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Introduction

n 17 Mareh 2008 members of a contraeting unit in

Kuwait eondueted an eleetronie reverse auetion (e-RA)

for the proeurement and installation of 29 power
generators. Over the eourse of 278 bids, five suppliers competed
for nearly four hours before reaching the final price of $1.588,000.
Shortly thereafter, the supplier
submitting the lowest-priced,
technically aceeptable (LPTA) quote
received the award in aceordanee
with Federal Acquisition Regulation
(FAR) Parts 12, Acquisition of
Commercial Items and 13,
Simplified Acquisition Procedures

special
and the stated evaluation eriteria.
Savings totaled $395,000—a 19.9

pereent savings from the lowest initial bid price prior to the start
of the auetion. Contraeting personnel were praised by the media
for their innovative approach and by their military commanders
in performance reports.'

An e-RA is “an online, real-time, dynamie auction between a
buying organization and a group of... suppliers who compete
against each other to win the business.”” Electronie reverse
auetions essentially work “like eBay in reverse’™ with multiple
suppliers bidding down the amount they will charge a buyer for
providing a good or service. The business case for e-RAs 1s
compelling. Studies show buyers can typically save 5 to 40
pereent (with an average of 20 pereent) on the cost of goods and
serviees they proeure by allowing multiple bids per offeror, versus
the typieal one shot (or limited exchanges) eurrently used in
government contraeting. ** This is important because, on average,
manufaeturing firms spend 55 pereent of their revenue on goods
and services.® Other benefits inelude the reduction of award
cyele-time by up to 40 percent, inereased bidding transpareney,
and higher price visibility.”* Given these savings, it is no surprise
that 31 pereent of firms reported using e-RAs as one tool in their
mix of strategie soureing strategies and the trend is growing,*!”

In early 2000, the Department of Defense (DoD) took note of
e-RA savings, investigated whether e-RAs conflict with
regulations or laws governing federal acquisitions, and
eoncluded that no regulatory or statutory conflicts precluded e-
RA use.!! Initial suecess prompted the Navy and Army to develop
e-RA applications and poliey in order to leverage industry for
commereially-available, low-dollar commodities. The Air Foree,
however, took a different approaeh in 2001 by: (1)
acknowledging ¢-RAs as a prieing tool and (2) decentralizing
its use as a judgment eall by individual eontraeting offieers (CO)
without providing training.'? Consequently. Air Foree CO:s,
already burdened by the operational tempo in Iraq and
Afghanistan and downsizing, rarely used e-RAs in
proeurements.”> However, other federal agencies often employed
e-RAs and saved millions of dollars while exceeding
socioeconomic goals." The varianee in policy and leadership
support for e-RAs suggests that the tool may be underutilized.

The purpose of our study and this article is to explore e-RA
use within the federal government as a strategic soureing tool.
First. using spend analysis, we eonfirm the underutilization of e-
RAs. Next, using the e-RA for generators as a case study, we
explore how the government ecan integrate e-RAs into its source
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Article
Highlights

The DoD is failing to achieve maximum
savings by limiting e-RA use to
simplified, low-dollar acquisitions.
Substantially greater savings are
obtainable through strategically
identifying goods or services in large
volume in order to maximize economies
of scale.

“Electronic Reverse Auctions—Removing Barriers to
Unleash Savings in Federal Procurement” explores
electronic reverse auction (e-RA) use within the federal
government as a strategic sourcing tool. The authors,
using spend analysis for fiscal years 2007 and 2008,
confirm the underutilization of e-RAs. Next, using an
e-RA for generators (the first and only reverse auction
conducted by the Air Force in Kuwait) as a case study,
they examine and explain how the government can
integrate e-RAs into its source selections while easing
the learning curve for individual contracting officers,
maximizing e-RA use where appropriate, and saving
substantial taxpayer dollars.

According to the authors’ data analysis, the Air Force
and Department of Defense (DoD) are leaving billions
of dollars worth of savings on the table each year by
not using e-RAs strategically. Analyzing spend data
using two methods provides a range of potential savings
of $2.59B to $25.35B for Air Force spend and $11.9B
to $117B for the DoD. Even by using a more
conservative benchmark, the DoD and its agencies are
clearly underutilizing e-RAs. Thus, paradoxically, the
government is opting out of opportunities for substantial
savings at the same time it is seeking contract spend
reductions of 7 percent.

The authors make the following recommendations.

* Add e-RA data collection to contract action reports
and to Federal Procurement Data System-Next
Generation. Capture that an e-RA was used, whether
it encompassed an evaluation of nonprice factors, and
savings from the independent government estimate.

* The Air Force should set goals for use and routinely
track progress toward goals. Research indicates a top-
down implementation approach to e-RAs is more
effective than a bottom-up approach in minimizing

selections, thereby: (1) easing the learning curve for individual
COs, (2) maximizing e-RA use whcere appropriate, and (3) saving
substantial taxpayer dollars.

Congressional and executive agencies criticized the DoD for
failing to take a strategic approach to improve DoD acquisition.”
In 2003, the General Aceountability Office called for “high level
attention™ to transform DoD’s acquisition of commercial goods
and services. According to the report, the broad scope of this effort
should reduce purchasing costs through a more strategic approach
using commereial best practices.' The Office of Federal
Procurement Policy (OFPP) also weighed in, citing e-RAs as an
industry “best practice” that maximizes competition and serves
as a model to maximize DoD's return on investment.'” This call
for reform cchoed carlier guidance from the Office of the Under
Secretary of Defense, Acquisition, Technology and Logisties
(USD/AT&L) to improve acquisition by “apply[ing] appropriate
commercial best practices, [using] appropriate contracting
techniques and approaches, and enhanc[ing] training™ in order
to “improve the eftectiveness of DoD contract management.”"
Given the backdrop of business transformation and strategic
sourcing, the memo suggests e-RA is one “commercial best
practice™ that can answer these calls for action.'” Our research
facilitates ageneies meeting these calls for action by providing
FAR-compliant processes explaining how to integrate e-RAs into
source selections, a spend analysis that highlights potential
savings from ¢-RA use. and a comprehensive heuristic for COs
to use to detcrmine whether an e-RA is suitable for sourcing a
given requirement.

Electronic Reverse Auction Appropriateness
Electronic reverse auction appropriateness is defined as “the
degree to which a sourcing professional views the use of an c-
RA as a fit between the attributes of the tool, the specific
requirement being sourced, and the supply market.” By
assessing e-RA appropriateness, rescarchers can identify the
contextual circumstances where e-RA use is more likely to lead
to success of the auction.” Determinants of e-RA appropriateness
include: speeifiability. competition, leadership influenec, a price-
bascd selection criterion,” type of spend, expected savings, and
attractiveness (purchase volume and excess capacity).””
Researchers point out that while price is an important factor
for e-RA appropriateness. buyers can also evaluate nonprice
factors (for example. delivery lead time. quality. and warranty)
using a multi-attribute auction.” The ability to use both price-
only and mulu-attribute evaluations allows buyers to use ¢-RA
for three of four types of spend. It excludes strategic spend, where
the high eriticality and high supply complexity of the
requirement make partnerships and alliances more appropriate.*
The other three spend categories that are appropriate for e-RA
use include noncritical (low criticality, low supply complexity).
leverage (high criticality, low supply complexity). and
bottleneck (low eriticality, high supply complexity).*
Another reason for the recent interest in ¢-RA appropriateness
is that academicians disagree on when e-RA use is appropriate
and how the improper use of e-RAs may impact the buyer-seller
relationship. The concern is whether short-term savings outweigh
potential long-term consequences. Some view ¢-RAs as a
technology-assisted, power-based bargaining technique that
creates distrust and invites retaliatory prieing or fails to account
for the total ownership cost.” Others fear long-term buyer-
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supplier relationship erosion™ because some suppliers feel buyers
use the tool opportunistically® to squeeze supplier profit margins
and overhead to a breaking point.*® Because of this effect, some
suppliers indicate an inclination to retaliate by seeking post-award
changes or by quality shirking in order to ger well. While these
arguments are compelling, very little empirical research finds
evidence 1o support a eausal link to relationship®! or performance
degradation.™ In the focal case study. two no-eost modifications
were negotiated, the eontractor eompleted the work on time, and
the government was satisfied with the eontractor’s work.
Nonetheless. it may be prudent for buyers to avoid using e-RAs
where muny post-award changes are antieipated.

ldentifying Good e-RA Candidates

The e-RA appropriateness model (EAM) shown in Figure 1 should
help buyers determine whether to use an e-RA to source a given
requirement. Increased appropriateness should inerease the odds
of achieving positive outcomes such as signiticant savings.” The
EAM is broken down into a series of questions in three distinet
phases. Affirmative responses to cach question suggest that the
acquisition is suitable for sourcing viia e-RA. Most questions are
self-explanatory: however. two require elaboration.

If You Have a Transaction Cost Associated with e-RA
Use, Will Your Estimated Savings Exceed Your
Transaction Costs?

Using a potential 20 percent savings, estimate how much savings
your organization stands to achieve by using an e-RA. In general,
larger volumes and values increase attructiveness. which leads to
increased competition and higher savings. Finally, many e-RA
service providers eharge a fee ranging from 1 percent to 10 percent
of the estimated value ol the procurement, depending on the level
ol serviee needed und their business model. Typical business
models of ¢-RA service providers inelude the following.

* Winning seller pays a per-transaction fee (percent of pre-
auction estimated value of procurement). The ¢-RA service
provider assists with market rescarch, builds the ¢-RA in the
soltware, trains bidders, and runs the e-RA biding event (full
service option).

Buyer pays a per-transaction fee (percent of pre-auetion
estimated value of procurement). The e-RA serviee provider
helps with market research, builds the e-RA, trains bidders, and
runs the ¢-RA (Tull service option).

Software-only option. The buyer aequires a license to use c-
RA soltware, builds each auction, and eonducts c¢-RAs in-house.
Here, the buyer must provide training to bidders and conduct
all market research.

Qutsoureed option. The buyer contracts with an ¢-RA service
provider lor a fixed price per time period (or for un estimated
number ol e-RA events). For each requirement the c-RA serviee
provider helps with market research, builds the e-RAs, trains
bidders. and runs the ¢-RA bidding cvents during this time
period.

Are Third Party e-RA Service Providers Available?

Table | shows some ol the ¢-RA serviee providers. Note that
providers ofler varying levels of service ranging from software only
to full service. A unit with a complex requirement and limited time
or resourees to conduet market research could benefit from the
assistance of a full-service provider. The Tirst business model above
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resistance from other functional areas in the
organization.

Electronic reverse auctions use should be evaluated
by the Defense Contract Management Agency
when conducting contractor purchasing system
reviews to ensure contractors are securing fair and
reasonable prices from subcontractors. Firms
outsource most of their revenue to suppliers. If
prime contractors are not maximizing e-RA use,
then prices (ultimately passed on to the US
government) are likely higher than they could be.
While e-RAs force contractors to squeeze profit
margins, they also force suppliers to become more
efficient by reducing their operating costs.

Each military department and each civilian agency
should build the supporting structure to support e-
RA use. This includes establishing an e-RA center
of excellence (as is common in industry),
developing and deploying e-RA training to include
a DoD guide, communicating the availability of e-
RA software, incorporate e-RA training through the
Defense Acquisition Workforce Improvement Act
certification process, and motivating e-RA use with
incentives (promotion, recognition, future
budgets). Implementing these changes should assist
federal government agencies in reaping the full
benefits of e-RAs.

Article Acronyms

CAPS - Center for Advanced Purchasing Studies

CECOM - Army Communication-Electronics Command

CLIN — Contract Line ltem Number

CO - Contracting Officer

DIBBS — DLA-BSM Internet Bid Board System

DoD — Department of Defense

DSCC - Defense Supply Center-Columbus

EAM — e-RA Appropriateness Model

e-RA — Electronic Reverse Auction

FAR — Federal Acquisition Regulation

FPDS-NG - Federal Procurement Data System—Next
Generation

FPR - Final Proposal Revision

FY — Fiscal Year

GSA - General Services Administration

LPTA — Lowest-Priced, Technically Acceptable

OFPP - Office of Federal Procurement Policy

SAP — Simplified Acquisition Procedures

SSA - Source Selection Authority




Phase 1:
Requirement
Evaluation

Phase 2:
Market
Research

v

Are the requirements
' highly specifiable?

l v

Phase 3:

Execution

v

Does your organization
have people trained in
e-RA usage?

o a sufficient number
of technically qualified
suppliers (3-5) exist?,

ill leadership support
-RA as part of the
acquisition strategy?

Is a sufficient number
of suppliers attracted to,
your business?

Does successful
supplier performance NOT
highly depend on strong or

close buyer-supplier
relationship?

If you have a transactlon
cost associated with e-RA,
willl your savings
exceed your
transactlon costs?,

v

Is the requirement
sufficiently stable (few
changes expected)?

If your organization is
Inexperienced with e-RA, are
you willing to add some (minimal
acquisltion lead-time to

Integrate the e-RA
Into source selection?

v

~ X

| Is the requirement for
( noncritical or leverage
i spend?

Are third party
service providers or
software available?

v

AN

If conducting the
procurement In reglons where
It Is not customary, Is online
bldding NOT contrary to
cultural norms such that
conflict will not be created?,

AN

v

Do aii prospective
bidders have reiiabie
and secure access
to the Internet?

N

Figure 1. e-RA Appropriateness Model (EAM)
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offers convenienee and speed to the

buyer because funding and contracting
for e-RA support is not necessary. For
more seasoned e-RA users, the Army
Communication-Electronics
Command’s (CECOM) no-eost software
or Ariba’s soureing tool (also no eost)
might suit their needs better because
experienced, available in-house COs will
have the requisite knowledge to build the
e-RA, conduet market research to find
and build interest in the supply base,
train offerors on use of the tool, and
conduct the bidding event.

DoD’s Use of e-RAs
Attracted by success in the commereial
sector, the US Navy launched the first
federal e-RA with the assistance of a third
party, commereial e-RA provider in May
2000. That same month, CECOM
launched two e-RA events of its own. The
results were compelling. The Navy saved
28 pereent, totaling $830,000, while
CECOM netted savings of 20 percent
and 50 pcrecent respectively.® In
September 2000, the General Serviees
Administration (GSA) launched an e-RA
platform of its own called Buyers.gov.
Ovcr the following three months, 212
events were conducted. with one buy
saving $2.2M on a procurement valucd
at $10M.* Around this same time period.
the Defense Supply Center-Columbus
(DSCC) launched its own e-RA
application called DLA-BSM Internet
Bid Board System (DIBBS) to target
acquisitions less than $25.000. Besides
the typical 20 percent cost savings,*
DSCC officials observed an 84 pereent
lead-time reduction—from 87 days to
just 14.%7 By August 2000, DIBBS
awards exceeded 4.500 contracts.™
Currently, both CECOM and the Navy
offer e-RA services to their commands.
Table 2 shows how civilian ageneics
have experimented with e-RA usc as well.
Despite cost and cyele-time savings
available from e-RAs. the DoD has not
set uniform e-RA policy. goals. or
metries despite pressure from exeeutive
and congressional leadership to reducc
costs through strategic sourcing and
commereial best practiees.” While e-RA
use differs across the military services,™
the spend analysis that follows shows
that use substantially lags opportunity.
Since 2000, the US Army has conducted
10.913 auctions, with a total savings of
$100.7M. In contrast, data from FedBid
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Phone . Level of
Provider Emall Nbr Web Site Birvice
1-650- Full
Ariba” Contact Us Form 390- www.ariba.com o
ervice
1000
Blemtonisot Customer-service ;88932 www.chemconnect | Full
@ chemconnect.com 9619 | -com Service
1-703-
Saleslead Full
Exostar QR o 561- www.exostar.com Seiics
0500
: ; 1-877-
; ClientServices - Full
FedBid @FedBid.com 933- www.FedBid.com Emal
3243
1-800- Fill
HedgeHog sales@hedgehog.com | 208- www.hegdehog.com Servi
ervice
2335
1-317- Full
IASTA support@iasta.com 594- www.iasta.com Servi
ervice
8600
1-412-
OnDemand sales@ 454. | www.ondemand Full
Sourcing ondemandsourcing.com 5550 sourcing.com Service
1-877-
(P:i:,lenite - insight@perfect.com 871- www.perfect.com g:]rlvi e
3788
1-800- Full
Sorcity ContactUs@sorcity.com | 525- www.sorcity.com SR
2401 ervice
USAAVE Links to help desk are i hitps://usave. Software
. 427- -
(US Army) on website 1633 monmouth.army.mil | Only

*Ariba’s e-RA application (self-service) is available to Federal agencies for no fee
under a government contract through NAVICP Mechanicsburg and DLA (DSCP).
Contact Judith Flores at DSCP (215-737-3865) to establish a user account.

Table 1. e-RA Providers

Agency (;;E:t T:,;%Zt lI\;v:,’iZ;d Savings ($) |Savings (%)
DHHS 160 $8,702,910 $7,303,318 $1,399,592 16.10%
DHS 1,789 | $256,627,681 | $235.435.869 [ $21,191,811 8.30%
DOC 67 $4,613,605 $4,239,962 $373.643 8.10%
DOE 17 $368,776 $343,954 $24.822 6.70%
DOJ 192 | $14,156,306 $12,791,797 $1,364.508 9.60%
DOS 1,590 | $140,986,334 | $125,547,482 | $15,438,852 11.00%
DOT 17 $2,408,938 $2,261,472 $147.465 6.10%
EPA 173 $4,279,334 $4,004,659 $274675 6.40%
GSA 283 | $33,074,838 $30,767,155 $2,307,683 7.00%
IAGC 216 | $14,071,487 $12,506,986 $1,564,501 11.10%
NASA 31 $565,439 $492,625 $72,814 12.90%
SSA 20 $895,335 $841,087 $54,248 6.10%
TREAS 131 $7,141,771 $6,535,051 $606,720 8.50%
VA 127 $2,701,748 $2,392,352 $309,396 11.50%
Note: Figures denote e-RA usage through FedBid only.

Table 2. Other Agencies Using e-RAs




and Sorcity indicates the Air Force has conducted approximatcly
315, with a total savings of $5.4M. These numbers suggest the
Air Force is leaving considerable money on the table by not using
more e-RAs.*' However, nearly all ol the 315 transactions were
initiated and conducted by the GSA on behalf of the Air Foree.
While the scope of this research does not include an explanation
of the seemingly low diffusion ratc, probable barriers to
implementation include a high operational tcmpo since 9/11, a
lack of leadership emphasis, a lack of policy or guidance, a lack
of training, a lack of ¢c-RA awareness, structural barriers (such as
lack of or unknown access to ¢-RA service providers and their e-
RA soltware applications). perceived risk of bid protests, the
DoD’s lack of accountability for minimizing total ownership
costs, and the prioritization of translorming procurement
structures for strategic sourcing —efforts that have netted the Air
Force $98M in cost avoidance in fiscal year (FY07).*> Nonetheless,
with such a need for cost savings. it is puzzling why a
commercially mature capability like e-RA with such a substantial
potential for tangible savings, and with pockets of demonstrated
success, has not been pushed harder at the agency level.

Methodology

We followed Yin's case study methodology to examine the ¢-
RA used to sourcc gencrators in Kuwait. ** We also adopted
recognized procedures for conducting a spend analysis.*
According to Yin,* a case study methodology is appropriate
when three conditions exist.

® The type of rescarch question is exploratory in nature and
takes the form of a whar question.

* The researcher has no control of the behavioral events being
rescarched (cannot manipulate behaviors then measure results
as in a controlled experiment).

® The focus is on contemporary events.*

Our research met all three of these criteria. A qualitative
rescarch design best answers: what lessons from this case may be
leveraged for further e-RA use by the DoD?

The research design required us to conduct interviews with
Air Force and Army procurement officials outside of the event;
gather and analyze spend data; and gather regulatory, policy,
and procedural information surrounding federal procurement and
¢-RA use and training throughout the DoD. Qualitative rescarch
combines a number of different data collection methods including
archives. interviews, and questionnaires.”” We conducted 14
interviews, and recorded and transcribed each. To ensure validity,
we sent transcripts to each informant to verify their accuracy —
no exceptions were noted. Informants included the contingency
contracting officer, three of the bidders. one prospective
subcontractor, one nonbidder. two project engineers. a stafl
officer from Headquarters Air Forces Central. a member of
CECOM. and two e-RA scrvice providers. We conducted lollow-
on interviews with two bidders in order to verify initial ideas.

We also collected archival data to include 58 e-mails: 17
contractual documents; Air Force FY07 and 08 spend data: top-
level FYO1 to 06 Air Force spend data: policy memos; Army.
Navy, and Air Force ¢-RA spend data: and trend data from e-RA
providers on e-RA use. The data was used to construct and
validate the EAM and to understand how the e-RA was integrated
into a best-value source selection.

Spend Analysis

We conducted a spend analysis to identify areas ol spend that
are appropriate for sourcing via e-RA. then to forecast potential
savings. Our methodology entailed the following.

® Obtained Air Force spend data for FY07 and 08.

¢ Sorted Air Force spend data to remove categories that were
not appropriate for ¢-RA use. Categories included all rescarch
and development (typically is not specifiable, is highly
relational, and entails fluid requirements): all contract types
other than firm-fixed price. fixed-price-with-economic-price-
adjustment, and fixed-price-award-fee (indicators of low
specifiability and Iuid requirements): construction (highly
susceptible to post-award changes): and all contracts not
awarded under full and open competition.

From the preceding step. we estimated a typical percentage
of total spend that was aucrionable (appropriate) based on the
FY07 and 08 data.

® Obtained FYO1 to 09 Air Force and DoD procurement spend
from the Federal Procurement Data System-Next Generation
(FPDS-NG).

* Applied an average 20 percent savings to the auctionable
(appropriate) portion of FYO!1 to 09 Air Force and DoD spend
data.**

In order to maximize objectivity, we used two very different
approaches to identify a range of potential savings. Method one
(abovc) filtered out inappropriate e-RA requirements and method
two applied an industry benchmark of total spend typically
sourced via c-RA. According to Monzcka et al., industry sources
2.58 percent ol its total purchases using e-RAs.* A weakness of
this report, however, is that it was based on a small sample size
of 17 firms. Additionally. given the 4 percent response rate to
their survcy, its external validity is questionable. Using the two
methods, the DoD’s probable. appropriate usage of e-RAs can
be expected to fall within this range.

