estimating
capability, the RMCB task of Identify-
ing cost drivers and challenging un-
coonomical and inefficient practices
also was successful, The RMCB team
identified four specific areas involv-
ing manufacturing, assembly. dual
sourcing, and fabrication that could
possibly be improved. Lastly, the ne-
sults satisfled the need for an inde-
pendent revicw of the program esti-
mates.

Shortly after the Wing study was
fintshied, the RMCB effort was stopped,
and the team dishamded.

In Retrospect

Benefits from an BEMCB program
could be memendous o an acguisi-
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tion program requiring production
units. By Independently evaluating
every component, manufacturng pro-
cess, and technique, the program of-
fice Is assured that all altematives are
considered. Since the overall intent is
efficiently built production units, the
RMCBE goal is aligned with the
contractor's objective. After all, any
increase in efflclency during produc-
tion should have a positive effect on
cost and, therefore, enhance the po-
iential for greater sales in the future.

The basic premise that an Inde-
pendent team could be used to im-
prove the acquisition process remains
valid Howewver, the BMCB team ex-
perienced difficulties obtaining sup-
portable baseline data during the F5D
phase with which to make production
estimates. This was largely attriba-
able wo the unknowns of manufactur-
img mew technologies. Our experience
in estimating production aircraft, us-
ing the EMCB approach, when manu-
facturing processes were not defined.

did not vield higher confidence in
estimates over other comventional
estimating practices,

To use the RMCB technbque suc-
cessfully, the contracting authority
needs o ereate a partnership with the
prime contractor, assuring the manu-
facturer that the objective is to affirm
efficiency and affordability in the
manufacture of the aircraft. The RMOB
could be viewed as negative by many
contractors since it s extremely re-
vealing In contractor practices. If the
contractor sees RMCB as a wool used
by the government to continually ob-
taim cost reductions via renegothations
of the contract, then RMCE will not
wiork. A shift in the cultural mind-set
would be necessary to achieve real
success with RMCE.

It is important to understand that
“management by cost” is a tool to
control a program. Interim resulls may
not always be politically corect. If
the cost analysis indicates an increase

FIGURE 3. Cost Performance Tool Comparison
Cost Schadule Comnal Recurring Manufachuring Should Cosl

Descripglion Syslem Critera (CSCSC) Cost Bassline (AMCE) [1:2H]

Basis for Conlracinr reporing oost Bomoms-up anshysis drasing Cosl esimating

et astimate  inlomsation based o the componen el mlafonships

il of marlessal

Tima ame Wonthkiquariery repors Confnuous Cra-time: ihort

Loretd 0l cslzl  Megolialed on individual Mazimus Mirimum
cace basis,

Crigntatian Lisas hstoncal imlonmation Lises work measurement oo Usas any dat
1o predici final cost aslimain avalabie owr &

short penod of Tme

Timirg Used duing actual coniact Usad during FS0 1o esimaie hiure  Price o magoe
in estmale completion cosis.  oosts of FS0 and produciion miizslinng G
Dielay 1o e=t up and Updaied confiruously, Used during  andior negolizhions.
undarsiand productien lor cosi improsasan

Detay io 822 up

Team Skils Aocounbng/audn Industrial engneeing Bhyltitorctioral

Apcommadation Pasl mfomason fo indicale  Process o improse quality and Snapshot analyss &
budget probiems by efficiancy in manufaciuring an mstan in ime
meonding o5 thiesholls Can be used o establsh Cost

Ferdormance Report [CPR)
work unil budgets.

Motgwortiry Dependeni on conracion's Independent ol ooniracion Depandent on cpet-
accounting and estimatng ECCoUMing Syskem mess ol contacior,
syslms Similar o faci:

finding

Autharily Dol ingtnaclions 7TD00.2 and  MIL-STD 1567A FAR 158107
Toba Al

dé Movember-December 19594



in program costs, the program man-
aper needs o consider alnematives,
such as decreasing requirements or
requesting an increase in budget from
the decision authorivy. Stopping de-
tailed cost analysis efforts or ignoring
overrun reports will not correct the
problem. Most likely, the problem will
reappear shortly and be harder to
manage. Dealing with the problem as
early as possible in the acquisition
cvcle is best.

The concept of baselining is ex-
pensive, sinoe it requines a team of
experienced people to collect and pro-
cess vast amounts of information.
Additiomally, BRMCE s not intended
to replace other tools, but rather
supplement their benefit. Figure 3
compares several cost-performance
tools. Lising baselining when the pro-
duction process cannot be defined
adequately Is not effective. It may be
wise to wait until pilot production,
when more information 8 known
about toling and assembly, before
actively pursuing this detailed ap-

praach to cost management.
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TAILORING AUTHORITY

n a 23 August 1994 memorandum to the Secretaries of the

Military Departments and Directors of the Defense Agen-
cies, the Honorable R. Noel Longuemare addressed the
subject of "Talloring Acquisition Procedures and Documen-
tation for Acquisition Category (ACAT) I, 1IT and IV Pro-
grams.” Secretary Longuemare outlined several core issues
that must be formally addressed at the appropriate milestone
for every acquisition program. The issues bear repeating:

= Why is the program needed?
= Has the need been validated?
= What specific capabilities are necessary?

= When do the necessary capabilities need to be introduced
to the field or fleet?

= How much will the program cost?
* [s the program affordable and fully funded?

» Have alternative solutions been reviewed, and why was
this solution selected?

o How will the needed capability be developed andior pro-
cured?

# Is the systemfitem producible?
* Can it be supported?

» How was design stability verified before entering low-rate
initial production?

= How was the system determined to be operationally effec-
tive and suitable before entering full-rate production?

“It is important the Milestone Decision Authority (MDA}
rigorously address these issues before making program deci-
sions. The specific form or number of program documents
should be determined by the MDA, As long as talloring is
conskstent with any applicable statutory requirements, the
MDA has full authority to reduce or eliminate any proce-
dures or documents that he or she deems unnecessary.”
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