Results

Spend Analysis
Method 1. Removing the contracts described above reduced
FY07 spend from $70.2B to $17.7B. leaving 25.22 percent of
total spend being deemed appropriate for e-RA sourcing.
Applying the same methodology. we reduced the FY08 spend
from $63.6B to $16.9B. or 25.13 pcrcent ol total spend being
deemed appropriate for e-RA sourcing. We then averaged both
percentages to reach a two-ycar average c-RA appropriate spend
as a percentage of total spend (25.18 percent). According to this
method, on average, 25.18 percent of the total Air Force spend
could be awarded using e-RAs. We then applied the two-year
average to FYOI to 09 to calculate an annual amount of spend
appropriate for e-RA sourcing. Finally. we applied an industry
average savings ol 20 percent to the e-RA appropriate total for
each year, leaving a potential Air Force savings of $25.35B for
FYO01 to 09.%

Method 2. Using the Center for Advanced Purchasing Studies
(CAPS) benchmark (2.58 percent). we multiplied the total spend
for each year by 2.58 pcrcent to determine an amount appropriate
for c-R A sourcing. which wc label as Method 2, e-RA Appropriate
Spend. Finally, we applied the industry average savings of 20
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percent to the CAPS benchmark to determine a potential savings
for the DoD. Air Force. Navy. and US Army for FY01 to FY()9
(see Table 3). Taking the Air Foree as an example. the potential
$2.59B savings are 12.88 times the actual combined Army. Navy,
and FedBid savings of $201M.

Taking the two methods together. we can conservatively
conclude that the potential savings for the Air Force for FYO01 to
FY09 was between $2.59B and $25.35B. or between $288M and
$2.82B per year.

For the DoD, the total savings using method one resulted in
$117B and $11.9B for method 2. By providing a range from
maximum auctionable spend (using spend analysis) to a
conservative estimate (using an industry benchmark). the
estimates sufficiently demonstrate a significant potential for
savings using e-RAs (see Table 4).

FAR-Compliant e-RA Process

According to CECOM, there are several reasons COs are not
using e-RAs for more complex. best value acquisitions (pursuant
to either FAR Part 12/13 or FAR Part 15.Contracting by
Negotiation). First, simple

processes for most types of source selections ranging f r o m
simplified acquisitions to full trade-oft procurements
pursuant to FAR Part 15. These flowcharts should help reduce
CO learning curves, minimize protest risk. and provide guidance
for implementation by explaining the e-RA-specific tasks and
how they integrate into a federal source selection. Figure 2
highlights extra steps COs will need to include in their
acquisitions. The following discussion describes cach additional
step in morc detail (shaded or partially shaded). Rather than
address each model separately, we focus only on the simplitied
acquisition procedures Lowest-Price, Technically Acceptable
(SAP: LPTA) model. This model has the greatest propensity for
usc, entails the assessment of nonprice factors, can be used with
minimal additional steps. and uses streamlined procedures in
aceordance with FAR Part 13.

Step 1: Thoroughly Define Requirement. An e-RA adds value
when bidders share a common understanding of the required
supplies and services. and can bid it at a fixed price. Additionally,
the requirement should be sufficiently determined to minimize
post-award changes.

auctions are easiest to set up Potential
and execute. Another e-RA
Potential Potentlal
reason is complexity, both — Contract P:tential Ie-::‘A Annual PApproprlatet Annual
on the side of the buyer and YZZ? Doliar Pool Prggtz‘:gr:u::t & Savings Q;cgirlﬁr::; . Savings @
supplicr. CECOM’s US Available ($ Blllions) @ 20%, Using 20%,
Army Auction and Method 1 Benchmark Method 2
Valuation Engine platform Method
has the capability to | pyo1 | $40,658.636.487 | $10,235.811,735.60 | $2.047.162,347 | $1,048,992,821 | $209,798,564
conduct multi-line | pyoy | 547398 465,802 | $11.932,563.765.65 | $2.386,512.753 | $1.222,880,418 | $244 576,084
auctions, as well as full = P ] e — rT——— 5
tds et A hens wail Y03 5,554,711, $13,985,898,506.84 | $2,797,179,701 $1,433,311,545 $286,662,309
0 onprice factors. such FY04 $55,047,330,757 | $13,858,165,518.07 | $2,771,633,104 $1,420,221,134 $284,044,227
as delivery schedule, FY05 $55,581,405,190 | $13,992,618,756.58 | $2,798,523,751 $1,434,000,254 $286,800,051
warranty, and qua“‘)’- To FY06 $62,656,276,631 | $15,773,717,641.85 | $3,154,743,528 $1,616,531,937 $323,306,387
date. fCOS hhavelsb‘“re" FY07 | $70,210,415,739 | $17,707,066,849.38 | $3,541,413,370 | $1,811,428,726 | $362,285,745
away from the tool because [ ey o0 | g3 536,840,892 | $15,991,938,116.16 | $3,198,387,623 | $1,641,830,495 | $328,366,099
it may be perceived that
adding nonprice factors FYQ09 $52,746,175,463 | $13,278,849,672.81 | $2,655,769,335 $1,360,851,327 $272,170,265
into an auction and the Total § Available
use ()f an alg()ri[h m to for e-RA Use 5126,756,630.563 $25.351,326,1 13 $2.598.009.731
determine the winner may (fom FY01 FY09)
increase the chance of a bid FY07 e-RA —
protest. Finally, the lack of 25%:309":;‘:‘ % o
. e-
best-value c-R.A.expcncnce Appropriate % 25.13%
among practitioners has AVG FYO7/FYO08
resulted m a natural barrier Appropriate % 25.18%
i I Table 3. Air Force Spend Analysis FY01 — 09
who want to incorporate
e-RAs into best value
acquisitions face a learning e-RA Appropriate
; 3 ti Potentl

curve, perceived protest Organization Total Spend (from |Spend (from FY01- I;(;tvelr':ggl S(;:Ir'\‘tgasl
risk, and—at least FY01-FY09) FY09 at 25.18% of (Method 1) (Method 2)
initially —some added Total Spend
procurement lead time. For | CONUS Agency Level
flowcharts covering other USAF $503,490,258,011 | $126,756,630,562 $25,351,326,113 $2,598,009,731
types of source selections, USA $788,479,482,606 | $197,030,573,008 $35,279,475,857 $3,645,645,373
contict the lead. author. USN $600,671,375,441 | $151,219,018,767 $26,660,817,006 $2,732,270,422

Therefore. we provide DoD $2,324,437,837,203 | $585,177,225,516 | $117,035,445,103 | $11,994,099,240

COs FAR-compliant
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Steps 2 and 3: Assess e-RA Appropriateness and Select e-
RA Provider. Both of thcse steps were previously described.

Step 4: Determine e-RA Lotting Strategy. A lotting strategy,
in gencral, allows a buyer to structure the e-RA in a manner for
suppliers to efficiently bid on the requirement.”' It resembles a
contract line item (CLIN) structurc. For example, a buyer may
have 500 line items of supplies to place on contract and, after
market research, may determine that he or she can get maximum
bidding at a better price if he or she divides them into five separate
groups (CLINs or bid lots). This allows suppliers to bid in
subcategories that are more suited to their market niche or area
of expertise while not having to bid on all CLINs or bid lots.
Sometimes, awarding multiple contracts will allow the buyer to
achieve the lowest total price by cherry picking the lowest bid
from cach lot and awarding multiple contracts. The key, according
to Sorcity, is to balance the buyers’ needs to the suppliers’
capabilities. Third party providers, like Sorcity. can help identify
optimal lotting strategies based on their experience with e-RAs
and their knowledge of cost drivers of the requirement and cost
structures of the market. In the ¢-RA for generators, the squadron
commandcr conducted initial market research and determined
to use a single lot because therc were sufficient distributors or
resellers that could provide the entire lot and multiple awards
were not practical.

Step 5: Schedule e-RA. COs should schedule the date for the
e-RA after negotiations on nonprice factors have concluded
because negotiation time is highly variable.

Step 6: e-RA Service Provider or Government Provide
Training to Offerors. It is a good idea to provide offerors
training on using the bidding software prior to the event. Most
e-RA service providers offer training either through a tutorial,
which can run mock auctions for practice, or through hands-on
training. Buyers should ensure that cach bidder understands the
auctioning software. the auction duration. rules regarding
overtime, and how to handle contingencies during the bidding.
Levels of support vary; therefore, buyers who are new to e-RAs
will need to either develop their own training or ensure the e-RA
service provider can provide training.

Step 7: Conduct e-RA Bidding Event. Contingencies, such
as Internet interruptions, should be considered during
solicitation planning and be addressed in the instructions to
offerors. Simple mechanisms, such as having the provider and
buyer on telephone standby to be able to place and receive
manual bids. pausing the auction, and providing recal-time
assistance can help overcome these hurdles. Improper handling
of the auction itself could result in a protest; thus, buyers need
to plan for the unexpected.

Step 8: Capture e-RA and Spend Data. Capturing spend data
helps provide buyers an accurate, historical database of market
prices for goods and services (compared to non-¢-RA prices). It
also provides data to senior strategic sourcing planners for
analysis, rcporting, planning. goal setting, and organizational
improvement.

Integrating e-RAs Into Full Trade-Off Source
Selections.

Electronic reverse auctions can be integrated into full trade-off
source selections by using either SAP or formal procurements
under FAR Part 15. There arc three different means to do this.
First, different e-RA service providers’ auctioning applications
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provide different functionality. Generally, many offer multi-
attribute bidding where certain factors, such as price. delivery.
and quality are assigned weights. These factors can be
dynamically bid in real time where a composite score indicatcs
the best valuc. Since these scores arc mathematically derived.
they violate some agencies’ procurement policies (those that
require qualitative ratings such as the Army and Air Force). While
this method could be used with SAP, it would violate FAR Part
15 procedures. Therefore, it 1s not further discussed.

The second method entails the tradc-off of predetermined
levels of objective. nonprice factors and allows these varying
performance levels to be bid dynamically during the e-RA. For
example, a CO may need to assess the value of taking faster
delivery or of acquiring higher quality. To do so would require
a special construction of bid lots shown in Table 5. Essentially,
the CO would need to build a bid lot (resembles a CLIN) for each
possible combination of levels of nonprice factors —in this case
delivery and quality. The solicitation would need to statc the
relative importance of price and nonprice factors. Assume for this
example that, taken togcther, nonprice factors are as important
as price. With the following lowest bids per offeror per bid lot
taken from the e-RA, the source selection authority’s (S§SA)
integrated assessment must consider these prices and performance
levels.

This bid scenario from an e-RA-enhanced procurement poses
no different challenge or process for the SSA than any other full
trade-off source selection. The SSA must assess the value of
higher performance levels traded off against price differentials
(see Table 6). Here, the SSA may choose to go with basic
performance levels awarding to offeror D for $415.000, or award
to offeror D for $518.000 and take delivery 60 days sooner.
Alternativcly, if the benefit of an extra year of warranty coverage
exceeds the added cost, the SSA may elect to pay a quality
premium of $81.000 and award to offeror C for $496,000, 1f
delivery and quality are valuable, the SSA may deem the best
value is provided by offeror C who is the lowest with a 60-day
delivery and 2-year warranty. As usual. the SSA would be
constrained by the language of the solicitation as to the relative
importance of price and nonprice factors and would need to justify
the trade-offs. The benefits of cxecuting this trade-off via an e-
RA are the cfficiency (speed and minimum cffort} of negotiations
in cach lot (in each possible combination of performance levels)
and the intense competition offered by e-RAs in cach lot.

Using a third method. a CO could integrate an ¢-RA into a
full trade-off source selection where objective performance levels
and ratings are not possible. For example. if the government must
(in order to manage risk) evaluate the offeror’s experience or
technical approach, subjective ratings are necessary. In this case,
the source selection process would be nearly identical to that of
a source selection not involving an e-RA. The only difference
would be that after conducting all of the discussions necessary
to allow offerors remaining in the competitive range to address
weaknesses, risks. and deficiencies. the CO would then schedule
and conduct the e-RA. It is important to note that by using an e-
RA in this manner, the CO may not award without discussions.
Successive bids in an e-RA held after receipt of proposals would
constitute proposal revisions. Also. after the close of the e-RA,
the CO must request and evaluate final proposal revisions (FPR),
wherein the offeror could again alter its price —upward or
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downward. If, in its FPR, the offeror makes no change to its price.
the offeror’s last bid price in the ¢-RA would be the evaluated
price that would be traded off with nonprice factors in accordance
with the best value provisions of the solicitation.

Conclusion

The federal government has much to gain by incorporating c-
RAs into its source sclections. However, caution must be
exercised. This research aims to ease the learning curve for COs,
helping to ensure ¢-RAs are used prudently and only for
appropriate buys. First, we identify a potentially significant cost
savings that the Air Force and DoD as a whole could obtain using

e-RAs, Second. we presented an EAM to assist COs in identifying
requirements appropriate for e-RA sourcing. Finally, we provided
a FAR-compliant process flowchart. which shows how to
incorporate e-RA into federal procurements. Our process models
indicate where e-RA-specific steps are nceded and the elements
in each step necessary to reduce protest risk and increase the
elfectiveness of the e-RA.

According to our data analysis, the Air Force and DoD are
leaving billions of dollars worth of savings on the table ecach year
by not using e-RAs strategically. Analyzing spend data using
two methods provides a range of potential savings of $2.59B to
$25.35B for Air Force spend and $11.9B to $117B for the DoD.
Even by using a more conservative benchmark. the DoD and
its agencics are clearly

Table 5. Bid Lots

12

ltem* Supplies/Services Quantity| Unit Fl,.lnlt Total Amount undcru{{lf"']g acRiNa™ Thus,
rice paradoxically. the government
0001 Firm-Fixed Price. 10 EA $ is opting out of opportunitics
Deliver and install for substantial savings at the
;tc:ac:r(‘)(lj'z;r?:en\i/:?rtlot;lsem samie time it is seeking contract
attached statement of spend reductions of 7 percent.”
work. FOB: Destination : P

Delivery: 60 Days ARO. Managerial Implications
Warranty: 1 Yr First, the DoD is failing to
0002 Firm-Fixed Price. 10 EA $ i achieve maximum savings by
Deliver and install limiting e-RA use to simplified.
standby generators in low-dollar acquisitions.
Zgg%;ldeadngfamrt;g:teot Substantially greater savings
work. FOB: Destination arc obtainable through
Delivery: 90 Days ARO. strategically identifying goods
Warranty: 1 Yr or scrvices in large volume in
0003 Firm-Fixed Price. 10 EA DS order to maximize economies of
Etglrll\:j%;agn:ngﬁtag:'s - scale. While focusing on simple
sccordence b the commodities saves cycle time,
attached statement of our research indicates that
work. FOB: Destination contractors have more room to

Delivery: 120 Days bargain with larger volumes.
A‘RO. YVarranty: 1 ¥ Second. fair and reasonable
2945 Ele;?v-grlxaenddﬁrzlsiill L Ea $ prices. in many cases, are not
standby generators in being obtained where e-RAs
accordance with the are appropriate but not being
attached statement of used —by an average margin of
work. FOB: Destination 20 percent.™ While fair to the
‘?vzl:‘r’ae;‘&:eg erasys ARS: seller. prices obtained without
0005 Bt -Exct Prict: 10 EA A an ¢-RA are hardly fair to the
Deliver and install buyer, and certainly not
standby generators in reasonable. For example. by
accordance with the obtaining at least two offers or
w(t)?ﬁhgg;t_a[;?ﬁ:; ti(z)tn quotes. COs declare their prices
Deli\;ery: éo Days ARO. to be lair and reasonable;
Warranty: 2 Yrs whereas. in reality, they may
0006 Firm-Fixed Price. 10 EA (. 193 g, not be. “The mere presence of
Deliver and install competition is inadequate to
standby generators in assure that the prices proposed
:ggg;ldeadngfargge::teot are fair and reasonable.”™*
work. FOB: Destination Additionally, COs and buying
Delivery: 120 Days aectivities are not held
ARO. Warranty: 2 Yrs accountable for obtaining
*Note: The government will award onIy_o‘ne‘of the bid lots above in accordance with the best optimal, fair, and reasonable
value evaluation criteria stated in the solicitation. prices or costs. While

acquisition professionals must
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secure the best value, this is a nebulous term. * It is true that more
goes into value than price or cost alone. However, when industry
procures the same or similar commercial items and services for
substantially lower prices or costs using e-RAs, the government’s
best value determinations are, at best suspect. and at worst.
CITONCOUS.

Government buying activities are principally assessed by three
metrics: contract award dollars. number of contracts awarded. and
procurement lead time.”” The Government Performance Results
Act of 1993 requires that organizations measure themselves
against desired outcomes. Is price or cost performance not a
desirable outcome”?

Research of the many studies conducted by the Navy indicates that

the hierarchy may not be interested in how efficient a contracting

office performs. Instead. it appears that they are more interested in
appeasing the interests of their many stakcholders.™

In contrast, industry procurement activities are strictly held
accountable for price and cost. Common metrics in¢lude:

1. Target prices —based on cost reduction goals, product and service
budgets. and competitor prices: 2. Cost reduction (comparing actual
prices paid in a current period 1o actual prices paid ina prior period )

3. Rate of actual price change to market index rate of change: [and|

4. Cost avoidance. ™ There is enormous wiste in government
procurements...[and| the problem is not the people. it is the
processes being vsed.”

Recommendations

The following recommendations provide a way forward. First,
add e-RA data collection to contraet action reports and to FPDS-
NG. Capture that an e-RA was used, whether it encompassed an
evaluation of nonprice factors, and savings from the independent
government estimate. Sccond, the Air Force should set goals for
use and routinely track progress toward goals. Research indicates
a“top-down implementation approach to e-RAs is more effective
than a bottom-up approach in mimimizing resistance from other
functional areas in the organization.™" Third. e-RA use should
be evaluated by the Defense Contract Management Agency when
conducting contractor purchasing system reviews to ensure
contractors are securing fair and reasonable prices from
subcontractors. Firms outsource most of their revenue to
suppliers. I prime contractors are not maximizing ¢-RA use. then
prices (ultimately passed on to the US government) are likely
higher than they could be. While e-RAs force contractors to
squeeze prolit margins, they also force supplicrs to hecome more
ctlicient by reducing their operating costs. Finally. each military
department and cach civilian ageney should build the supporting
structure to support ¢-RA use. This includes establishing an e-
RA center of excellence (as 1s common in industry). developing
and deploying e-RA training to include a DoD guide,
communicating the availability ol e-RA software, incorporating
¢-RA training through the Defense Acqnisition Workforce
Improvement Acr certification process. and motivating ¢-RA use
with incentives (promotion, recognition, future budgets).
Implementing these ehanges should assist federal government
agencies in rcaping the full benefits of e-RAs.

Future Research
The following areas could provide added value to the DoD as a
buying activity or to ¢-RA theory in general. First, explore why
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Bid Lot 0001 Bid Lot 0002 Bid Lot 0003
Del 60/Warr 1 Yr| Del 90/Warr 1 Yr |Del 120/Warr 1 Yr

Offer Price Offer Price Offer Price
D $518,000 D $423,000 | D $415,000
B $526,000 B $441,000 | B $441,000
A $533,000 C $452,000 | C $452,000
C $534,100 A $455,000 | A $453,000

Bid Lot 0004 Bid Lot 0006
Del 60/Warr 2 Yr| Del 90/Warr 2 Yr |Del 120/Warr 2 Yr

Bid Lot 0005

Offer Price Offer Price Offer Price
C $589,400 C $496.000 | C $496,000
D $602,300 D $513,000 | D $525,000
B $610,000 A $527,000 | A $539,000
A $619,000 B $540,000 | B $540,000

Table 6. e-RA Resuits

the Air Force has lagged other Scrvices in ¢-RA use. Very few e-
RAs have been conducted by the Air Force while the other
branches have conducted hundreds. saving over $100M from
2000 to 2009. Rescarchers should explore the slow diffusion to
understand better the structural barriers in place. Second.
inaccurate and incomplete contract award data could be
improved. During our CLIN-level analysis ol FY07 and FY08
Air Force spend data, we discovered that it was not possible to
accurately categorize and sort transactions into strategic buckets
becaunse the product service code or lederal supply code data was
cither not entered at the CLIN level or contract writing systems
are not eapturing and importing the data into FPDS-NG and the
Contracting Business Intelligence System. Additional research
into the causes of Jow data fidelity could help strategic sourcing
leadership conduct more accurate spend analyses.

Study Limitations

This rescarch was not without limitations. Fivst. the rescarch was
based on a single case study. Ideally, we would have preferred to
compare responses from informants across multiple bidding
events in order to increase the range, numher. and depth ol
observations contained in the data—build credihihty.™ Sull, we
made every effort to increase credibility hy triangulating data
and by including interviews of the entire logistic chain trom end
users to a second-tier supplier. " Another limitation was the
methodology we used to conduct the spend analysis. Because
of the inaccuracy of CLIN-Ievel data from FPDS-NG. we had to
conduct our data analysis at the contract level. This essentially
meant that large eost-type contracts may have included smaller
tixed-price CLINS that were appropriate for ¢-RA use. but were
excluded from our analysis since 1t was all coded as cost
reimbursement. Additionally, FYOI to 06 FPDS-NG data pulls
were limited to total spend hecause eontract-level data for the
Air Force, Navy, and Army was not availahle or accurate prior to
FY07. Finally. since we could not closely evaluate every
transaction, and because of the aforementioned weaknesses in
the data, undoubtedly some transactions that are truly
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inappropriate for e-RA use werc included in (and therefore
inflated) the e-RA-appropriate percentage (25.18 percent).

Summary

While the e-RA is not appropriate for every transaction, our
analysis indicates the DoD is leaving billions of dollars on the
table by not incorporating it into larger acquisitions involving
noncritical and leverage typcs of spend.® Put into perspective,
using the most conservative method of analysis, the potential
savings generated by e-RA use over the past nine years could
have funded the following high priority platforms.

* Air Forcc: 65 RQ-1 Predators. Price: $40M each®
* Navy: 78 F-18 E/Fs. Price: $35M cach®
* Army: 2,800 MRAPS II: RG-33s. Price: $1.3M each?”

Our analysis sends an important message: An e-RA is a
powecrful tool that, if used appropriately, has the potential to
increase transparcncy. competition, efficicncy, and taxpaycr
savings. The tools provided herein arc designed specifically to
help COs overcome structural barriers including training,
operational tempo, and a lack of e-RA policy and guidancc.
Specifically, our processes and models should hclp COs select
appropriate requirements, contact e-RA service providers for
assistance if necessary, and appropriatcly structure e-RAs for
optimal savings, compliance with the FAR. and minimum risk.
Finally, the DoD levied a $100 billion savings goal over the next
five years, and the federal government has a mandate from the
Office of Management and Budget (OMB) to rcducc contract
spend by 7 percent by FY11.% Further, the OMB mandated that
agencies must negotiate morc favorably priced contracts,
implying that the government contracts at other than fair and
reasonable prices and costs. Elcctronic reverse auctions generate,
on average, 20 percent savings.®® What if an agency could reply.
“I see your 7 percent, and raise you 1377
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Introduction

ontinuous process improvement has become the primary
means for addressing the myriad of constraints that
Airmen face. The idea of doing more with less has slowly
given way to doing the right amount
of work with the finite capacity
available. The elimination of
nonvalue added work. waste, and
processes redundancies has enabled
workers with the ability to right-size
workloads to the resources availablc,
The latest innovation along this vein
is the high-velocity maintenance
(HVM) concept being tested in a pilot program at Warner Robins
Air Logistics Center (ALC). This program holds great promise,
but its success is dependent upon factors outside of direct
program control. One such factor is depot backshop support. The
responsiveness and capability of the backshop will be critical in
enabling HVM to deliver the anticipated gains. The case for
change, development of HVM and its principles. and overview
of the depot backshop workload prioritization process will
provide the framework for determining feasibility and areas of
concern for mitigating backshop lag that may negatively impact
HVM operations.

Driving Towards Improved Aircraft Availability
Today’s Air Force has a significant aircraft availability dilemma

that impacts almost every weapon system in the fleet. This
problem is especially troublesome in the high-demand or low-
density aircraft flects. The increasing age of aircraft, high
operational demands, reduced manpower, and ovcrall lack of
fiscal resources further compound the problem to the extent that
previous solutions provided to address aircraft availability
shortfalls have been found insufficient. It 1s within this framcwork

that the logistics community has cmbraced process improvement.
Given carlier successes, the community continues to build upon
and stretch for even further gains as evidenced in the initial
Expeditionary Logistics for the 21st Century (eLog21) goals.
These goals include a 20 percent increase across the board in
aircraft availability by year 2013, with a corresponding reduction
of operation and maintenance costs by 10 percent.! Although
the availability goals have since been modificd to reflect actual
improvements rcquired of each weapon system, the road ahcad
remains challenging for all those in the logistics business.*
Within the logistics entcrprise. the maintenance community
holds the most potential for providing the greatest gains toward
achieving the eLog21 availability goals. Utilizing a myriad of
AFSO021 tools from Lean to value stream mapping, maintainers
have already provided incremcntal success that span all levels
of the Air Force. At the unit level, gains are being madc little by
little. and perpetuated throughout the Air Force. MacDill Air
Force Base’s 6" Maintenance Group is an example where
initiatives implemented locally rcduced cach KC-135 aircraft
turn time by 30 minutes, freeing up an estimated three to four
aircraft per week for additional missions.” Other initiatives have
gone well beyond base level and have altered the entire outlook
of an aircraft fleet. Air Mobility Command’s regionalization of
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Today’s Air Force has a significant
aircraft availability dilemma
that impacts almost every weapon
system in the fleet. This problem is
especially troublesome in the high-
demand or low-density aircraft
fleets. The increasing age of aircraft,
high operational demands, reduced
manpower, and overall lack of fiscal
resources further compound the
problem to the extent that previous
solutions provided to address
aircraft availability shortfalls have
been found insufficient.

Continuous process improvement is considered by
many as the best means for addressing the problem of
meeting seemingly unlimited demands with finite
resources. As the idea has matured within the Air Force,
it has taken on a personality of its own in becoming
AFSO21. Even with its formalization, the myriad of
process improvement initiatives being undertaken
throughout the Air Force remain mostly localized and
limited in scope. One of the few examples of process
improvement that strives to break out from mainstream
is the high-velocity maintenance (HVM) pilot program
that is being adapted to programmed depot maintenance
operations at the Warner Robins Air Logistics Center.
The success of this concept will rely heavily on factors
currently outside of the center’s control as well as
difficult adjustments within its own organizations. If
proven, the concept will serve as a good example of how
process improvement can be accomplished on a vastly
larger scale and may serve as an informative case study
on process reengineering organic operations.

There is one primary factor affecting proper
execution of aircraft programmed depot maintenance
orchestrated under the high-velocity maintenance
construct—scheduling chaos. The capacity to overcome
unforeseen maintenance requirements is critical for
HVM as the compressed time line makes such

18

C-5 isochronal inspections is one such success story whcre
productivity, quality, preventive maintenance, economy of scale,
and aircraft availability all trended in positive directions. The
bottom line on the efforts was the dramatic reduction of the
maintenance cycle from an average of 25 days to 14 directly
resulting in 407 additional days of C-5 availability per year.*
Even broader is the Repair Network Enterprise program which
seeks to leveragc global visibility of all repairable assets,
centralized funds management. and strategic sourcing and
partnerships with industry to provide optimum logistical support
for equipment spares Air Force-wide.’ The initiatives presentcd
here are examples of the incremental successes being attained
throughout the maintenance community every day. That said,
perhaps no other area of the maintenance complex has taken
process improvement further, or holds more promise for the future,
than the ALC’s depot maintenance organizations.

It should come as no surprise that the ALC’s depot
maintenance organizations are accomplishing tremendous
things in terms of process improvement. It is within this Air Force
community that the idea began. In 1999, well before AFSO21
came into the lexicon of Airmen, the Warner Robins ALC piloted
the first continuous process improvement project utilizing an
adapted form of the Toyota Production System known as Lean.*
Very few could have imagined the gains that would continue to
be made over the next decade—and it all startcd with that limited
effort in thc F-15 wing shop. At Warner Robins ALC alonc,
aircraft depot maintenance due date performance improved from
83 percent to 96 percent while simultaneously reducing schedule
changes by 85 percent.” These gains have had a direct effect on
aircraft availability by reducing the number of depot posscsscd
aircraft. C-5 aircraft have dropped from 15 in 2003 to 7 in 2007,
and F-15 aircraft from 44 to 28 ovcer the same period. giving §
and 16 aircraft back to the warfighter respectively.* The extent
of the success at Warner Robins is further evidenced by it being
the first-ever public industry to win the Shingo Prize for
Exccllence in Manufacturing—a feat it has accomplished three
more timcs.” Given the incredible accomplishments Warner
Robins has had in its approach to improving its maintcnance
practices, it is no surprise that another ground breaking initiative
is coming from this ALC that aims to revolutionize aircraft depot
maintenance and provide yet another opportunity to improve
aircraft availability to thc warfighter. This new concept is high-
velocity maintenance.

High-Velocity Maintenance (HVM)
Perhaps no other term has invaded the vernacular and imagination
of today’s maintenance community more than high velocity. The
very idea of accelerating processes and pushing aircraft through
maintenance activitics is at the very heart of many of the kcy
initiatives that are in work today. As it relates to depot activities,
HVM is much more than accomplishing inspection and repair
requirements more quickly. It is a fundamental change in the Air
Force’s approach to programmed depot maintenance (PDM).
Much like the adaptation of the Toyota Production System,
HVM owes its beginnings to industry practices rcsident in the
commercial market and the compelling need for process
improvement. A group of subject matter experts at Warner
Robins formed a high-performance team that was chartered to
investigate current state PDM processes and industry best
practices and develop an implementable HVM concept.'” Their
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work laid the foundation for a spiral development effort that
culminates in a process that will enable continuous monitoring of
aircraft condition—a mechanic-centric focus; a single Air Force-
wide maintenance cycle: point-of use-parts. tools, data and
equipment; standard work and processes: and information-enabled
planning and execution."'

The initial review of the current state of PDM operations
identified several aspects of the process that inhibited effective
completion. First, aircraft are received into the process with limited
understanding of the platform’s overall condition. This gap
between ficld and depot maintcnance activitics creates a situation
where unanticipated damage and repair actions drive perturbations
into the overall schedule.'? Second, the long-established depot
maintenance interval, based on original manufacturer’s
recommendations, drives a must fix now mentality that increases
maintenance activities during the depot process. In a system wherc
aircraft do not return to the depot for approximatcly 60 months on
average. a strong emphasis is placed on fixing all discrepancics,
even thosc with slight potential risk for failure, prior to returning
to the end user.” This has the unintended effect of gold plaring
aircraft depot maintenance activities. Third, there are inherent
incfficiencies within the depot work environment itself. Examples
that directly impact schedule execution include technicians
completing nonvalue added work, such as gathering tools,
equipment, and supplies and the lack of kits designed to support
maintenance operations that arc accurate and complete. ™

In seeking out potential solutions to overcoming these issues.,
the team visited a number of commeercial sites including American
Airlines, Cascade Aerospacc, and TIMCO. Three common aspects
stood out across all of the companics visited. First. touch labor rates
of up to four to five times that of the ALCs were standard business
and expected.'® The high touch labor rates fostered an environment
where technicians were focused directly on repair activities and
nonvalue added work was diminished. Second, maintenance
intervals were significantly shorter for commercial repair
organizations.'® The increase in visits that aircraft made through
the repair cycles provided closer monitoring of aircraft conditions
and fostered better forecasting for repair and materiel requirements.
Lastly, heavy emphasis was placed on dctailed, reiterative work
planning. Most importantly, such planning incorporates lessons
learned from both aircraft repair and task completion in the previous
cycle.'” The combination of increased maintenance intervals
(fosters better forecasting) with the detailed work planning proved
to be a powerful means for achieving the high labor rates desired
(see Figure 1)."

The information gathered provided the background necessary
to work towards the HVM goals. The team began a pilot program
to validate HVM concepts utilizing Air Force Special Operations
Command C-130s. The nitial work focuses on dissecting the
current PDM package into four smaller packages that can be
accomplished in shorter intervals, approximately every 18
months.'” This strategy strives to improve insight into matericl
requirements by accomplishing evaluations for the next
maintenance cycle at the completion of the current one. This enables
the production support planning required to create an mtegrated,
mechanic-centric plan that strives to apply the right resources, at
the right time and place, to achieve the desired high touch labor
rates throughout the aircraft depot maintenance process.”
Additionally, the plan gocs further by intcgrating field-lcvel
isochronal (1SO) and phased inspection (HSC) requirements into
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occurrences much more acute. Given the rigidity
resident in the HVM process, the capacity to address
such events may reside within the depot’s supporting
backshops. This transfer of flexibility is not without
constraints, however, as the backshop’s competing
priorities and materiel availability must be
acknowledged and mitigation strategies developed
that best support execution of HVM operations.
Given the size of the organic depot enterprise and the
limited scope of HVM, such strategies are further
constrained in that they should be enacted in a manner
that does not negatively affect traditional aircraft depot
maintenance operations. The ability of depot
backshops to reach a balance between traditional and
HVM PDM constructs—and to deliver the
responsiveness HVM requires—may be the biggest
challenge to realizing the anticipated benefits of this
shift in depot-level maintenance.

The future of HVM shows great promise. As
operational demands remain high, this tool may
provide another avenue for squeezing even more out
of the Air Force’s high-demand, low-density fleets
within today’s fiscally constrained environment. It is
yet another example of the kind of ideas that our
innovative and outstanding Airmen, civilian and
military alike, develop every day to tackle the difficult
challenges we face.

Article Acronyms

AFMC - Air Force Materiel Command

ALC - Air Logistics Center

elog21 — Expeditionary Logistics for the 21 Century

EPP — EXPRESS Prioritization Processor

EXPRESS - Execution and Prioritization of Repair
Support System

HSC — Home Station Check

HVM — High-Velocity Maintenance

1ISO - Isochronal

PARS — Prioritization of Aircraft Repairables

PDM — Programmed Depot Maintenance

SPRS - Spares Priority Release Sequence

UMMIPS — Uniform Military Movement Issue and

Priority system
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the depot proeess. Aecomplishing this will reduce scheduled
aircraft maintenance downtime in the operational environment.*'
Last, it addresses two systemic issues inherent in the current depot
process: unanticipated maintenance requirements and the
eompelling need to conduct unnecessary repairs based on long
periods between PDM cycles. A notional chart of current and
future state depot processes is illustrated in Figure 2.

The impact of forecasting requirements and aligning materiel
support for long lead-tume items cannot be overstated. In order
to achieve the pace desired. the detailed maintenance plan will
need to be finely orehestrated in sueh a manner as to place
manpower, matericl, and requirements at finite points along the
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process in order to facilitate the high touch labor rates desired.
This approach to PDM necessitates a level of rigidity in execution
that will not be capable of tolerating a large amount of
unanticipated and unscheduled repair requirements. Although
such events should be limited due to inereased visibility of
aircraft conditions evaluated during the prior PDM, it is
unreasonable to expect that such conditions will not exist at all.
One arca that will be key to sustaining the time-critical flow of
HVM depot operations will be the depot backshops.
Understanding the proeess with which depot backshops prioritize
and schedule requirements will determine how effectively they
can integrate HVM demands into existing processes.
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Depot Backshop Support

ALC depot backshops are vital resources that have an impact
well beyond traditional depot maintenance operations. The
unique repair capabilitics that reside in the capital equipment
and an experienced workforce are in high demand throughout
the Air Force repair enterprise. In contrast to commercial aircraft
maintenance and repair organizations, depot backshops are not
solely dedicated to a particular weapons system, product line. or
ALC in which they reside. This distinction highlights the
complexity of managing a diverse workload originating from
several different sources and mecting the demands i a manner
that satisfies customer needs without adversely impacting other
customers, HVM operations will not only be another customer
competing for these limited services, but one that will require
them at an accelerated pace. The responsiveness required 1o
ensure zero lag in the HVM process requires its inputs to be
considered at a higher priority than its traditional counterparts.
Understanding the system that the backshops use to schedule
workload, its prioritization logic, and methods for addressing
shortlalls and limitations within the existing framework is critical
to determining the impact HVM and backshops will have on onc
another. This understanding will be key in developing adaptable
and effective mitigation strategics lor future use.

Aligning Depot Backshop Workload

The primary tool utilized to make backshop repair decisions is
the Execution and Prioritization of Repair Support System
(EXPRESS). EXPRESS merged and integrated several initiatives
for identifying and prioritizing depot repair requirements based
on weapon system operating requirements and readiness targets
with the aim of aiding maintenance managers in decisionmaking
in a resource-constrained environment.* On a daily basis, the
system compares operational and organic depot repair
requirements to global inventory levels and depot repair
capacity.* By combining this information the automated system
produces time-horizon based repair prioritics for Air Force
Materiel Command (AFMC) managed items based on the depot’s
ability to support the repair actions. The EXPRESS system 1s
comprised of three functional modules that work together in
deriving workload requirements.

® Prioritization of Aircraft Repairables (PARS)
* EXPRESS Prioritization Processor
® The Supportability Module

The PARS system is the

demand in order to establish priorities. The first method — the
preparation process —bases Tuture demands on operational flying
activity. The second method —the computation process —1s
based on existing stock levels.”” The outcome of this process is
a prionitized list of Air Force-centric required repair actions that
are best aligned to meet overall weapon system availability goals.
This completed list will then Teed mnto the second module of
EXPRESS.

The sccond module, EXPRESS Prioritization Processor (EPP),
applics a daily single prioritization across weapon systems
algorithms to PARS. EPP ensures an even distribution of support
across weapon systems and produces a rank ordered list of repair
requirements. EPP then adds non-PAR repair demands to this
product, such as foreign military sales and other Service
requisitions, and integrates these requirements within the
prioritized list bascd on priority code and document date.”” Once
all demands have been established, EPP produces a single
itegrated list of all repair priorities tfor cach repair shop. The
process ow Irom PARS through EPP is depicted in Figure 3. 1t
1s this integrated list that provides the source document for the
Supportability Module.

EXPRESS accomplishes an initial feasibility check ol all
repair requirements through its Supportability Module. The
module provides an automated validation ol repair viability
based on four criteria. Each requirement is checked for the
availability of a repairable carcass, parts required to support the
repair. funds availability. and backshop capacity.”™ Requircments
that fail any of these four criteria are identified at the shop level,
where workload managers have the opportunity to resolve
constraints. There are certain limitations that impact the module’s
effectiveness. especially as it relates to support of HVM PDM
operations. Inaccuracies in bench stock inventories and bills of
materiel drive inaccuracies into the supportability logic and
indirect parts and materiel are automatically excluded.” These
Issues may cause items to appear supportable even when materiel
support is not available. One positive aspect to depot operations,
however, is that carcass and funding constraints will not be
significant challenges with the aircraft being on site and funding
centrally managed by AFMC.

Prioritization Methodology

EXPRESS uses the combination of PARS and EPP to produce an
integrated list ol repair requirements. The first step in prioritizing
this list is applying the spares priority release sequence (SPRS)

first stop in establishing daily
workload requirements for WS A
each backshop. The module List

takes into account base PARS L

Ilying activity, assct

> Distribution
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Figure 3. Prioritization of EXPRESS Flow
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rules to the requirements. SPRS rules were devcloped and
approved by major command commanders during the Junc 1999
Corona and implemented the following February.*® The rules
define Air Force needs based on importance and assign SPRS
sequence numbers that give precedence to those units located at
the forefront of operational needs. Table | provides an overview
of the release sequence where repair requirements are staged by
priority, then by needs within these groupings, giving preference
to JCS mission capability requirements.*’ Given its operational
focus, dcpot requirements are not considcred during this phase
of the prioritization scheme and may evcn be delayed due to
pressing SPRS requirements.

Once SPRS priorities have been accomplished, the remaining
requirements are prioritized using optimization logic.
Optimization uses four key inputs in determining order:
serviceable stock. allowable holes, wholesale resupply lead time,
and depot man-hours needed to complete repair.” The first look
1s at serviceable stock at a particular location or stock that may
soon be available for use. Second, shortages are reviewed and
prioritized based on impact to aircraft availability goals. If a
material shortage does not prevent meeting availability goals,
then it is placed behind requirements where such an impact exists.
Third. the lead time required to keep forecasted requirements
ahead of flying-hour programs, historical failure rates, and
historical daily demand rates for assets is considered and the
requirements placed into the prioritization (at a point to preclude
negatively impacting an organization). Lastly, depot man-hours
available to accomplish repair activities are considered a limited
resource, and therefore, as a cost variable. They are factored in
with the intent on maximizing customer support within the
available man-hours. Known aircraft depot maintenance
requirements will be considcred during this process.

EPP completes the prioritization process. The combined SPRS
and optimization logic provided the majority of requircments
for repair. However, since PARS data only considers Air Force
requiremcnts, those assets required to fill foreign military sales
or other Service requirements (Army, Navy) need to be included.
EPP does this by applying a placeholder logic for items relative
to Air Force requirements based upon the uniform military
movement issue and priority system (UMMIPS). For example, if
a foreign military sale item is numbcr thrce on a UMMIPS list of
ten like items in demand worldwide, it will be integrated on the
EXPRESS listing in the same position during the EPP process.
The same approach is used for other Service back orders.
Dcpending on where these demands are inserted, depot
maintenancc requirements may be dclayed due to pressing
operational needs or eontractual obligations.

SPRS # Priority Requirement
08 1 JCS MICAP
07 1 Non-JCS MICAP
06 1 All Others
05 2-15 JCS MICAP
04 2-15 Project Code 700 MICAP
03 2-15 JCS Kit Requirement
02 2-15 Project Code 700 Non-MICAP
01 2-15 Non-JCS MICAP
Table 1. SPRS Release Sequence
22

Programmed Depot Maintenance Inputs

Traditionally, PDM requirements have remained a low priority
when compared to operational needs. The long duration of the
aircraft depot maintenance process has enabled it more flexibility
in overcoming delays resulting from constraints in the backshop
repair process. Workload managers have had the ability to adjust
within the traditional depot schedule to accommodate delays or
utilize ncwly induced aircraft with serviceable assets (as a source
for cannibalization) to address the lag in the job-routed repair
time line. These characteristics of the current PDM environment
require rethinking when applied to HVM operations. HVM does
not have the luxury of either of these approaches. The
responsiveness of backshops in the HVM construct becomes
much more significant as a result.

Fortunately. few areas in the backshop environment work job-
routed and EXPRESS items concurrently. For those sections that
must accommodate such workloads, demands arc handled
manually by workload managers. The most pressing constraint
that a job-routed repair will incur is raw material and consumable
supply supportability. Where supportable and operational
demands permit, aircraft job-routed items are inserted
immediately into the repair process. Although the rcpair
requirements of job-routed items are typically lighter. their
inclusion into the backshop’s scheduled workload decreases
overall efficiency and exaggerates preexisting technician and
equipment resource constraints. The optimum solution
employed currently is to divide workload and assign a separate
team, when available. to accomplish the additional workload
indcpendently.

Intervention Framework

There are opportunities to physically intervene and manually
alter the prioritization list originating from EXPRESS. However,
these options are limited and directly related to specific
constraints. They do not specifically increase the velocity of the
backshop repair cycle, Workload managers can intcrvene for any
of the following five reasons: intcrchangeable and substitution
issues, erroneous parts data, validated data discrcpancies, and
equipment and personnel constraints.”

The first three intervention causes are data related. For
interchangeablc and substitution issues, a new stock number may
be added but only if there is an offsetting delction of the stock
number that it replaces. Erroneous parts data may be addressed
by either enabling repair actions when parts research discovers
supportability that EXPRESS did not or by removing an item
from repair when parts are not on hand. The final data-driven
causc for intervention occurs when data discrepancies are found
and validated. In thesc instances. workload managers determine
what the repair requirement and priority should have been and
make appropriate adjustments to the prioritized list. Overall,
adjustments related to data discrepancies should have minimal
impact to HVM operations.

The remaining two causes for intervention are based on shop
eapacity. EXPRESS bases shop capacity on hours available and
docs not consider the type and quantity of equipment or workforce
skills. Workload managers accomplish a daily review of
EXPRESS repair requirements to ensurc capacity has not been
exceeded. This review adds shop expertise to the supportability
module and provides opportunities for workload managers to
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optimize repair activity within shops. Adjustments concerning
equipment and personnel have the most potential for affecting
backshop support but remain limited in overall impact.

Analysis and Recommendations

The relationship between HVM PDM and supporting backshop
operations in the long term will improve. As HVM matures within
a weapon system, the forecasting of requirements will be
ecnhanced. Such visibility decreases the scheduling risk
associated with repair turn time and will enable workload
managers to induce requivemnents in anticipation of the need date
required of the HVM process. The improvement of integrating
requirements in a scheduled (vice sporadic) manner will serve to
improve efficiency. minimize capacity constraints, and optimize
workload mix within backshop sections. However. getting to this
point requires consideration in the near term of HVM process
implementation, prioritization of HVM requirements, materiel
availability, and backshop resource mix.

HVM Process Implementation

HVM is in its initial stages of development and implementation,
and faces challenges with regard to backshop capability. A vast
majority of these hurdles will be caused by inadcquate visibility
into aircraft condition prior to PDM induction. Over the near
term, HVM designers will need to account for potential delays
related to unforeseen repair requirements necding backshop
support. Managers have the ability to mitigate such risk through
initial one-time inspections or anticipation.

As a weapon system initially transitions into an HVM
construct, the first pass an aircraft makes through its PDM interval
will pose the most risk of unforeseen repairs. Where feasible,
mitial inspections should be accomplished in order to target
potential damage areas associated with the particular phase of
HVM. A list of high-failure items based on historical data can be
developed and provided to the units. This list can be
accomplished as part of depot maintenance preparations being
done at the operational unit prior to the aircraft’s first inspection
under HVM conditions. Another alternative where opcrational
demands make blue-suit inspections untenable is to have these
one-time inspections performed by depot personnel. Such
inspections would benefit from the specialized skills and
experience residing in depot maintenance personnel. Subsequent
inspections for the following depot intervals will be
accomplished as part of the HVM process itself. Despite the
limited scope these inspections would entail, they would provide
valuable additional lead time if backshop repairs are required.

The second strategy is to anticipate where backshop-related
repair requirements may reside within the HVM process flow. By
pre-identifying these points in the process. various courses of
action may be developed ahead of time that can lessen the overall
impact of an unscheduled repair requirement. Mapping out the
components where there is a high probability ol failure and the
subsequent points in the process where to reintroduce a repaired
item provides workload managcrs more fidelity in matching
backshop turn time to schedule. It also gives backshop workload
managers more insight into where best to fit depot needs into
the overall requirements demand mix. For both organizations,
such anticipation provides some measure of flexibility within
the rigid HVM framework and limits the impact to workforce
efficiency that results from common schedule perturbations.
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HVM Workload Prioritization

In time, HVM will dovetail well into the current priority
framework that backshops use to align workload. As aircraft
condition becomes more certain and the experience gained in
accomplishing targeted inspections for cach HVM segment
grows, requirements for backshop related repairs will be
identified well ahead of the necessary lead timie. Additionally,
the shorter timespan between HVM segments improves the
ability of engineers to contrast component life span in a more
determinant fashion that may reduce overall repair requirements
over time.

In the interim, HVM requirements needing backshop support
may actually increase. With more focused inspections in targeted
areas, new trends may arise and drive more diverse groups of items
into the repair cycle. Strong consideration should be given to
ensuring these items are put into work in a manner that precludes
any work stoppage in thc HVM process. In light of the
improvements in aircraft availability that are anticipated by
transitioning to HVM, such time-dependent requirements
provide a strong case for being placed on par with the operational
demands considered in the spares priority release sequence rules.
The impact of this shift in priorities to opcrational customcrs
would most likely be negligible given the limited number of
weapon systems currently being considered for HVM. Further,
such delayed. time-dependent demands should decline as HVM
matures within the weapon system and requiremients transition
into the existing optimization category ol the prioritization
process. The ability to mitigate this issue will be a critical Factor
in determining the successtul implementation of HVM depot
operations.

Materiel Availability

A key portion of the HVM process design is the development of
kits that are aligned to cach HVM package. Kitting serves to
reduce man-hours and increase efficicney across the depot
maintenance process by ensuring the appropriate mix and
amount of consumable materiel is available prior to beginning
maintenance. Materiel availability can also be a Iimiting factor
in the backshop's ability to accomplish repairs in a timely manner,
Two constraints need to be addressed for effective support:
carcasses and raw material,

With aircraft in depot maintenance, carcisses should not be a
substantial issue unless condemnation rates are significantly
high. In such instances, item managers should be consulted and
options for increasing serviceable inventories developed. For
systemic issues. engineering support may be leveraged to
improve component design for reliability and maintainability.
The more prevalent but preventable issue is the raw material
inventory nceded to accomplish repairs. The compressed repair
cycle cannot afford delays related to lapses in materiel
availability. Where appropriate. it is recommended that
additional inventory investments be made that are targeted to
HVMe-related requirements. Management of such stocks should
be done to not only precludc material shortages but also to
prevent inventory growth beyond a defined time-determinant
level. As HVM matures and repair data indicates. such specialized
inventories should be reduced when no longer necessary or the
risk has subsided to a manageable level.



Backshop Resource Mix

The baekshops will remain constrained in both skilled
technicians and high-demand capital equipment. Equipment
eonstraints are relatively known and backshop managers have
cxisting methods for aligning workloads to mateh up with
cquipment availability or for accomplishing work by other
means. Additionally, it is likely that most job-routed repair
requirements resulting from HVM operations will be smaller in
seope as eompared to overhaul work. 1t is likely that job-routed
repair work will remain mostly accomplished by technicians
using standard tools and processes that arc not equipment
dependent. Therefore, equipment eonstraints will not be
influential in HVM success, but skilled teehnieians will be.

It can be argued that there are never enough skilled technieians
to accommodate the heavy demands placed on depot baekshops.
Adding the pressure of time-dependent HVM requirements only
exasperates the condition by placing more teehnieian-eentric
demands on the organization. The backshop workforee has shown
great exibility in meeting the inereasing demand for some time.
Managers may eleet to add multiple shifts to an already busy
sehedule or attempt to address the shortfalls through increased
overtime. Neither of these provides a permanent or sustainable
solution to the problem. As HVM looks to employ more personnel
to achieve the high touch labor rates necessary to meet their time
line, arelative percentage of that total inerease based on workload
should be eonsidered for backshop operations. Additionally. a
more versatile workforee that provides managers the flexibility
to shift teehnicians to spikes in workload should be investigated
within the guidelines agreed upon with union leadership. Such
flexibility between baekshop and line operations has the
potential to improve overall skill level and working relations
throughout the depot repair enterprise. Addressing this aspect
of backshop support is important to the overall sueeess of HVM
implementation.

Conclusion

In the end., it is all about improving warfighter eapability.
Maintenanec’s role in this endeavor is to increase aircraft
availability by redueing maintenance related downtime. The
community has diligently been working in that direetion for over
a deeade through a myriad of continuous process improvement
initiatives. High-veloeity maintenance is only the latest iteration
along this path but one that holds great promise, especially when
applied to the Air Foree’s high-demand. low-density fleets. But
the concept cannot go it alone and will require the depot
backshop environment to produee some measure of flexibility
to optimize the process rigor that is built into the HVM construct.

As the embodiment of the next evolution in continuous
proeess improvement, HVM represents the transition f'rom doing
Lean to being Lean. In its initial development, the Air Foree
Special Operations C-130s will be the test case. If sueeessful, the
migration to the larger C-130 fleet should improve availability
by 14 pereent.™ The tangible result is 55 more aireralt at a cost
of $1.6B aecomplishing missions (not sitting). To the operational
maintainer, HVM serves to reduce costs, facility constraints, and
workload through the inclusion of 1SO inspections into the
aecelerated time line. For the depot 1tself, it provides greater
insight into aireraft condition. which improves requirements
foreeasting, and has the potential for reducing seheduling
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perturbations and the resultant delays. The more mature weapon
systems beeome within the framework of HVM, the more
pronounced the benefits will be.

The depot related benefits extend to the supporting
backshops. but they will not neeessarily be realized until the
initial migration of a weapon system into the concept has been
completed. In the interim, they will be leveraged in place of the
flexibility that is wrung out of the HVM process. The
prioritization of HVM demands. backshop material availability,
and resource eonstraints are issues that need to be addressed by
workload managers to mitigate seheduling risks that may hinder
successful HVM operations. Despite the limited exposure to sueh
risk. their oceurrenee eould hamper HVM operations.
Fortunately. the depot backshops have the foundation and
capability to overcome these hurdles. In review of their current
practiees, they appear to pose only a moderate risk to the
suceessful implementation of HVM.

Although the risk attributed to depot backshop operations is
moderate, it does not lessen the negative perceptions that will
be applied to the overall HVM eoncept when lapses do occur.
There will be errors in planning, unforeseen maintenance
requirements. and mistakes made aeross the logisties enterprise
in supporting and executing depot operations under the HVM
construet. These glitehes will predominate the earlier transition
phases and lessen over time, but will never eompletely abate.
Therefore, managing the expeetations of Air Foree leadership.
as well as command customers, must be at the forefront ol those
enterprises ehampioning high-velocity maintenanee. Not doing
so may result in the snowballing of negative sentiment that has
the potential of strangling the infant HVM coneept while still in
its crib. This truth not only applies to baekshop support. but to
all facets of HVM.

The future of HVM shows great promise. As operational
demands remain high, this tool may provide another avenue for
squeezing even more out of the Air Force's high-demand. low-
density fleets within today’s fiseally constrained environment.
Lastly, it is yet another example of the kind of idea that our
innovative and outstanding Airmen, civilian and military alike,
develop every day to taekle the diffieult challenges we face. HVM
1s today’s solution. Tomorrow s most likely will be even greater.
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There are no simple solutions to the economic
challenges facing our country and the affordability
issues surrounding the Air Force’s modernization and
recapitalization requirements. In the final analysis,
affordability (like beauty) is in the eye of the beholder.

n “Can America Afford to Modernize the Air Force?”

Colonel George A. Coggins looks at why the Air

Force needs to modernize its air and space fleets,
explores domestic considerations likely to influence
these efforts, and provides a historical perspective on
military spending trends and different approaches for
determining defense funding levels. He concludes with
an assessment of affordability concerns and
recommendations. Leaders with a firm understanding
of these issues will be better prepared to assess and
articulate the potential impacts of funding decisions on
national defense. This, in turn, should better posture
the Air Force to maximize its contributions to national
security as we fight today’s wars, while preparing for
the future.

The major recommendations presented in this article
are as follows.

* Reassess America’s national security policy and the
role of the military (and other instruments of national
power) in the new security environment. America's
military can do just about anything, but it cannot do
everything. Our leaders must apply the first rule of
management—balancing commitments with resources.
This will require a realistic assessment of the threat
environment and global commitments, clearly defining the
roles and mission of each instrument of national power,
and adequately resourcing these functions. To better
synchronize priorities with resources, the US should
establish a unified security budget for key players invoived
in providing national security. This would include the
Departments of Defense, State, and Homeland Defense,
along with others as deemed appropriate. The Department
of Defense may lose some budget authority as part of this
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rebalancing process; however, since US national security
is based on the skillful application of both hard and soft
power, this may be the most efficient and effective use
of limited funds.

Restore fiscal balance through prudent spending cuts
and more effective tax policies. A strong economy is a
prerequisite for a strong military. Unfortunately, the US
is on an “unsustainable fiscal path” that will ultimately
impact our national security. No politician in his or her right
mind wants to propose cutting entitiements or raising
taxes, yet this is precisely what must be done to rein in
America’s out of control budget—and the sooner the
better. The longer we wait to address deficit spending and
the tsunami wave of Social Security and Medicare bills
bearing down on our country, the more drastic future cuts
will have to be. Politicians should consider increasing the
minimum age for drawing Social Security, repealing the
Medicare drug care program, and re-evaluating tax policies
(to include reversing prior tax cuts or abolishing the IRS
and substituting a national sales tax for personal income
taxes).

Pursue a long-term strategy for revitalizing the US
defense industrial base. The government should identify
those critical skills, technologies, and manufacturing
capabilities that are needed to ensure the long-term
viability and technological superiority of the US defense
industrial base. This will require a sustained effort
spanning decades and considerable investment, but the
potential benefits are substantial. First, it encourages the
development of more scientists and engineers which
increases America’s intellectual capital. Second,
domestic production creates more jobs which contribute
to the nation’s overall wealth. Finally, and most
importantly, it provides an opportunity for America to
regain its position as a leading manufacturer among world
producers.
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Gan America Afford to
Modernize the Air Force?

Introduction

Rising to the 21*" century challenge is not a choice. It
is our responsibility to bequeath a dominant Air Force
to America’s joint team that will follow us in service to
the nation.!

—General T. Michael Moseley, Former Chief of
Staff of the Air Force

merica’s edge, according to the 2008 Air Force

Posture Statement, is based on the synergistic

effects of global vigilance, global reach, and
global power—our nation’s ability to gain and maintain
situational awareness, fuse intelligence from multiple
sources, and rapidly respond with swift and precise effects
to any point on or above the earth.? These capabilities allow
the United States (US) Air Force to hold any target in the
world at risk, defend our homeland, or deliver humanitarian
aid to those in need.

However, the Air Force is at a strategic crossroads.
Strained by 17 years of continuous combat operations
throughout Southwest Asia, its fleet of air and space
vehicles as well as supporting infrastructure are rapidly
wearing out or becoming technologically obsolete.
Reversing this trend and revitalizing these capabilities will
not come cheap. By one account, the Air Force needs at
least an additional $20B annually to pay for critical

George A. Coggins, Colonel, USAF

modernization requirements including tankers, fighter
aircraft, long-range strike assets, and space platforms.*

This phenomenon is not limited to the Air Force. The
Army, Navy, and Marines are experiencing similar
modernization and recapitalization challenges resulting
from the high operating tempo demanded by ongoing
operations in Iraq, Afghanistan, and other contingencies
around the world. The sheer volume of flying hours, steaming
hours, and track and wheel miles in a combat environment
15 accelerating the wear and tear on most military hardware
and burning up the expected servicc lives of critical assets.
Unless these systems are repaired and rcplaced in sufficient
numbers, the United States risks losing its battlefield
dominance and command of the global commons —air, sea,
space, and cyberspace —as the threat environment becomes
increasingly dangerous and America’s relative military
advantage shrinks.

One could argue the simple solution is to increase defense
spending so the Services can repair and modernize their
forces. Unfortunately, the United States is on a fiscally
unsustainable path resulting from unchecked growth in
mandatory programs such as Social Security, Medicare, and
the interest on our national debt.* This looming fiscal crisis,
coupled with a shrinking US defense industrial base, will
make it difficult, if not impossible, for Amcrica to modernize
the Air Force.

This article examines why the Air Force needs to
modernize its air and space flects, explores domestic
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considerations likely to influcnce these efforts, and provides a
historical perspective on military spending trends and different
approachcs for determining defense funding levels. It concludes
with an assessment of affordability concerns and
recommendations. Leaders with a firm understanding of these
issues will be better prepared to assess and articulate the potential
impacts of funding decisions on national defense. This, in turn,
should better posturc the Air Force to maximize its contributions
to national security as we fight today’s wars, while preparing for
the future.

The Case for Modernizing the
United States Air Force

Airpower is like poker. A second-best hand is like none at
all—it will cost von dongh and win you nothing.

— General George Kenney, First Commander of
Strategic Air Command

Today’s Air Force is arguably the most dominant air and space
force in the history of the world. American aircraft patrol the skies
over Iraq and Afghanistan, unchallenged by enemy air forces,
while ground forces conduct missions without fear of attack from
above. This confidence is well-founded —no US soldicr has been
killed by an enemy aircraft since April 1953, nearly 56 years ago.’
The Air Force’s brand of air dominance —total,
unquestionable, and suffocating—has been around so long,
according to Rcbecca Grant, director of the Mitchell Institute
for Air Power Studies, that many now view it as a birthright.®
Considering almost two decades have passed since American
warplanes drove Saddam Hussein’s air forces from the skies
during Operation Desert Storm, it is easy to see how some people
can come to this conclusion. However, this flawed view
overlooks the risks posed by an increasingly dangerous threat
environment and the effects of an aging air and space fleet.

It’s a Dangerous World Out There
Pick up any newspaper or peruse your favorite news Web site
and you will see constant reminders of the dangerous world we

‘ Article Acronyms
. CLS - Contractor Logistics Support
- CRS —-Congressional Research Service
DoD — Department of Defense
DPEM — Depot Programmed Equipment Maintenance
FHP — Flying Hour Program
! GAO - Government Accountability Office
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GWOT - Global War on Terror
ISR - Intelligence, Surveillance, and Reconnaissance
PPBES — Planning, Programming, Budgeting, and
Execution System
PPBS - Planning, Programming, and Budgeting
System
SAM - Surface-to-Air Missile
SSA - Social Security Administration
US — United States
USAFCENT - United States Air Forces Central
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live in. Recent headlincs include coverage on the terror attacks
in downtown Mumbai, pirates hijacking vesscls in the Indian
Ocean, Iran’s recent ballistic missile tests, and Russia’s invasion
of Georgia. In light of thesc events, the United States Air Force
must be capable of dealing with a number of daunting
challenges—fighting terrorism, dealing with the emergence and
reemergence of peer competitors, and countering adversaries
armed with more advanced, lethal weapon systems.

On |1 September 2001, terrorists launched the most deadly
attack in American history. These brazen strikes on American
soil ushered in a new era for our nation — the Long War on Terror.
Seven years and $700B latcr, American forces steadfastly defend
our homeland and relentlessly hunt down terrorists throughout
the world. Terror groups. such as Al Qaeda and Hezbollah. still
pose a growing threat to the international community. As a result,
the United States and other countries in the world must be equally
committed and capable of preventing such attacks.

At the end of the Cold War in the mid-1980s, the United States
stood as the sole superpower in the world. No other country could
rival its combined military and economic might which led to a
decadc-long procurement holiday for the US military. Yet, as
America reduced its military force structure and dcferred or
cancelled modernization programs, other nations reconstituted
and expanded their military capabilities. According to the 2006
Qnadrennial Defense Review rcport, the future international
security environment will most likely be shaped by an emerging
China, resurging Russia, and cxpanding India.”

China is seen as having the greatest potential to compete
militarily with the United States and could, over time, field
military technologies capable of offsetting traditional US
military advantages. This should come as no surprise as China
converts its growing economic might into military capabilities.
For example, within the last several years, China announced the
fielding of one of its most advanced fighters, the J-10, and
successfully tested an anti-satellite weapon against an orbiting
spacccraft.® Although China's intentions remain veiled, one
analyst posits China will have the military capacity to pose a
national survival threat to America in less than a generation.”

The proliferation of advanced wcaponry also presents a
growing threat to Amcrican air and ground forces. Today. one is
just as likely to find Russian SA-20 and Tor-1 systems in Iran as
American-made Stingers in thc hands of Iragi insurgents. As
potential adversaries acquire relatively inexpcnsive, yet capable,
man-portable air defense systems, double digit surface-to-air
missile systems, and fourth generation fighters, they may well
be able to array more formidable air defenses thus potentially
denying US access to their airspace.

Soviet and Chinese aircraft, notably the MiG-29, MiG-31, and
Su-30, also pose a growing threat to American forces and rank
among thc top-selling fighters in the world. These jets, while not
as advanced as the new F-22 or F-35, are capable of engaging
and defeating America’s legacy air superiority fighter, the F-15C.
In 2005. Indian pilots flying Soviet-made Su-30Ks and French-
made Mirage 2000s accomplishcd something unthinkable just
a few short years ago—they defcated American pilots in simulated
combat engagements as part of a recurring training exercise
dubbed Cope India."

While the debate rages on whether it was a sgnare fight
between the US and Indian forces. the implications are obvious.
America’s monopoly on technological superiority and relative
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military advantage 1s shrinking—and not just in the air domain.
Commercial satellite imagery is readily available on the open
market, hackers infiltrate and exploit computer networks, and
terrorists use the Internet to rapidly share tactical lessons learned,
such as instructions for incorporating cell-phone detonators into
roadside bombs. These threats—and others such as climate
change. resource shortages, and pandemics —clearly indicate our
world has, indeed, become an increasingly dangerous place.

Growing Old Ungracefully—An Aging, Worn-out Fleet
Most people view the Air Force as the newest, most
technologically advanced military in the world. Flashy images
of F-22s, Global Hawks, and Predators dominate the press and
certainly reinforce this perception. However, they may be
surprised to learn thesc three advanced systems represent less than
S percent of Air Force aircraft.!" The remaining 95 percent of the
fleet includes over 400 Eisenhower-era tankers and nearly 200
bombers and cargo aircraft averaging over 45 years old. This
highlights one of the most serious challenges to American air
and space dominance —an aging. less capable fleet.

The Air Force is currently operating the oldest fleet in its
history. On average. the fleet is over 24 years old with many
platforms approaching the half-century mark. See Table 1 for the
average age of a representative cross-section of Air Force
systems."

Planned acquisitions will not reverse this trend anytime soon.
According to one official. the Air Force plans to acquire
approximately 60 aircraft per year which equates to a 100 year
recapitalization rate based on a 5,700-plus aircraft flecet.”” As a
result, the average age is soon expected to exceed 30 years with
some systems projected to reach the 75- to 80-year mark."

Seventeen years of continuous combat operations is also
accelerating the wear and tear on Air Force systems and burning
through the expected service lives of critical assets. Since Desert
Storm. the Air Force has flown over 2.3 million hours annually,
but with a force that is 31 percent smaller and 42 percent older.'
According to Lieutenant General Gary North, commander of
Ninth Air Force and US Air Forces Central, “We are flying our
planes into extinction.™*

The case for Air Force modernization gocs far beyond its
aging air and space fleet. Years of reduced funding for new
facilities and the cumulative effect of deferred maintenance are
also impacting critical infrastructure capabilities including
aircraft depots, space launch facilities, base maintenance, and
specialized communications facilities. Other less obvious, but
essential infrastructure requirements include upgrades to training
ranges, runways, material handling equipment, fuel distribution
systems. and adequate housing for our Airmen and their families.
Just as most people do not want to go to war in a 50-year-old
aircraft, they should not be expected to work or live in similarly
outdated, inefficient support facilities.

Aging Fleet = More Costly, Less Reliable Systems

In one respeet. air and space vehicles are no different than a
personal automobile. As they age, they become less reliable and
cost more to operate and maintain. Much like a family automobile
purchased in 1980, military systems procured during the Cold
War are showing their age as evidenced by more frequent
incidents involving structural issues such as cracked wings, struts,
and corrosion. For example. the Air Force was forced to ground
its entire F-15C fleet in 2007 after an aircraft disintegrated while
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conducting routine air-to-air combat training in the skies over
Indiana.!” As recently as October 2008, dozens of A-10 jets were
grounded at Davis-Monthan Air Force Base (AFB). Arizona after
mspectors found cracks in the wings. These problems are not
isolated to fighter and attack aircraft.' Similar safety and
structural issues have been discovered in cargo, acrial refueling,
and intelligence, surveillance, and reconnaissance platforms. One
official noted the Air Force's C-130Es are so broken they can no
longer deploy in combat.'® As of August 2008, over 700 aircraft,
or 13 percent of the entire Air Force aircraft flcet was either
grounded or operating under flight restrictions.*

Finally. it is also increasingly expensive to operate and
maintain aging aircraft. As Figure | illustrates, the cost of depot
programmed equipment maintenance. contractor logistics
support, and the flying-hour program increased by 179 percent
over the last 10 years even as the Air Force reduced the size of its
fleet by over 9 percent.?! So, as you might expect, keeping over
5,000 aireraft airworthy requires massive investments in terms
of manpower and money. The Air Force is expected to “spend a
billion dollars per week in fiscal 2010 on fuel, spare parts, repairs
and technical support—and that doesn’t even include the
paychecks for military personnel performing such functions,™

Domestic Factors Influencing Air
Force Modernization Efforts

To ask whether the United States can afford higher levels
of military spending is stupid. It can, and if necessary, it
would. The problem is that there are other important things
that the United States wants and can afford too, and a dollar
spent on one thing cannot be spent on another.”

—Richard Betts, US National Sccurity Specialist

There are significant risks on the horizon that may derail the Air
Force’s modernization and recapitalization efforts. Unchecked
growth in domestic programs such as Social Security, Medicare,
and Medicaid. coupled with decades of deficit spending and the
effects of the credit crisis, threaten our nation’s solvency. Even
if America’s leaders can reverse these trends, there are many
concerns about the US defense industry’s ability to develop the
systems and technologies needed for our national defense. We
begin by seanning the budgetary landscape.

System Number | Average | Oldest | Newest
Age

A-10A 208 27.3 Apr 79 Mar 84
F-15C 325 25.2 Jun 79 Oct 89
F-16C 1029 18.5 Oct 84 Mar 05
B-1B 66 21.0 Sep 86 Jul 88

B-52H 89 46.7 Jan 60 Oct 62
KC-135R 363 46.8 Jun 58 Dec 64
C-5A 59 36.9 May 70 | May 73
C-130E 98 44.3 Jun 61 Feb 74
C-130H 269 21.1 Aug 74 Mar 94
HH-60G 101 18.2 Dec 82 Feb 99
Minuteman I 570 34.0 Apr 70 Dec 78
s 31 9.0 Nov90 | Mar08

Table 1. Inventory and Average Age of Alr and Space Systems
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The Looming Fiscal Crisis

The United States faces a looming fiscal erisis; however, most
Americans and virtually all politicians turn a blind eye to this
inconvenient truth. According to David Walker. the Comptroller
General of the United States of America. “Today, wc're sceing
the calm before the storm Irom a fiscal standpoint. . .but. we face
a tsunanmi of spending that will reach our shores within thc next
scveral years, and we are not well prepared.”* The spending he
refers to includes the soaring costs of mandatory programs such
as Social Security, Mcdicare. Medicaid, and intercst on the
national debt. He asserts that. absent any policy changes. these
programs will consume an increasing pcrcentage of US tax
revenues leading to serious pressures on funding for discretionary
programs such as national defense.

Social Security

Certain dates, such as 7 December 1941 and 11 September 2001,
mark defining moments in American history. Although few
people can reeall the significanee of 15 October 2007, the actions
of a single woman set into motion a series of events that will shape
Amecrican budgets for the next ecntury. Kathleen Casey-
Kirschling became the first baby boomer to file for social security
benefits. But, shc won't be the only one for long. Experts estimate
an additional 20,000 boomers will be eligible to file for social
seeurity benefits each day for the next 20 ycars—which equatcs
to over 125 million new social security recipients during this
period.*

According to the Congressional Budget Office, three key shifts
in American demographics will greatly influence the long-term
solvency of the Social Security program. First, millions of
members of the baby boomer generation will reach retirement
age in the next few decades, greatly cxpanding the overall
number of retirees. Second. the average life expcetancy of
Americans is increasing, so they will draw benefits for a longer
period of time. Third, fertility rates are expccted to remain far
below the levels of 1950s and 1960s further redueing the number
of available workers to pay into

government sponsored hcalth-care programs, Medicare and
Medieaid.

Medicare and Medicaid

Our nation spends over $2T a year on medical healthcare, with
the US governmeut paying nearly one-third of thesc costs.™ As
a result. Americans are now living longer. healthicr lives than at
any time in our nation’s history. Peter Orszag. director of the
Congressional Budget Office. acknowledges America’s aging
population is putting increased demands on our nation’s social
programs. However, he attrihutes spiraling medical costs—not
Social Security —as the primary factor behind the growth in
entitlement programs.” Figure 2 clearly supports this claim.™

The combination of higher patient loads, skyroeketing
medical costs, and unfunded mandates such as the Medicare drug
program has put our nation’s healthcare programs on an
unsustainable fiscal path. The 2006 Medicare Trustees’ report
projects a $71T gap between Medicare's long-term unfunded
ohligations and anticipated receipts. This dwarfs Social
Security’s $13.4T deficit and is 14 times larger than the total
amount of government deht held hy the publie.!

Medicaid. another federally funded program that provides
medical assistance to low-income families and individuals, 1s
cxperiencing cost growth similar to Medicare. Increased numbers
of clderly. low-income citizens are also expected to turn to
Medicaid to pay for non-hospital expenses such as long-term
health care—yet another unanticipatcd, and unfuunded,
eonsequence of Americans living longer,

The Effects of Chronic Deficit Spending or “Hey
Buddy, Can You Spare a Dime?”

Somewhere along the last 232 years. our government lost its sense
of financial stewardship. Concepts such as balanced budgets and
fiscal responsibility fell out of vogue and were replaced by
unconstrained government spending and never-ending
campaigns for increased tax incentives. As a result, the US deficit
for 2008 will be an estimated $430B to $480B." When added to

soeial security.*

The economic impact of $20
these shifts is staggering as this
bow wave of retirees begins
collecting social security. By
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Figure 1. Increased cost of Aircraft Fleet
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all prior deficits, the national 40

debt totaled $10.7T as of 10
December 2008.* This debt. just
like your home mortgage. accrues
interest— which, according to the
Treasury Department, totaled
$451.2B in 2008.* To put this in
perspective, interest on the US
national debt accrues at a rate of
roughly $51M per hour or nearly
$1M per second.

Short periods of deficit
spending may be in the best
interests of our country such as
funding war costs or stimulating
cconomic activity. However,
studies indicate chronically large

Actual . Projected

: Sk i Other Spendin :
federal delicits reduce national 5 . !
saving, which slows the
aceumulation of national wealth 0 I I l B4 I ] I l I l
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performance.*® The net result is
lower future living standards.
Over time. these deficits can also Figure 2. Long-Term Federal Spending Projection
affeet financial markets in the
form of higher or lower interest .
rates, stock market values, and | 35%
cxch.zlngc rates.”’ 30% Y

Since most lawmakers are
reluctant to address our nation’s 259
liscal imbalance by raising taxes 5%
or reducing spending, deficits 20°%
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discretionary programs will come | -59%,
under increased pressure as

Congress attempts to lind ways to
pay our country’s bills.™ An
examination of the distribution of federal spending between
mandatory and discretionary spending over the last 40 years 1s
revealing. Spending on mandatory programs and net interest on
the nationul debt increased Irom 33 percent of all federal
spending to 62 percent between 1966 and 2006, while spending
on diseretionary programs dropped from 67 percent to 38 percent
over the same time period (sce Figure 4).

A further breakdown of federal spending by major program in
the same time frame clearly illustrates the explosive growth of
spending for Social Security, Medicare, and Medicaid—and a
corresponding reduction in defense spending Irom 43 percent
of all federal spending to just 20 percent (see Figure 5).*

Although US spending patterns fluctuate due to changes in
policy. the economy, and the security environment. one trend 1s
clear—delense budgets will continue to come under pressure.
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Figure 3. Federal Deficit as a Percentage of GDP

The US Defense Industrial Base

Since World War 11, the US delense industrial base has converted
America’s economic might and intellectual capital into the
advanced systems and technologies used by our military. The
defense industry proneered scientific breakthroughs in the 1950s
and 1960s which played a significant role in such innovations
as manned spacellight, computers, and new manufacturing
processes. Many of thesc technologies evolved into the state-
of-the-art weapon systems scen today. However, as the US defense
industry approaches the second decade of the twenty-lirst eentury,
its position ol dominance and ability to support our national
defense is at risk, most notably from challenges related to industry
consolidation, increased reliance on foreign made components,
and surge capacity. These challenges, if left unaddressed.
threaten the strategic edge created by this vital industry as well
as its long-term viability.*
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As the US industrial base
contracted, the defense industry
became increasingly dependent,
and in some eascs totally
dependent. on foreign sources for
key materials and components
such as silicon, precision glass for
reconnaissanee satellites. and
advaneed fiber optics.”™ This
raiscs conccrns over the
availability and trustworthiness
of foreign-made products.” As
onc author points out, if
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Figure 4. Federal Spending on Mandatory and Discretionary Programs

shipments of imported parts to US
defense contractors were stopped,
the manufacturing lines of the
American defense industry would
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grind to a halt.” Likewise, the US-
Chinesc Economic and Security
Review Commission notes the
United Statcs™ supply of trusted
and assured microchips is in
jeopardy due to the relocation
of critical microclectronics
manufacturing eapabilitics from
the Unitcd States to other
countries. They claim this opens
the possibility that malicious
software or “other unauthorized
design inclusions may appear in
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Figure 5. Composition of Federal Spending

The defense industry. like any other business venture, is
shaped by the economic conditions within the marketplace —
and the end of the Cold War was a seismie event. Between 1985
and 1997, military spending was slashed by nearly a third (in
inflation-adjustcd dollars) and procurement funding fell from 35
percent to less than 15 percent of overall defense funding.** This
led to a period of intensc eonsolidation and restructuring within
the defcnse industry resulting in significantly fewer, but larger
companics. According to onc RAND study. the number of prime
contractors in the US eapable of manufacturing combat aircraft
declined from seven to two during the 1990s. Similarly, only 4
of 14 missile manufacturers remaincd. while space launch vehicle
producers fell from 6 to 2.*

Although the US government cncouraged consolidation in
the carly 1990s as a way to retain critical industrial capabilitics
in a shrinking market, some officials expresscd eoncerns over
excessive consolidation.**

General Colin Powell, chairman of the Joint Chiefs of Staff at
that time, warned “The number of producers and suppliers...of
many of our critical military items is dwindling drastically. and
is shrinking to unacceptably low levels.”** His eoncerns were
well-founded and prescient. A 2008 Government Aecountability
Office (GAO) report found 16 of 20 defense programs —including
the B-2, F-22, and the Space-Based Infrared System-High— had
supplier issues including component or technology
obsolcscence., fewer manufacturing sources. or
production challenges.?’
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unclassificd integrated circuits

used in military applications.”!
Finally. the defense industry’s surge capacity —the ability to
rapidly ramp up rescarch, development. and production rates—
is another point of contention. Historically, America’s ability to
mobilize its manpowcr far outstrips its ability to equip them. For
cxample, it took the US defense industry three ycars to rcach its
full capaeity to produce aircraft and bombs during World War Il
and over two ycars to significantly inerease deliveries during the
Korean War.* Considering the equipment produced during thesc
periods was relatively unsophisticated when compared to today’s
advanced systems. one can only speculate how long it would
take for American’s industrial base to ramp up production of
F-35 fighters, Stryker vehicles, or aerial refuelers.

National Defense: A Necessary, but
Expensive Undertaking

A billion liere, a billion there; pretry soon you're 1alking
real money.

—Senator Everett Dirksen, Illinois Senator,
1950 to 1969

National dcfense 1s a nccessary, but expensive undertaking.
Throughout history. countries have relied on their militaries to
protect their people, sovereignty, and territorial integrity —a
trend that eontinues today. Governments must recruit, equip,
train. housc. and feed military personnel; acquirc and maintain
weaponry and supporting infrastructurc; and invest in emerging
and future technologies to maintain an cdge over their
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adversaries. This section provides a historical perspective on
global military spending trends, US defense budget trends. and
differing approaches for determining defense funding levels.

Global Military Spending Trends

There's a popular saying, “Freedom isn’t free.” This maxim
certainly applies when it comes to the cost of national security.
According to the Center for Arms Control, global military
spending totaled $1.47T in 2008.°* Based on their estimates, the
United States is by far the global leader in military spending and
accounts for 48 percent of the world’s total military spending
(see Figure 6 for breakout). Their analysis also indicates the US
spends more than the next 45 highest spending countries in the
world combined — 5.8 times more than China and 10.2 times as
much as Russia.

After trending downward after the end of the Cold War, global
military spending is once again on an upswing. The Stockholm
International Peace Research Institute, an international think
tank for arms control, reports world military expenditures
increased by a modest 1.5 percent per year (in inflation-adjusted
terms) between 1996 and 2000 and jumped to 5.4 percent per
year in the post-9/11 years.®™ At first glance, this gives the
impression that other countries have ramped up their military
spending and the global arms race is back under way. However,
it should be noted that this spike is due largely to increased
defense spending by the United States as it prosecutes the Global
War on Terror (GWOT).

There are some positive developments associated with this
uptick in worldwide military spending, one of which is more
business for US defense contractors. Based on recently published
statistics from DefenseNews, seven of the ten largest defense
companies in the world are US-based companies.™

The annual 2007 defense revenues for the American
companies totaled $156.5B, an increase of nearly 6 percent over
2006 levels. The United States also remains the largest arms
exporter in the world with a 31 percent share of the global market,
followed by Russia (26 percent), Germany (10 pereent), France
(9 percent), and the United Kingdom (4 percent).* On the other
side of the transaction, the world’s top five importers and their
suppliers are China (Russia), India (Russia), UAE (Franee),
Greeee (USA). and South Korea (USA).Y

US Defense Budget Trends

Historically. Department of Defense (DoD) budgets have risen
and fallen based on the threats to our national security, the health
of our economy, and policy decisions by American leaders. For
example, after the United States emerged victorious from World
War Il in 1945, it rapidly demobilized its defense workforee from
nearly 15 million military and eivilian workers to only 2.2 million
by 1948. Defense budgets were slashed by 85 percent over the
same time frame.* Funding spiked upward and then reversed in
the conflicts that followed —Korea, Vietnam, the first Gulf War,
and today's GWOT. This cycle seems to repeat itself on a fairly
consistent cycle of 18 to 20 years (see Figure 7).%

Over the same period. cach Service’s share of total defense
funding remained remarkably constant—approximately one-
third each.” Short-term deviations from this allocation oceurred
periodically based on changes in national defense strategy, such
as nuclear deterrence in the 1950s. Increased spending on
America’s strategic nuclear triad —bombers, ICBMs, and
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submarines —resulted in a higher percentage of defense spending
going to the Air Force and Navy. However. this funding shift
proved to be short-lived and parity returned as Arimy funding
increased during the heavily land- and sea-centric campaigns
during the Vietnam era.

Beginning in the 1970s, a number of defense-wide agencies
and aetivities were established to centralize certain functions or
to serve the national ecommand authority. Some of the better
known Ds include the Defense Logistics Agency, Defense
Intelligence Agency. and Defense Commissary Agency. In some
cases, budgets for these agencies were carved from the Services’
budgets, whereas new funding was appropriated for others. The
net result is that defense-wide agencies” share of the overall
defense budget increased from roughly 2 percent in 1948 to 16
percent in 2009. So, what do recent budgets look like?

The Bush Administration’s annual budget requests for DoD's
base budget (non-war costs) increased from $302B in fiscal year
(FY) 0l to $515B in FY09 —an increase of 71 percent. See Figure
8 for historieal baseline and GWOT funding requests.” After
adjusting for inflation, this represents a rcal growth rate of 34
percent over an eight-year period. This does not take into account
supplemental funding for war costs or natural disaster relief
operations. When war costs are included. then budgets more than
doubled.

With defense budgets at record highs in dollar terms —exceeding
$500B dollars a year—why can’t the Air Force find the nmoney
to pay for modernization and recapitalization”

Findings from the Congressional Rescarch Service (CRS)
indicate that, despite large increases. the actual buying power
across all of the Services is being eroded by four factors. *

Latin America Russia
$39 (3%) $70{5%)

Middle East/North Africa
$82 (5%}

EastAsia/Australasia
$120 (8%)

United States
$711(48%)

China
$122 (8%

8

Central/SouthAsia

$30 (2%) Sub-Saharan Atrica

$10 (1%)

Figure 6. 2008 World Military Spending (In Billions)

2f007
Defense
Number Company Riskarss

($B)

1 Lockheed Martin (US) 38.5

2 Boeing (US) 32:1

3 BAE Systems (UK) 29.8

4 Northrop Grumman (US) 24.6

5 General Dynamics (US) 21.5

6 Raytheon (US) 19.8

7 EADS (Netherlands) 12.2

8 L-3 Communications (US) 11.2

9 Finmeccanica (ltaly) 10.6

10 United Technologies 8.8

Table 2. Top 10 Defense Companies in 2007
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Figure 7. US Defense Budgets: 1948 - 2013

® Dramatically higher military personncl costs. The CRS
calculates uniformed personnel now cost 40 percent more, after
adjusting for inflation, than in FY99 because substantial
increases in pay and benefits, including higher pay and
housing allowanccs: TRICARE for Life: concurrent receipt;
and large increases in bonuses.

* Operating costs continuing to grow above base inflation.
Military operation and maintcnance budgets, which pay for
cverything from flying training to weapons repair, is increasing
approximately 2.5 percent above inflation. As a result, funds
are moved from modernization and personnel accounts to pay
for current operations.

® Increased cost growth in major weapons programs. Stcalthy
platforms, multi-mission ships, and advanced space systems
are becoming more cxpensive, and at a faster rate, than earlier
systems. Unless budgets incrcase more rapidly than costs,
trade-offs between investment, personnel, and operating funds
must be madc.

¢ Poor cost estimatcs. The accclerating costs associated with
new major weapons programs are exacerbated by poor cost
estimates. This leads to major revisions in production
schedules in an attempt to hold down cost growth.

Having personally served in the Air Force Financial
Management career field for over 20 years, | have observed real-
world examples of each of these factors. Cost growth in all areas—
military and civilian payrolls, fuel for our air and ground fleets,
utilities for our bases, and contract costs increases —forces hard
trade-offs between investing in the future and paying today’s
bills. Unfortunately, the urgency of now usually takes priority,
resulting in modernization and recapitalization being pushed
further down the road.

Different Approaches for Determining Defense
Funding Levels

Since it is impossible to simultaneously maximize national
security and domestic spending, our nation’s leaders are
presented with the elassic guns versus butter dilemma.*
According to this basic economic concept, cach tax dollar spent
on national defense (guns) is one less dollar available for
domestic programs (butter). As a result, elected officials are faced
with a conundrum when they attempt to balance defense and
domestic spending—too much butter puts our national defense
at risk, whereas too little butter for their constituents jeopardizes
the politician’s reclection. In their search for balance, American
leaders have considered a number of approaches for determining
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defense funding levels—the remainder method. quantitative/net
assessment analysis, and most recently, pegging defense
spending to a sct percentage of GDP.

According to Richard Betts’ article, “A Disciplined Defense:
How to Retain Strategic Solvency,” Presidents Truman and
Eisenhower “calculated military spending using the ‘remainder
method’: they started with the total tax revenues, subtracted out
domestic spending, and gave whatever was left over to defense.”®
While this is a fairly straightforward approach, it is also quite
arbitrary since it fails to take into account the security
environment, potential adversarics, or overarching national
security strategy. As one might cxpect, the funding was
insufficient to properly arm and sustain America’s military —a
lesson we would learn during the Korcan War,

After the Korean War, the focus shifted to a much more
quantitative, net asscssment-based approach. Secretary of Defense
Robert S. McNamara and his group of whiz kids introduced the
arcanc world of operations rescarch and advanced modeling in
an attempt to quantify defense funding needs. McNamara
instituted the Planning, Programming, and Budgeting System, a
forerunner to today's Planning, Programming, Budgeting, and
Execution System. This system provided a more formalized
approach for linking defense plans to resourcing activities and
has been used by DoD for the last 40 years. However, time
marches on and defense officials began pondering a third
approach about two years ago.

Because of concerns over current and future defense funding
levels, several senior military officials and prominent think tanks
began advocating proposals linking defense budgets to a specific
pereentage of the GDP (usually a minimum of 4 percent). In
Foreign Affairs magazine, Senator John MeCain wrote, “*America
could afford to spend 4 cents of every dollar, or more on national
defense.” Others jumped on the bandwagon, including the
Secretary of Defense, the Chairman of the Joint Chiefs of Staff,
and even the Air Force Chief of Staff. The argument was simple
and the evidence was compelling—US defense spending, as a
percentage of GDP, had fallen to historically low levels and our
national defense was increasingly at risk (see Figure 9).%

Unfortunately, this proposal is too simplistic and lacks rigor.
First, America’s GDP has expanded rapidly over the past several
decades and is now 6 times larger than in the 1950s (in inflation
adjusted terms).*” If, as one writer notes, the United States devoted
37 percent of its GDP to defense now. as it did during World War
11, defense spending in today’s dollars would approach $5T per
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ycar.® Likcwise, if America fell into a prolonged recession, it is
unlikely defensc officials will agree to lower budgets for an
undetermined period. Ultimately, this proposal’s most damning
flaw —common to each of the approaches rcviewed —is that it
focuses on the amount of funding defense should receive and
not the more critical question, “How much is enough?"®

Conclusions and Recommendations

Ler every nation know, whether it wishes us well or ill,
that we shall pay any price,

immensely successful with spending significantly more moncy
than they receive from taxpayers as evidenced by thc $700B
bailout plan and looming financial crises posed by Social
Security, Medicare, and the national debt. 1t is a matter of national
prioritics. The time has come for America’s leaders and citizens
to address “our nation’s growing fiscal imbalance and changing
sceurity environment.,””" This is no simple task, but unlcss
American leaders address structural domestic issucs —
specifically, unchecked entitlement growth and a shrinking US
defensc industrial base —our nation's ability to effectively

bear any burden. meet any
hardship, support any friend,
oppose any foe to assure the
survival and the success of
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counter future threats is at risk. Based on the insights gained
during this research cffort, the following recommendations arc
provided as a guide to help put our nation on a more fiscally
sustainable path —one, that if pursued, will ensure that the United
States has sufficient monetary resources and industrial capacity
to support Air Force modernization and recapitalization efforts.

Recommendation Number 1. Reassess America’s national
security policy and the role of the military (and other
instruments of national power) in the new security
environment. Amcrica’s military can do just about anything, but
it cannot do everything. Our leaders must apply the first rule of
management —balancing commitments with resources. This will
require a realistic assessment of the threat cnvironment and global
commitments, clcarly defining the roles and mission of each
instrument of national power, and adequately resourcing these
functions. To better synchronize priorities with resources, 1
rccommend establishing a unified security budgct for key players
mvolved in providing national sccurity. This would include the
Dcpartments of Defensc, State, and Homeland Dcfense, along
with others, as deemed appropriate. The Department of Defensc
may losc somc budget authority as part of this rcbalancing
process; however, since our national sccurity is based on the
skillful application of both hard and soft power, this may be the
most efficient and effective usc of limited funds.

Recommendation Number 2. Restore fiscal balance through
prudent spending cuts and more effective tax policies. A strong
economy is a prerequisite for a strong military. Unfortunately,
our country and economy is on an “unsustainablc fiscal path”
that will ultimately impact our national security according to
David Walker, the former Comptroller General of the United
States.” No politician in his or her right mind wants to propose
cutting entitlements or raising taxes, yet this is precisely what
must be done to rein in America’s out of control budget—and
the sooner the better. The longer we wait to address deficit
spending and the tsunami wave of Social Security and Medicare
bills bearing down on our country, the more drastic future cuts
will have to be. Politicians should consider increasing the
minimum age for drawing Social Security, repealing the Medicare
drug care program, and reevaluating tax policies (to include
reversing prior tax cuts or abolishing thc IRS and substituting a
national sales tax for personal income taxes).

Recommendation Number 3. Pursue a long-term strategy
for revitalizing the US defense industrial base. The government
should tdentify those critical skills, tcchnologies. and
manufacturing capabilities that are needed to ensurc thc long-
term viability and technological superiority of our nation’s
dcfense industrial base. This will require a sustaincd effort
spanning decadcs and considerable investment, but the potential
benefits to our nation are substantial. First, it encouragces the
development of morc scientists and engineers which increases
America’s intellcctual capital. Sccond, domestic production
crcates more jobs which contribute to the nation’s overall wealth.
Finally, and most importantly, it provides an opportunity for
America to rcgain its position as a leading manufacturer among
world producers.

There are no simple soluttons to thc economic challenges
facing our country and the affordability issues surrounding the
Air Force’s modernization and recapitalization rcquirements. In
the final analysis, affordability (like beauty) is in the eye of the
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beholdcr. If, and when, our country’s leaders feel our nation’s air
and space dominance ts significantly threatened, they will spend
whatever is needcd. Let’s just hope they are not too late.

Notes

1. General T. Michael Moscley, “The Nation's Guardians: America's 21st
Century Air Force,” white paper, 2006 Air Force Defense Strategy
and Transformation Seminar Series, 29 December 2007, |Online]
Availuble: http://www.af.mil/shared/media/document/AFD-080207-
048.pdf.

2. Department of the Air Force, Fiscal Year 2008 Air Force Posture
Statement. 27 February 2008. 3. [Online] Available: hup:/
www.posturestatement.af.mil/shared/media/document/AFD-080310-
037.pdf.

3. Mackenzic M. Eaglen, “Airmen vs. Modernization: The Air Force
Budget Dilemma,” The Heritage Foundation, 18 May 2007, [Online]
Available: htip://heritage.org/research/NationalSecurity/ bg2037.cfm.

4. Statement of David Walker, Comptroller General of the United States,
prepared witness statement for the Commission on National Guard
and Reserve, Hearing on Impact on Reserve Component Personnel,
Compensation Policies, 21 June 2007, 7, [Online]| Available: htp://
www.cngr.gov/June percent2019-21/Walker percent20Statement.pdf.

5. Robert S. Dudney, “Air Supremacy in a Downdraft,” Air Force
Magazine, December 2008, 2.

6. Ibid.

7. Dcpartment of Defense, “Quadrennial Defense Review Report.”
[Online]  Available:  hup://www.defenselink.mil/qdr/report/
Report20060203.pdf.

8.  Adam J. Hehert, “For the Air Force, the Bill Comcs Due,” Air Force
Magazine, April 2007, 28.

9. General Barry R. McCaffrey. “Rebuilding Global Airpower.” Joint
Forces Quarterly, lssue 49, 2™ Quartcr 2008, 1.

10. Christian Lowe, “India 1. USAF 0.” |Online] Available: hup://
www.defensetech.org/archives/000976.himl.

11. Headquarters Air Force Directorate of Plans and Programs. Aircraft
Inventory and Age. 3x5 Card. (On-line spreadshect. dated 31 August
2008). [Online] Available: hups://www.my.af.mil/gcss-af/USAF/
AFP40/d/1074227645/Files/editorial/Sx8 percent 20Cardpercent.
Data from this spreadsheet was used to compute the 5 percent figure.

12. Ibid.

13. Eaglen, 6.

14. Harold Kennedy. “Air Force Steps Up Effort To Care for Its Aging
Aircraft,” National Defense, January 2002. |Online] Available: http:/
/www.nationaldefensemagazine.org/archive/2002/January/Pages/
Air_Force_Steps 6855.aspx.

15. Seccretary of the Air Force Directorate of Communication, Restore the
Air Force's Aging Aircrafi, trifold brochure, 2008. |Online] Available:
hups://www.my.af mil/gess-af/USAF/AFP40/d/ 1074676447 /Files /
editorial/ AgingAircraftTrifold.pdf? channelPageld=-
738647 &programld=1418656.

16. Ibid.

17. Tom Donnelly and Gary Schmitt, “Chicken Little is Right,” Weekly
Standard, 22 January 2008, 1, [Online] Available: http://
www.weeklystandard.com/Content/Public/Articles/000/000/014/
618cmzgt.asp.

18. Carol Ann Alaimo, *A-10s Still Grounded, Problems Unresolved.”
Arizona Daily Star, 17 October 2008, 1. |Online| Available: http://
ebird.osd.mil/ehfiles/c20081017634713.html.

19. Lauren Bigge. “Flying the Wings Off —Literally,” Air Force Magazine
Daily Report. 1S March 2007, [Online] Available: hutp://
dailyreport.afa.org/AFA/Reports/2007/Month03/Day 15.

20. Headquarters Air Force Directorate of Plans and Programs. Data from
this spreadsheet was used to compute the 700 aircraft and 13 percent
figures.

21. Major General Frank R. Faykes. “FY08 Budget President’s Budget,”
briefing, Washington. DC. § February 2008). 12. Cost reductions
extracted from Maj Gen Faykes™ briefing. Ninc percent fleet reduction
figure calculated using FY98 USAF Aircraft Fleet size (6,228 aircraft)
as reported hy Air Force Magazine Almanac (www.airforce-
magazine.com/ magazinearchive/magazine percent20documents/
2000/may percent202000/0500facts_figs.pdf) and FY08 USAF

Air Force Journal of Logistics



]
(5]

30.

¥l.

36.

AT

38.

40.

41.

42.

43,

44,

45.
46.

Aircraft Fleet size (5.671) as reported hy Headquarters Air Force
Directorate of Plans and Programs (sce endnote 11 for specific
reference information).

Loren B. Thompson. Aging Air Force Fleet Requires New [deas to
Susrain, (Arlington. Virginia: Lexington Institute. 20 lune 2008). 1.
[Online] Available: bttp://lexingtoninstitute.org/printer_1280.shtml.
Richard Betts. A Disciplined Defense: How to Retain Strategic
Solvency.” Foreign Affoirs. Vol 86, No 6. Novemher/December 2007, 7.
David Walker, Hearing on Impact on Reserve Component Personnel,
Compensation Policies, 4.

Jobn Rutherford, "America’s First Baby Boomer Files for Social
Security,” NBC Ficld Notes. 15 October 2007, {Online] Available: http:/
/fieldnotes.msnbe.msn.com/archive/2007/10/15/41203 7. aspx.
Congressional Budget Office. Implications of Demographic Changes

Jor the Budger and the Economy: Hearings before the US Honse of

Representative Comminee on Ways and Means, Washington, DC:
Government Printing Office. 19 May 2005, 2.

Office of Management and Budget, Budger of the United States
Governmeni, Fiscal Year 2008: Social Secnrity Administration,
Washington, DC: Government Printing Oflice, Fehruary 2007, 2.
[Online] Available: hup://www.whitebouse.gov/omb/hodget/fy2008/
ssahtml.

Congressional Budget Oflice, The ABCs of Long-Termn Bndget
Challenges. Wasbington, DC: Government Printing Office, 8 December
2006, 18.

Peter R. Orsag, Director. Congressional Budget Office, letter to
Congressman Jeb Hensarling, US House of Representatives, 8 March
2007, 1.

Congressional Budget Office. “The Budget and Economic Outlook:
Fiscal Years 2008 to 2018.” Powerpoint briefing, Wasbington, DC,
23 January 2008, slide 16.

Congressional Budget Office. The ABCs of Long-Term Budger
Challenges. 19.

Congressional Budget Office. The ABCs of Long-Term Budge!
Chollenges, 20.

A range s provided tor the FYO8 deficit since various sources report
sligbtly different numbers.

US Department ol the Treasury. “The Debt to the Penny and Who
Holds It,” {Online] Available: bttp://www.treasurydirect. gov/NP/
BPDLoginZapplication=np, accessed 10 December 2008,

US Departiment of the Treasury, “Interest on the Debt Outstanding.”
[Online] Available: http://www.trcasurydirect.gov/govt/reports/ir/
ir_expense.htm, accessed 10 December 2008.

Congressional Budget Office. Economic and Biudger Issie Brief: Long-
Term Economic Effects of Chronically Lorge Federal Deficits,
Washington, DC: Government Printing Office. 13 October 2005, 1.
Congressional Budget Office. Economic aond Budger Issue Brief: Long-
Term Economic Effecis of Chronicolly Large Federal Deficils. 3.
Alison A. Fraser, “The Budget, Medicare. Medicuaid. and Social
Sccurity: Time to Take Action.” hriefing. Washington. DC: Heritage
Foundation, undated, slide 2, |Online] Available: hnp://
www heritage.org/Research/Budget /npload! Fraser Fearre.ppe.
Discretionary programs dilfer [rom mandatory programs in that they
require some future Congressional action to authorize the expenditure
of fnnds (hence the term “diseretionary™).

Walker, 8.

Walker, 9.

Barry D. Watts, “The US Delensc Industrial Base: The Past. Present.
and Future, 15 October 2008, vii, [Online] Availuble: http://
www.csbaonline.org /4Publications/PubhLibrary/
R. 20081915, The _US _Defense __[nl
R.20081015._The _US Defense In.pdf.

Danicl Goure, “Provide Tor the Common Defense: The 4 percent
Solution.” July 2008. 3. [Onlinc] Available: http://
www lexingtoninstitute.org/docs816.pdf.

Murk A. Lorell, ed. "Going Global? US Government Policy and tbe
Defense Acrospace Industry.” 2002, 4, [Online] Available: bttp://
www.rind.org/pubs/monograph_reports/2005/MR 1537 pdf.

Lorell. 5-6.

James J. Tritten and Paul N. Stockton, Reconstituting America’s
Defense: The New US National Secnrity Straregyv. New York, New
York: Praeger Publisbers, 1992, 82,

47.

48.

49,

n
4

w
wn

56.

wn
O

60.

61,

62,

63,

64,
6S.

66.
6T
68.
69,

Government Accountahility Office. A Departmeni-wide Framework
10 ldentify and Report Gaps in the Defense Snpplicr Base is Needed,
Wasbington. DC: Government Printing Olfice. Report GAO-09-5.
October 2008, 10.

Jacques S. Gansler, Affording Defense. Cambridge, MA: The MIT Press.
1989, 271.

US-China Economic and Security Review Commission, 2005 Annnal
Report to Congress, Washington, DC: Government Printing Office,
November, 2005, 97, [Online] Available: hutp//www.uscc.gov/
annual_report/ 2005/chapter2_sec2.pdl.

Gansler, 271.

US-China Economic and Security Review Commission, 104.
Gansler, 264,

Chbristopher Hellman and Travis Sharp, “The FY 2009 Pentagon
Spending Request — Global Military Spending.” 22 Fchruary 2008.
I. [Online] Availahle: bttp:/www. armscontrolcenter.org/policy/
securityspending/articles/fy09_dod_request_global.
Readers sbould note tbat military cxpenditures include all categories
of spending: payroll, operating and support, infrastructure —and is
not limited to just procurement or research and development accounts.
Catalina Perdomo, “Military Expenditures Today.” Stockholm.
Sweden: Stockbolm International Peace Research Institute. 2007, slide 4.
2007 Top Ranked Defense Companies n the World.”
DefenseNews.com, |Online| Available: http://www.defensenews.com/
static/features/top100/cbarts/top 100_08.php?e= FEA&s=TIC.
Stockbolm International Peacc Rescarch Institute, "SIPRI Arms
Transfers Data.” hackground paper. 31 March 2008, 2. [Online]
Available: bttp://www sipri.org/contents/armstrad/at_db.buml.
Stockbolm International Peace Research Institute. 3.

Office of the Under Secretary of Defense (Comptroller), *National
Defense Budget Estimates for FY 2000.” [Online] Available: bup://
comptroller.defensc.gov/delhudget/fy2009/index.btml
Figures derived by anthor using data in Cbhapter 6. Table 6-1, 72
Office of the Under Secretary of Defense (Comptroller). “National
Defense Budget Estimates for FY 2009.” Chapter 6, 53, [Online]
Available: http://comptroller.defense.gov/defbudget/fy2009/
index.html.

Office ol the Under Secretary of Defense (Compiroller), “National
Delense Budget Estimates for FY 2000.”
Figures derived by author using data in Chapter 6. pages 67-72,
Office of the Under Secretary of Defense (Comptroller). Defense
Budget Materials. FY 2009, Global Wur on Terror Funding.
Department of Defense FY 2009, May 2008, 4

Pat Towell. ¢d. Defense: FY2009 Anthorizanon and Appropriations,
Washington. DC: Congressional Rescarch Service. 6 October 2008,
16-17. [Online] Available: bup://apps.crs.govicli/ level _2.aspx?
PRDS _CLI_ITEM_ID=73 (Accessible to congressional staff).
Afzalur M. Rahim, Theory and Research in Conflict Monagement, New
York, New York: Praeger Publishers. 1990, {91.

Betts. 3.

Travis Sharp, “Tying US Delense Spending to GDP: Bad Logic, Bud
Policy.”™ US Army War College Quarterly, Vol XXXVIIIL No 3, 5.
Faykes. 16.

Sbarp. 10.

Ihid.

Steven M. Koziak. Analvsis of Proposals 10 Allocate Four Percem of
GDP 10 Defense, Washington, DC: Center for Strategic and Budgetary
Assessments, 9 September 2008. 1.

James Brownlec, The Defense We Can Afford. New York, New York:
Comnrittee Tor Economic Development, 1958, 15,

Walker. 1.

Wialker, 61.

Colonel George A. (Andy) Coggins Is currenily the
Commander of the 19" Mission Support Groap at Little
Rock AFB. Arkansas, better known as the “Home of Combat
Airlift.” At the tinee of the weiting of this article, he was a
studeut at the Aiwe War College, Air University, Maxwell Air
Force Base, Alabama

http://www.aflma.hq.af.mil/lgj/journals.asp

Volume XXXIV, Numbers 3 and 4

39




Defining Logistics
he word logistics entered the American lexicon little more than a century ago. Since that time. professional soldiers, military
historians, and military theorists have had a great deal of difficulty agreeing on its precise definition. Even today. the meaning
of logisties can be somewhat fuzzy in spite of its frequent usage in official publications and lengthy definition in Service and

Joint regulations. Historian Stanley Falk describes logisties on two levels. First, at the intermediate level:

Logistics is esscntially moving, supplying. and maintaining military forces. It is basic to the ability of armics, fleets, and air forces to operate—
indeed to exist. It involves men and materiel, transportation, quarters, depots, communications, evacuation and hospitalization. personnel replaccment,
service, and administration.

Second, at a higher level:

Logistics is the cconomics of warfare, including industrial mobilization; research and development: funding procurement; recruitment and training:
testing; and in effect, practically everything rclated to military activities besides stratcgy and tactics.

While there are certainly other definitions of logistics. Falk’s encompassing definition and approach provides an 1deal backdrop

from which to examine and discuss logistics. Today. the term combat support is often used interchangeably with logistics.
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The Themes of US Military Logistics

From a historical perspective, ten major themes stand out in modern US military logisties.

The tendency to neglect logistics in peacetime and expand hastily to respond to military situations or conflict.
The increasing importance of logistics in terms of strategy and tactics. Since the turn of the century, logistical considerations
increasingly have dominated both the formulation and execution of strategy and tactics.
The growth in both complexity and scale of logistics in the 20" century. Rapid advances in technology and the speed and lethality
associated with modern warfare have increased both the complexity and scale of logistics support.
The need for cooperative logistics to support allied or coalition warfare. Virtually every war involving US forces since World War
1 has involved providing or, in some cascs, receiving logistics support from allies or coalition partners. In peacetime, there has been
an increasing reliance on host-nation support and burden sharing.
Increasing specialization in logistics. The demands of modern wartare have increased the level of specialization among support
forces.
The growing tooth-to-tail ratio and logistics footprint issues associated with modern warfare. Modern, complex, mechanized,
and technologically sophisticated military forces, capable of operating in every conceivable worldwide environment, require
that a significant portion, if not the majority of it, be dedicated 1o providing logistics support to a rclatively small operational
component. At odds with this is the need to reduce the logistics footprint in order to achieve the rapid project of military power.
The increasing number of civilians needed to provide adequate logistics support to military forces. Two subthemes dominate this
area: first, unlike the first half of the 20™ century, less reliance on the use of uniformed military logistics personnel and, second, the
increasing importance of civilians in senior managecment positions.
The centralization of logistics planning functions and a parallel effort to increasc efficiency by organizing along functional rather
than commodity lines.
The application of civilian business processes and just-in-time delivery principles, coupled with the elimination of large stocks of
spares.
Competitive sourcing and privatization initiatives that replace traditional military logistics support with support from the private
business sector.

The Editors, Air Force Journal of Logistics

Integrity is the fundamental premise for military service in a free society. Without
integrity, the moral pillars of our military strength, public trust, and self-respect are
lost.

—Gen Charles A. Gabriel, USAF

No form of trausportation ever really dies out. Every new form is an addition to,
and not a substitution for, an old form of transportation.

— Air Marshal Viscount Hugh M. Trenchard, RAF
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Aircraft maintenance metrics

are important. Don’t let
anyone tell you differently!

0 i Gl - ] They are critical tools to be
val a E uw used by maintenance

managers to gauge an

Guidebooks: organization’s effectiveness
and efficiency. In fact, they are
What YOU Need’ roadmaps that let you
When You Need It! determine where you’ve been,

where you’re going, and how
(or if) you're going to get
there. Use of metrics allows
you to turn off your
organizational autopilot and
actually guide your unit. But
they must be used correctly to
be effective.

This handbook is an
encyclopedia of metrics and
includes an overview to
metrics, a brief description of
things to consider when
analyzing fleet statistics, an
explanation of data that can
be used to perform analysis, a
detailed description of each
metric, a formula to calculate
the metric, and an explanation
of the metric’s importance anc
relationship to other metrics.
The handbook also identifies
which metrics are leading
indicators (predictive) and
which are lagging indicators
(historical). It is also a guide
for data investigation.

Generating Transformational
Solutions Today; Shaping
the Logistics Enterprise of
the Future
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We now know the dominant weapons on the battlefield are

the ones that can be mass-produced, operated by motivated

fighters, kept in action with spares and supplies, and used

in concert with other weapons. In the words of General

George S. Patton, “How easily people can fool themselves

into believing wars can be won by some wonderful invention

rather than by hard-fighting and superior leadership.”
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From Production to Operations: The US Aircraft Industry, 1916-1918
Logistics Lessons from the Past—Deployed Operations

German Wonder Weapons: Degraded Production and Effectiveness
A Historical Perspective on the Future of Military Logistics

Logistics we begin a new feature—"Rewind:

Readings in Logistics.” This continuing
feature will present articles and essays
previously published in an edition of the Air Force
Journal of Logistics or one of the Journal-
produced books or monographs. The feature will
include articles that encompass three areas:
historical perspectives, contemporary thought,
and studies and analyses. Both the current and
future content of the feature were selected for two
basic reasons—to represent the diversity of ideas
and to stimulate thinking. That’s what we hope
you do as you read the material. Think about
challenges. Think about the lessons history
offers. Think about why some things work and

I n this edition of the Air Force Journal of
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The Logistics Constant Throughout the Ages

others do not. Think about problems. Think about |
organizations. Think about the nature of logistics.
Think about fundamental or necessary logistics
relationships. Think about the past, present, and
future.

The feature also provides a convenient source
of material for mentoring and discussing logistics
and logistics issues with new Air Force
logisticians.

All of the articles and essays for “Rewind” in this
edition were published in Thinking About
Logistics 2009, Air Force Logistics Management
Agency, Maxwell Air Force Base, Gunter Annex,
July 2009. Copies of Thinking About Logistics
2009 may be obtained free of charge from the
Journal staff.
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Lieutenant Colonel Andrew W. Hunt, USAF

From Production to Operations: The US
Aircraft Industry, 1916-1918

The apathy pervasive in the
industry meant that serious
obstacles existed. Little had
been done to advance the
technology of the American
airplane to the same level
as that of the airplanes
flown by other combatants.
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Introduction

world. In faet, before American involvement in World War [, the aviation industry in

this eountry was, for all intents and purposes. nonexistent. This is astounding, given
that only a deeade before, the Wright brothers had made their famous flight. Shortly thereafter
(in 1908), they pitehed the idea of using their new flying machine for military purposes to
Army offieials at Fort Meyer, Virginia. Momentum was strong. But after that meeting, where
the brothers” idea was met with skeptieism, subsequent efforts to inerease the use of the
airplane in a military role were minimal, at best. The outbreak of the war in 1914 did little
to rekindle a fire that had, for the last 6 years, barely flickered. No one was sure how Ameriea
would get involved in the eonflict. As Ameriean intervention in the war beeame more and
more likely, politieians and military leaders alike sought to determine where the United
States eould help the most—and the fastest. Everyone knew that the US Army would send
troops, tanks, and other equipment to the front, but an opinion gaining momentum in
Washington was that Ameriea might prove a more effective ally if it were to provide a eombat
air foree to the European theater.

The role of the airplane in war had evolved quickly, from simple seouting and artillery
spotting to aerial troop support and bombing missions. No longer was the airplane a novelty,
it was now a military neeessity. In an impassioned statement to the US Government in the
spring of 1917, Freneh Premier Alexandre Ribot urged the United States to make a sizable
contribution to the produetion and deployment of aireraft in the European theater.' Seeing
an opportunity to have a greater impaet in the war, not only on the battlefield but also above
it, the government began a renewed effort to establish a legitimate aireraft produetion base
in the United States.

Unfortunately, the apathy pervasive in the industry meant that serious obstaeles existed.
Little had been done to advanee the technology of the Ameriean airplane to the same level
as that of the airplanes flown by other ecombatants. A limited produetion base initially proved
completely inadequate to the ehallenge of eontributing anything meaningful (in terms of
aireraft production) to the war. There was no signifieant information base from whieh to
draw technical expertise in the construetion of these new, military-speeifie airplanes. And
there was no prior experience available to direet and guide those in eharge of managing this
Hereulean task. This was extremely evident in the arena of logisties. Never before had the
United States had to plan for a production and movement of this size (especially for a new
battlefield instrument), and there had never been an obstaele the size of the Atlantie Ocean
to hinder the efforts of planners to sustain sueh an operation. Nevertheless, failure was not
an option. The United States had to provide a suffieient (in both eapaeity and eapability)
air arm if the Allies were to have any increased chanee of winning the war above the trenches.
As a member of the newly formed Aireraft Produetion Board said, “The eagle must win this
war.”* Eaeh area of logisties, from production to repair, presented relatively new ehallenges
to the individuals in Washington and on the Western Front. In as little time as possible
(roughly 14 months), an intricate system was established to deploy airplanes and then
provide the battlefield logisties support necessary for the Air Service to keep the Allied
skies elear.

It may be diffieult to believe, but Ameriea’s air foree has not always been the best in the
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This article examines the state of the aireraft industry (and the associated logistics issues)
before and during Ameriean involvement in the First World War. The article is divided into
three separate scctions. First, there is a discussion of the state of the industry in late 1915 and
early 1916, to include existing aircraft, facilities, and production centers. A second section
exaniines the logisties methods used and hurdles faced in attempting an unprecedented rapid
mobilization. In this section, the formation of the organizations responsible for forming the
Air Service is mentioned briefly. The majority of this seetion, however, foeuses on the trials
and tribulations of actual aircraft production, specifically the American version of the British
De Haviland (DH)-4. From raw materials to finished goods, the generation process of a
satisfactory aerial platform was expensive, untested, and time-consuming. As aireraft were
needed in large numbers in minimum time, this process is worth investigating. The lack of
an existing infrastructure in the airplane industry mcant the production proeess had no prior
model. The third section of the artiele focuses on the planning and construction of the Liberty
engine. Like the DH-4, the production of this powcrhouse required logistics efforts unseen
prior to 1917,

The Air Service Before the Americans
Entered the War (1915-1917)

While the war raged in Europe. the US air force lay dormant. In 1915, the entire inventory
consisted of 55 airplanes, all trainers. Of this astoundingly low number, General John
Pershing, commanding officer of the Army, eommented that “51 are obsolete, and the other
4 are obsoleseent.” Even though the primary nced for airplanes was for trainers, it was
surprising that the inventory did not include a single combat (bomber or pursuit)
plane.’ (While there were acrial operations in the Mexican eampaigns, none was considcred
a combat mission; airplanes flew observation missions in support of the soldiers on the
ground.)

Additionally, the military possessed and operated only two dedicated flying fields: one
in Texas and one in New York.” In terms of personnel, the Air Corps was just as lacking. Of
the 131 offieers in this branch of service, only 26 were considered fully trained, and not a
single member of the US mulitary “had actual combat flying experience.”

While the aireraft situation before the United States entered the war was dire, fcw options
were available to correct this problem. In 1915 and 1916, the Curtiss Company was the lonc
company capable of contributing anything substantial in terms of airplanc output. Curtiss
was already produeing 100 training planes per month for the British.” Within a year, the
number of contractors the government cmployed to build airplanes incrcased to nine
companies. tasked to produce 366 planes (of which only 64 were ever delivered).”

American Aviation Prepares for War

In late 1916, it was apparent that the United States would soon be a major partieipant in the
war in Europe. As such, it would send its army to fight alongside the Bnitish, Italians, and
French. But its contribution would not be limited to the role of the foot soldier. With louder
and louder voices. the Allies embroiled in the confliet across the ocean urged the United
States to contribute a sizable air arm. As the United States was the pioncering nation in the
frontier of flight, this was hardly unreasonable. However, as mentioned earlier (and a statement
that will be a recurring theme), the apathy in Ameriean aviation made this request a difficult
onc. Before 1917, US civil aviation aetivities were not at a level that could be considered
significant.’ *America, with the apathy of peace, had been outdistanced by the billigerents
in the science of aviation.™"

Formation of National Committee on Aeronautics
and the Aircraft Production Board

The first signs of life in the military aviation sector surfaced in late winter of 1917. On 5
February, offieials in the air arm ol the army decided to prepare an initial estimate on the
aviation requirements needed to support an organization of regulars, volunteers, and the
National Guard. Initial dollar amounts neared a staggering $49M."" Again, the eapacity of
the industrial seetor to handle these requests was unknown. In the first few months of 1917,
the number of contractors employed by the government stood at 11, and ncarly 300 plancs
were on order.”? For the first time, thought was given to managing the production and
acquisition of these materials. The National Committce on Aeronauties was established in
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March 1917, its mission was to bring together the manufacturing sector and the government
since there was a noted “lack of cohesion.”!* This organization was designed to prevent
duplication of efforts and keep costs under control. The committee, headed by noted
paleontologist Dr Charles D. Walcott, recognized the absolute lack of airplane manufacturing
capability and suggested, to speed up production and mobilization, a standardized training
plane for use by both the Army and the Navy be adopted as soon as possible.™

In April 1917, the government formed the Aireraft Production Board (APB) to oversee
the production plans and projections for the Army aviation sector. This organization was
the focal point for all military aireraft production and was solely responsible for ensuring
that the United States could field a viable air contingent. Headed by Howard E. Coffin, an
automobile manufaeturer from Detroit. the APB began its crusade on 12 April (6 days after
America formally entered the war), with the announcement of a 3-year production plan:
3,700 aircraft in 1918, 6,000 aircraft in 1919, and from 9,000 to 10,000 aireraft for 1920.'
Initially, the main focus of the Board was the production of trainers. The rationalc behind
this decision was that there was little or no knowledge of battle planes in this country and
that the gathering of information over the next 6 months (April-October 1917) from the
Allies would slow production to the extent that the output realized by manufacturers would
be of little usc in the war effort.'

Sinee the airplane production sector was so far behind, the APB proposed a deal with the
French that would allow the military to make a more immediate impact in the air war in
Europe. In May 1917. the United States proposed a 16.500-ton shipment of men and materials
to France in exchange for airplanes, motors, and land for airfields.'” In August of the same
year, the deal was revised to read that France would send 5.000 planes and 8.500 engines in
return for tools and materials.'® This deal scemed feasible, as the United States had greater
quantities of human and materiel resources. while the Allies had a greater capability to
produce combat-ready aireraft.' This early reliance on the French would be a pervasive
theme throughout the war.

American Intervention Requested

In the summer of 1917, the French and British governments applied the most direct pressure
to the American aviation sector. In a meeting between French Premier Rene Viviani and
Britain’s Lord Arthur Balfour, the common sentiment was that the United States could do
more to help the Allied effort by “sending a powerful air force to the Western Front in time
to participate in the 1918 campaign.”™" Soon after that meeting, a statement issued by Premier
Ribot on 26 May urged the United States to furnish a flying corps of 4,500 aircraft, 5,000
pilots, and 50, 000 mechanics. After this initial requirement, Ribot requested that there be
2,000 planes and 4,000 motors built in the American factories each month until early 1918.%
Ribot’s request may have had some extreme outside influence. It is rumored that the impetus
for this proposed plan may have come from Licutenant Colonel William “Billy” Mitchell.?
Amazingly, these requests were deemed by the Aircraft Production Board to be attainable.

Many people echoed the sentiments for American air involvement. Secretary of War
Newton Baker said that the formation of an air arm “'seems .. .the most effective way in which
to exert America's forces at once in telling fashion.”* Orville Wright, still an active
participant in the aircraft industry, commented that if thc Allies have a sufficient number of
airplanes to keep the enemy planes back, and their “eyes can be put out—it will be possible
to end this war.”*

Now that a crude production schedule was in place. the military began to tackle the
immense logistics effort required to support this massive mobilization. Not only were the
engincers and manufacturers under a severe time constraint, but there was also no experience
in the production of combat planes to make this process any easier. Unfortunately, for the
United States, the Army had not sent observers to Europe to get the necessary technical
information for the eonstruction of these aircraft.® “Much of it [the project] had to be drafted
in the dark,” and there was a “supreme need for haste,”

The journey of aireraft production began on 24 July 1917, with the passing of the Aviation
Act in Washington. This legislation provided $640M (although this number would decrease
dramatically in the coming year) for rescarch and design, supplies and manufacturing. and
procurement of airplanes.”” The initial projections for having 2.500 operational, domestically
built aircraft by 1 January 1918 available for training werc deemed “totally within reach ...
and immediate efforts wcre taken to build 500 training machines.™*
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Obstacles to Initial Production—Inexperience
and Raw Materials

The ability of a nation to produce and procure materiel is key to supporting military
operations. General Carter Magruder, a prominent army logistician, noted that, for a nation
to be successful in a military campaign. its domestic produection must be equal to the ex pected
consumption in all theaters.” James Huston, a noted military historian. added that, in the
realm of production and lielding of new weapons of war, there are concerns in the production
sector. He observed that a new weapon (or piece of equipment) may incur “delay(s) in
production,” and experience supply difficulties. Put these two thoughts together, and it’s
clear that building an air force from scratch was going to be extremely difficult.

Perhaps one of the biggest obstacles facing the military in the pursuit of airplane
production was the lack of experience in the logistics arena. No one involved had any
appreciable expertise in this area, and the events that transpired in late summer of 1917
brought this fact to light. The lack of experience nearly derailed the nitial eflorts of the
Army to field a viable air arm before it even began. Other American industries had benefited
from the early years of the war. The Allies had turned to the United States for assistance in
the supply of ammunition (among other things), but thcy never asked for help in producing
airplanes.” As a result, the airplane industry was nowhere near capable of responding to the
initial requests. and even the work done since America entered the war had been “wholly
inadequate.”" The procurement of raw materials for aircraft production was a huge roadblock
that faced the men responsible for building these machines. This issue would prove costly
and difficult.

Raw Materials

Raw materials are the first key to production and, therefore to any logistics operation. Huston
notes that the availability of raw materials for an item (and the subsequent ease of production
Tor that item) is as important as the battlefield performance of that item.™ Little thought was
given to the fact that the lack of any material, whether major or minor. could lead to the
grounding of any production process. As one observer noted. “no one ever thought that the
production programme ... could be held up by the lack of small items. such as acetate lime
for aircraft doping.”* To ensure the availability of these necessary materials, the government
decided that intervention was necessary. The government decided that it must manage and
linance these diffcrent industries.

The WWl airplane was constructed mainly of wood and linen held together by a series ol

wires, stitches. and adhesives. The wood used in the production of the airplane had to be
lightweight, as the power ol the available engines was not sufTicient to lift much weight. At
the same time, the wood had to be flexible and durable to withstand the poundings
administered by both the wind and the ground (landings could be quite rough). Engineers
determined that spruce would be the best wood, as it was the “toughest of the softwood.”™
The difficulty facing the government was the collection and processing of this raw material
and its delivery to the necessary production plants. The spruce reserves were located in the
remote forests of the Pacific Northwest. Access to that area was limited as the roads were
often impassablc. The government embarked on a large lumberjacking operation. sending
approximately 15,000 troops to harvest the valuable wood in the forests of Oregon. This
was an unplanned deployment. as no one could have predicted that troops would be used to
collect raw materials.

Since spruce was deemed perfect Jor aircraft production, the government sought to keep
it out of the hands of the Central Powers. and the APB announced that “all spruce would be
bought by the government.”** Here. the government exercised its right to act in the interest
of national security by basically monopolizing the spruce industry. setting the price that
the loggers and lumberjacks could charge per long ton of wood. The spruce was milled (using
roughly 4.5 percent of each tree cut—try getting away with that today) and sent by truck to
the production plants for further refinement to make it suitable for airplane usage.

Obviously. wood was a main concern, but the availability of linens (for wings and
fuselages) and dopes (a material used to coat the wings to render them flame-resistant.
waterproof, and tight) was also in question. The need for these two materials was immense.
In 1918 alone. the Air Service requested nearly 10 million yards of linen and 204,000 gallons
of aircraft dope. The production of these materials was already at the maximum levels
available. “Supply could not be increased by existing plants nor by building new plants”™
due to the lack of precious wood.* Another example of the shortage of raw materials was the
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lack of castor oil, a lubricant used in aircraft systems. To combat this problem, the United
States actually imported castor beans from Asia to sced farmland in this country, thereby
creating raw materials.”” The process of collecting, transporting. and processing these
resources was an important hurdle facing the government in 19t7. Even with the active
participation of thc government. many asserted that “satisfactory aviation matenal would
not be available until 1918,

Aircraft Production

As mentioned earlier, when the United States entered the war, the initial need for domestic
aircraft production was solely to fill the requirement for tramning aircraft. The Curtiss
Company and the Standard Acro Company, with the production of the JIN-4 Jenny and the
SJ-1, respectively. adequately fulfilled this need. However. the real challenge rested in the
ability of the American industry to produce combat-specific aircraft in time to make them
available for the 1918 campaign. At the time, there were four major problems facing the
United States in this venture. First. there was no existing knowledge of battle planes or their
construction. As noted carlier, the US inventory did not have a single battle plane at the
time the United States entered the war. Arthur Sweetser said. At the outbreak of the war. no
one in this country had any knowledge of what a battle plane was.™ Second (again a prevalent
theme). there was a shortage of any appreciable manufacturing and engineering facilities,
and capacity prohibited the advancement of airplane technology. Third. the United States
was geographically removed from the fighting, which prevented both timely
communications and the expedient flow of information with the combatants on front. Finally.
no one in the industry was prepared to handle the intricate nature of the problems that would
undoubtedly surface with the employment of these new machines.

Specifically addressing the first area of concern. the government sent observers to Europe
to obtain the necessary technical data to begin construction of the airplanes. The
representatives, led by Major R. C. Bolling. arrived in Europe nearly 3 months after the
United States entered the war. As a result, combat aircraft production efforts could not begin
until carly summer of 1917.% Still. the entire production process would be trial and crror,
with most improvements made after “bitter experience and disappointments.™ The lack of
manufacturing, distance from the front, and inability to solve technical problems all surfaced
in the determination of what planes the United States would actually produce.

Originally, the military decided that the construction of combat planes would focus on
an American redesign of the immensely capable and extremely popular Spad fighter.
However, the life of the single-place (single scat) plane produced in the United States was
short-lived. On 15 December 1917, Pershing ordered that production focus on a two-scat
variety of airplanc and that the production of the single seat plancs be left to the Europeans.
Subsequently, the reproduction of the Spad was canceled.* The military then decided that
the British DH-4, a daytime reconnaissance and bomber platform, was to be the focal point
of the American Air Service and its production cfforts.

The production of the DH-4 was delayed until August 1917, since a model had not yet
rcached the United States. The maodel arrived in Dayton. Ohio. on the 26" of the month, and
was available for use as a basis for production.” The production facilities housing the DH-
4 operations were literally built as the plane was constructed. In 2 months, the first DH-4
was rolled off the asscmbly line and made its first test flight on 28 October 1917. Powered
by a Liberty engine. the plane passed all initial tests and was now ready for mass production.

After the successful test flight of the DH-4. the APB awarded a contract for 2.000 aircraft
to the Dayton-Wright Company. Initial projections for aircraft production showed that 1,475
aircraft would be ready by 3 January 1918. Howevcr, nearly 3 weeks after that projected
completion date, the DH-4"s production life had just started. The problems of production
were not due to a lack of raw materials, as government assistance ensured the requirements
were met, but to the continued lack of experience and technical knowledge in the area of
production. (The manufacturing processes used in the United States were markedly different
than those used in Europe. The United States mastered the assembly line technique. best
suited for items that could be made the same way over and over again. In Europe. the
production process was highly specialized. where each item was manufactured in whole,
one item at a tuime.)

1t was not until 5 February 1918 that the first operational DH-4 aircraft left the Wright
plant and arrived in Hoboken, New Jersey. On 15 March. the aircraft was packed aboard a
steamer destined for France.* On 8 April, the first US-built DH-4 arrived in France. Nearly
a month later. the aircraft tlew its maiden voyage, armed as a combat plane shoutd be.
Although the results of the test flight were deemed satisfactory. certain changes had to be
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made to the airframe, which lurther slowed production and deployment. Specitically, the
munitions stations on the aireraft were ol British design and were not capable of holding US
ammunition. New bomb racks were needed. These were casy corrections, and by the end of
1918, the DH-4 was in “appreciable production.”™ A fully-armed DH-4 consisted of two
.30-caliber Marlin machine guns in the nose and two .30-caliber Lewis machine guns in the
rear, plus 220 pounds of bombs. By the spring of 1919, it was a viable aerial addition to the
Allied efforts. The production rate of the DH-4 was unrivaled for the time period. Said
Secretary Ryan, “We built more airplanes from month to month from the time we began than
any other nation in the war built from the time it began.™

While mass production of the DH-4 was ultimately successful, aircralt production in the
United States included other efforts. The government redesigned both the italian-designed
Caproni heavy bomber and the British Handley-Page bomber. Three Capronis were ultimately
assembled, while the Handley-Page never progressed past the prototype stage until after the
war.

The Liberty Engine

Although the DH-4 is a remarkable example of time-constrained manufacturing of an
unproven commodity, the simple fact is that a plane will not fly without a powerplant. in
fact, the size of an air force is contingent upon how many quality motors it can acquire or
produee.*® Coinciding with the development of the combat airplane was the aggressive
produetion of the Liberty engine. So named to represent the prineiple by which it was
constructed, the Liberty engine was the shining achievement of American industry during
World War 1. The Liberty’s road was not smooth, as the same pitfalls that slowed production
of the DH-4 were also present in the engine-manufacturing scctor. At the time of American
intervention, four separate manufacturers were capable of building and had built airplane
engines. However, since there were no combat planes in the US arsenal. all engines previously
constructed were used for training planes only. Therefore. they lacked the power and
lightweight characteristics required for use in bombers and pursuit planes. The major
challenge, then, was to accomplish two goals: (1) enable the existing manufacturers to
increase their capacity to a sufficient level that would allow them to continue producing
these engines to meet the growing need of the aviation training program and (2) require the
manufacturers to design and build an engine capable of supplying the necessary power to
1iTt the heavier aircraft. By the end of 1917, the first part of the challenge was met. The Curtiss
OXS5 and the Hall-Scott A7A were produced in sufficient numbers to meet all training
requirements. The second part of the challenge would be more dilficult to accomplish.
Since an engine takes nearly twice as long to roll through production as an airplane, it is
no surprise that brainstorming designs for a new engine occurred shortly alter the United
States entered the war. In May. designers and engineers met in Washington, DC, determined
to leave with the plans for a new, standardized motor. Unlike their decision to redesign the
DH-4. the government decided that this engine should be domestically designed and
produced. as the design differences among engines would not be easily reconcilable. The
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goal for this new motor was to remedy all repair problems overseas by using a sct of The real challenge rested

standardized. interchangeable parts. while allowing for a marked increase in horsepower in the ability of the
over models alrcady available. After only 4 days in Washington, the plans for the Liberty American industry to

motor were completed. The motor was to be an 8-cylinder, capable of producing 400
horsepower. Of utmost importance was that the Liberty would have a single stream of spare
parts to lucilitate the inevitable repair needs overseas. '’

produce combat-specific
aireraft in time 1o moke
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In determining who would build the motor, the government turned to the automobile them available for the 1918
industry. which had the existing tecchnology base to begin the task. Lincoln. Packard, and campaign.

Nordyke and Marmon were selected for the contract, which was awarded on a cost-plus busis;
the contractor would be reimbursed for their costs, plus some portion for incentives.™ The
first engine was assembled at the Packard Plant in Detroit and sent to Washington for testing
on 3 July 1917. Shortly therealter. the development and testing of a 12-cylinder version of
the engine. designed to better fit the DH-4 aircraft on the production lines. were completed.

As promising as the future of this new engine was. there were still major problems in the
production process. As with the DH-4. the projections on production for 1918 were overly
optimistic, and the production dates were pushed back repeatedly. The plan was to have
more than 9,400 motors produced by the beginning of June 1918. In actuality, the number
available by the end of May 1918 was a little more than 1.100.* These problems in
production resulted from (as in the aircraft industry) the total inexpericnce in the manutacturing
of this type of machine in both large numbers and in a short time. Those in Europe believed
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the American method of standardized production eould not be applied to the construction
of a prceise instrument such as an airplane engine.™ Interestingly, the construction of the
airplane engine placed more demands on the manufacturers than did the automobile engine.
Manufacturcrs were forced to expand their capacity (facilities and so forth) to handle these
demands.

Manufacturers had to design new machines and tools to build the engines. This took
time. In addition, obtaining materials for the production of this engine was not easy. The
Liberty 12 was roughly 25 percent lighter than a 12-cylinder automobilc engine, so the
materials needed for construction of the Liberty were different than those found in the typical
automobile of the day.

Despite these roadblocks, production of the Liberty engine reached 15.572 engines by
the end of the war, with production reaching an astounding rate of 150 engines per working
day at the hcight of production.”’ The engine was popular with the Allies. as it possessed
more power than any other aircraft engine available in the theater. As such, the demand for
Liberty engines was “far greater than the Air Scrviee’s demands alone.™ ltaly ordered 3,000,
the British ordered 300, and France requested a number of cngines as well. In terms of raw
numbers at the time of the armistice, the production of the Liberty engine has “never been
remotely touched in the production of any like complex mechanism."*

Transportation

While the production developments of the DH-4 and the Liberty engine were of paramount
importance, logistically speaking, nothing can lose a war faster than inadequate
transportation. Without the means to get the raw materials from the source to the
manufacturers and likewise the finished product overseas, all the efforts by the industrial
sector would not matter. It is likcly that the transportation infrastructure of the United States
was never tested as it was from 1917 to 1918.

The government realized quickly that transportation must be made available and that
those resourees were scarce in the country already. As the produetion tempo increased
throughout 1917, the means of transporting aircraft, engines, men, and materiel had to be
made aceessible. Therefore, in December 1917, the War Department established the Inland
Traffic Service. This organization immcdiately seized the existing railroads and designated
them for war use only. ™

Domestic transportation was only half the challenge facing both the airplane and engine
manufacturers and the military. Timely delivery of the planes and the materiel to support
them was still unproven. Ocean transportation was the lone option, and in a resurfacing
common theme, the United States lacked the capacity for this logistics area. Also. the United
States had never attempted to ship instruments as complex and delicate as these new planes
and motors. Whether or not they would stand up to the rigors of transoeeanic shipping was
unanswered.

In 1916, the United States accounted for less than 6 percent of the world's 35 million
tons of shipping (in terms of vessels).”* Efforts were madc to charter merchant marine ships
to increase the shipping capacity of the United States. 1t was not until 3 years into the war
that the United States ehartered seven ships in the fleet dedicated to the movement of materiel.
By the end of thc war, the maritime transport fleet was capable of shipping 2,310 deadweight
tons.*® The initial lack of tonnage not only hindered the delivery of aircraft and engines to
the European thcater but also complicated domestic port operations. The major ports of
embarkation (Hoboken, Brooklyn, and Newport News) were choked with materiel waiting
to be shipped, often with no ship to haul it. As aresult. US reliance on foreign shipping was
prevalent throughout the war. These port facilities ran at or near peak capacity throughout
the war. From August 1917 to the cessation of hostilities. nearly 2,000 tons of various
materials left American ports daily in support of the war effort.** Tonnage shipped to support
the aviation corps in Europe totaled 61.000 short tons. Not included in this total are the
quartermaster and engineer supplies used by the aviation corps (to include elothes, food,
rail improvements. and others).

Summary

The prewar environment seriously hindered the initial mobilization of the aireraft and engine
preduction industries. According to established logisties prineiples. the initial industrial
capacity of a nation is one key to conducting successful operations. At no time before the
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war did the United Statcs possess the required reserves needed to supply an air arm until the The government realized
production in this country reachcd adequate levels. This lack of reserves prohibited more
timely entry into the conflict, as there were no means from which to fill “unforecasted theater
requirements.” In addition, the initial planning for production was far too idealistic to be
feasible, given that there was little or no prior experience in this field of manufacturing.

quickly that transportation
must be made available
and that those resources

From a planning standpoint, the ability to determine what equipment was needed to fill were scarce in the country
cxisting (or planned) requirements was immature, as the planning for such operations was already. As the production
late in coming. Even as the production of both aircraft and engines improved, the level of tempo increased

production reachcd the level of consumption only at the tail end of the conflict.’* throughout 1917, the

The domestic transportation system was vital to the success of the US mobilization and
deployment of the Air Service in an efficient manner. In 1917, the domestic transportation
system in the United States was entircly adequate for supporting the mobilization effort. A
nation's transportation system is key in determining the ability of a nation to conduct efficient materiel had to be made
operations. If the transportation system can be developed, or is in placc to support the accessible.
necessary forcc requirements, then the rest of the logistics system can be brought in line in
time to be of value.”” While the logging operations in the Pacific Northwest encountered
problems in road conditions and weather, the ability of manufacturers to send the finished
goods to the ports was, on the whole, satisfactory. The government’s involvement in railroad

means of transporting
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operations (the Inland Traffic Service) provided the military with the means to transport
large amounts of men and matenel in a timely manner. Overseas shipping capabilities lacked,
initially, but were soon made sufficient through appropriation of a larger flect and
international cooperation. By the end of the war, the techniques used to deliver troops and
cargo were among the best available.
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Air Vice-Marshal Peter J. Dye, RAF

Logistics Lessons from the Past—
Deployed Operations

Anyone who has had to
maintain aircraft or other
complex weapons systems,
whether at home or
overseas, will know how
the unexpected can rapidly
degrade effectiveness,
notwithstanding the
resources available, or the
depth and detail of the
advance planning.
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Wot makes the soldier’s ‘eart to penk, wot makes ‘im 1o perspire? It isn’t standin' up
to charge nor lyin’ down to fire; But it’s everlastin’ waitin’ on a everlastin’ road;
For he commissariat camel an’ is commissariat load.

Northern India Transport Train— Barracks-Room Ballads
—Rudyard Kipling

l ogistics is not so much a science as an art and yct, under the pressure of
tighter budgets and downsizing, there is great temptation to adopt the view
that sophisticated resource modeling and realistic simulation (including

wargaming), together with careful staff work, are sufficient in themselves to provide for
effective support of deployed operations. But anyone who has had to maintain aircraft or
other complex weapons systems, whethcr at home or overseas, will know how the
unexpected can rapidly degrade effectivencss. notwithstanding the resources available.
or the depth and detail of the advance planning.

I am not suggesting we cannot continue to use the techniques mentioned abovc (and
others) to control costs and improve our logistics support. However. much of our recent
experience relates to a scenario that increasingly appears to have been driven by an
exceptional period in world affairs. Whether we like it or not, our current methods of doing
business largely reflect the lessons Icarned in the Cold War and are tailored to supporting
the main base concept. Of course, we cannot simply abandon tricd and tested procedures,
but we are entering a period of radical change and a concept of operations that owes more
to the Royal Air Force’s (RAF) experience up to 1945 than the subsequent 50 years of
peace. Recent studies have addressed thc RAF’s conceptual framework for developing
its capabilities to deal with new realities. Nevertheless, it is very much new territory, with
few examples and little practical experience to draw upon. That being so, I would suggcst
there is considerable merit in looking at how the RAF supported deployed opcrations in
the first half of this century, as part of the ongoing process to develop our post-Cold War
logistics strategy.

To those who suspect my thesis implies things wcre donc better in the past— that there
was a sort of logistics golden age —note the deployment in 1916 of the No. 29 Squadron
to join the Expeditionary Force. No. 29 Squadron had been formed at Gosport from the
No. 23 Squadron in November 1915. Towards the end of January 1916, 20 DH-2 Scouts
were allotted to the new squadron. It was decided (somewhat rashly as events proved) to
deploy the ground crew and support personnel, togcther with the squadron transport, ahead
of the aircraft move. The former proceedcd overscas on 14 March. Ten days later, the
aircraft set off for Dover, but mechanical problems (exacerbated by inexperience with the
new aircraft, the fact that the squadron had been largely without ground crew for nearly
2 weeks, whilst most of those remaining had contacted measles). poor weather, and
accidents en route meant that by the second week of April only 12 machines had actually
reached France. The overall attrition was even worse than one might suppose. since the
original allocation of 20 aircraft had been supplemented by further deliveries direct from
the manufacturer (but none with compasses fitted, which raiscd somc concerns amongst
those pilots, who had managed to reach Dover, as to the wisdom of a Channel crossing).
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Headquarters Royal Flying Corps (HQ RFC) subsequently calculated that, “the total number
of machines consumed. in order to deliver at St Omer 12 serviceable, was 27.”"" The majority
of these were scattered around Southern England, some written-off, whilst others ditched in
the Channel or crashed on landing in France. The pilots involved fared little better, suffering
their fair share of injuries, as well as measles, such that the last arrived in France over 2 weeks
later. All in all. it was not one of the RFC’s finest hours.

Whilst this catalogue of disasters may be entertaining at this distance, I doubt there are
any fundamental lessons ta be learnt. However, there are aspects of RAF deployed operations
in the Sccond World War that are actually quite instructive.? One example is the logistic
support for the RAF elements involved in Operation TORCH, the North African landings
that took place in December 1942. Some 450 aircraft were involved in the Eastern operation,
centred on Algiers, tasked with providing air cover for the shipping and ground forces, and,
once ashore, to protect against air attack and to support the subsequent land advance. Immense
difficulties werc encountered as this was the first large-scale amphibious landing to be
undertaken by the Allies. 1t was also the first real test of Anglo-American cooperation, the
conduct of joint operations and, most importantly, of joint planning. As far as the air element
was concerned, it was agreed that the Army would provide fuel and weapons, whilst the RAF

would furnish all support vehicles, ground equipment. and technical stores. The relevant The variety of aircraft and
cquipment was packed at maintenance units in the UK to schedules prepared by the Air engine types vastly
Ministry, but the sponsoring branches had no visibility of what was actually provided. It increased the dI.'f_'/'iCIllty Of

was subscquently reported by the units making up the packs that therc were 72 percent

o o 4 upply and repair
mabilities. All pack-ups were allocated, in the interests of security. field unit serial numbers. supply and repair at the

The code for these numbers was given a very limited distribution and not included in the school. More significantly,

administrative instructions. All stores were then loaded at UK ports for travel by convoy however, the RAF

directly to join the Eastern Task Force at Gibraltar. embarkation sz({[f'qf26
The actual landings met little opposition and the advance RAF ground partics were able personnel of all ranks was

to reach their designated airfields and receive the first Allied aircraft by 1030 on the morning
of D Day. Thereafter matters got more difficult. Enemy air attacks commenced in earnest,
fuel was in extremely short supply, and essential equipment cither did not arrive at the " .
beachhead or was lost on landing (this problem was exaccrbated by the limited attention being discharged.
that had been paid to the loading of the ships in the UK such that in some cases it took 2
days to unload priority equipment). It would be wrong to suggest the planners had not
anticipated the difficulties likely to be faced in landing large quantities The variety of aircraft
and engine types vastly increased the difficulty of supply and repair at the school. Mare
significantly. however, the RAF embarkation staff of 26 personnel of all ranks was quite
incapable of sorting the mountains of equipment being discharged. The result was not only
were the docks swamped with piles of stores which in fact would not be needed for many
weeks. but there was also no means of distinguishing between cases. A great deal of
unnecessary cquipment found its way to the forward arcas in place of items that were urgently
required. To make matters worse, although the consumption of ordnance was far less than
had been anticipated, the early consignments of bombs arrived with the wrong components
or without components at all; this included fusing links. By the end of January the process
of marrying up bombs with tails had still not been completed satisfactorily (without wishing
to exaggerate, there are cchoes of our own experience during Operation GRANBY). Therc
was also the usual share of unexpected. and hence unplanned, maintenance problems. For
example. the soft state of the airfields following heavy rain resulted in a large number of
aircraft ground looping and breaking their propellers, therefore stocks were rapidly exhausted.
Logistic problems did not end here. The numbers of RAF movements staff were totally
inadequate to the task and thus had to rely upon Army movements personnel. But without
the key to unit serial numbers. the latter could only surmise for whom the equipment was
intended. This gencrally ended in it being sent to the wrong unit. who, knowing only its
own serial number, could not dispose of the equipment to its proper destination. As a result,
much of the equipment oft-loaded from the first convoy into Algiers did not reach the correct
units until many weeks had elapsed. Finally, when the pack-ups were opened it was often
found the items required were either missing or present only in reduced quantities.
Those involved in the handling of stores at Al Jubayl during Operation GRANBY nearly
50 ycars later many have noticed some similarities between their experiences and the problems
encountered in Operation TORCH. In neither event was there effective enemy action to
interrupt the supply chain and yet immense difficulties were encountered simply as a result
of the scale and pace of the buildup, the sheer valume of stores and the almost impossible

quite incapable of sorting
the mountains of equipment
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This is not to say the
logistic planning had failed
to make provision for the
sustained support of
aircraft operations, but it
had been envisaged that
the majority of squadrons
once ashore would be
rapidly joined by their
assigned maintenance
personnel, as well as air
stores parks (with sufficient
equipment to support 30
days’ maintenance) and
repair and salvage units.
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task of locating specific equipment amongst the countless crates and International Standards
Organisation (1SO) containers on the dockside. One is forced to conclude that moving
thousands of tons of stores across a continent has always been the simplest (but not necessarily
the easiest) part of any logistie operation. My personal experience during Operation
GRANBY would suggest, however, that even this statement has to be qualified. | recall on
one occasion a serviceable aeroengine, urgently required at Muharraq. returning from
Lyncham on the same lorry that had rushed it down there —much to the distress ol the driver.
More importantly. the original inbound unserviceable engine was at that very moment
winging its way back to the Gulf in the back of a Hercules! To be blunt, delivering the
required item, to the right hands, at the right place and at the right time. remains the overriding
challenge for any logistic organisation. It is also true that forging the last link in the support
chain can be as difficult as assembling the remainder. It is a task made all the more
challenging in a joint multinational environment. subject to the vagaries of host-nation
support and the inevitability of unplanned (and hence inadequately provisioned)
unserviceabilitics. The way ahead must surely lic in both improving asset tracking and also
providing greater visibility of the supply chain to all parties, including the consumer as
well as the supplicr.

One of the unique aspects of the RAF’s logistic planning for Operation TORCH was the
creation and employment of servicing commandos. These units comprised up to 150 RAF
tradesmen, with intensive combat training, who were to be landed during the assault phase
and would be capable of defending themselves (and their aircraft), whilst also undertaking
the daily servicing, refucling and rearming of aircraft operating from advance landing
grounds and captured airficlds until such time as the main squadron servicing parties arrived.
In theory, the servicing commandos —although entirely comprised of Trade Group 1
(technical) personnel —could only provide rudimentary support as their tools and equipment
would be necessarily fimited. However, the two servicing commandos employed during
Operation TORCH had to undertake the maintenance of many more squadrons, of several
aircraft types, and for a considerably longer period than originally intended owing to the
difficulties outlined above as well as problems in assembling and moving the appropriate
technical personnel forward. In fact, instcad of being relieved after a few days, they were
employed continuously for 5 weeks without rest.’ Notwithstanding the scrvicing
commandos’ efforts, the lack of maintenance facilities and skilled personnel soon began to
make itself Telt in the form of reduced aircraft serviceability. This is not to say the logistic
planning had failed to make provision for the sustained support of aircraft operations, but
it had been cnvisaged that the majority of squadrons onee ashore would be rapidly joined
by their assigned maintenance personnel. as well as air stores parks (with sufficicnt equipment
to support 30 days’ maintenance) and repair and salvage units. Quite deliberately there had
been no provision for major repair (beyond what the repair and salvage units could undcrtake)
in the anticipation of a relatively brief campaign. In the event. the operational commanders
decided to accelerate the aircralt deployment plan and this, coupled with the supply chain
difficulties already outlined, meant squadrons were compelled to operate Tor some time
without support equipment, adequate servieing and repair arrangements, or even transport
and signals support. Typical of these dilficultics was the plight of the two Beaufighter night
fighter squadrons ecalled forward 3 weeks early. On arrival they had to be maintained by
members of the aircrew, co-opted ground personnel from a collocated Hudson squadron,
and mechanies from a repair and salvage unit. To eompound these problems, the
Beaufighters’ radar equipment had been removed for security reasons and sent by sea with
the ground personnel. Therefore, an emergency supply of radar equipment had to be flown
out direet from the UK before night fighter operations could commence. But. not surprisingly,
the hastily assembled maintenance team found the radar extremely difficult to install without
any specialist knowledge or the appropriate support equipment and tools.

Eventually, the second line maintenance units were able to eome into action, but this
did not immediately resolve every problem. The repair and salvage units found they faced
an immense backlog of repairs because of the delays and were effectively immobilised whilst
the stores parks discovered the storage space provided by the Army was but a fraction of
their actual requirements. Eventually some additional space was found in loecal farm
buildings. Strenuous efforts were made to recover this situation as the campaign developed
by improving both the support arrangements as well as the mobility of the squadrons.
Maintenanece personnel in the forward area were reduced to a minimum to enable the
squadrons to be placed on a mobile basis capable of movement at short notice utilising
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their own motor transport. The remaining imaintenance personnel were withdrawn to the rear
echelons. The forward stores parks were also reduced to innnediate issue stocks only (and
the personnel reduced accordingly). whilst the repair and salvage units were totally
withdrawn. other than small mobile sections to work with the squadrons. In general, these
new arrangements worked well and would provide the pattern for all subsequent campaigns.

Amongst the many other lessons learnt from Operation TORCH was the need to schedule
carefully the arrival of equipment and stores, whilst ensuring the necessary personnel and
repair facilities were in place as carly as possible to permit effective air operations. That
said, it was also clear too large a forward support organisation would take a disproportionate
share of the available shipping and assault craft, whilst also serving to hinder subsequent
mobility. Exercises undertaken in the UK during 1943, in preparation for the Normandy
landings, confirmed the overriding importance of reducing what might today be referred to
as the deplovment footprint. In fact, how best to organise the maintenance support for
squadrons whilst enhancing their mobility. was a question which group and command staffs
had been struggling with since 1940. Prior to the expansion of the RAF, fighter squadrons
were largely self-sufficient, cach flight having the capability to undertake in-depth repair,
as well as the normal servicing functions. It was soon evident this system could not cope
with the increased flying rate and greater technical complexity that accompanted the
expansion programme. As a result, maintenance support was reorganised on a squadron basis:
two flights being responsible for servicing tasks, whilst the third flight undertook major
repair work and the deeper inspections. This system. which today we would probably describe
as an auronomons maintenance organisation, remained in foree for the first year of the war.
However. during the Battle of Britain it was discovered that the mobility of squadrons was
adversely affected and the frequent squadron moves resulted in the maintenance personnel
being increasingly detached from their units, sometimes being spread over at least three
different stations.

In an endcavor to improve the mobility of the squadrons and avoid the need to transport
large ground parties and redundant bulky equipment Irom station to station, it was decided
to reexamine the maintenance system. After toying with a proposal to do away with all
maintenance personnel and rely entirely upon station support (the cenmratised approach). it
was agreed a semiautonomous organisation should be adopted. whereby the bulk of the repair
responsibility. associated tradesmen and ground equipment would be transferred to the
station mmaintenance party, lcaving only sufficient squadron maintenanee personnel to
conduct daily servicing and minor inspection tasks. The squadron engineer oflicer would
remain in the squadron but the station maintenance party would provide echelons attached
10 cach squadron. albeit under the command ol the station engineer officer. These echelons
could also provide a mobile unit to accompany the squadron for bare-base moves.

Over the next few years this orgamsation was further developed to become almost lully
centralised; the supporting technical personnel were in elfect entirely divorced from the
flying squadrons. A three-tier structure was introduced comprising: (1) the Advanced Landing
Ground, where quick turnaround servicing would be carried out by servicing commandos
(as already described): (2) the Airfield Area. capable of supporting three squadrons where
servicing was fully centralised under the station maintenance party: and (3) the Base Area
that undertook maintenance beyond the station maintenance party's capability or capacity
to complete in under 48 hours. The Airficld Area was in essence a mobile station. but to
achieve this it was necessary to create additional support units, including repair and salvage
units and lorward stores purks. This system was extremely successlul in providing eflective
support to the RAFs flying squadrons. both through the North Alrican and ltalian campaigns
as well as during and alter the Normandy landings. It should be noted that, notwithstanding
the centralised maintenance organisation, particular elforts were made to sustain squadron
identity by affihating Airticld Area echelons to speeilic squadrons under a squadron technical
officer. This also served to improve the welfare and management of the technical personnel
concerned. That said. such pragmatism was not allowed to detract from the overall policy of
centralisation.

As a footnote, the sort of problems experienced by the No. 29 Squadron in 1916 were
resolved by making temporary provision at the base airfields in Southern England for
maintenance support, while the squadron servicing personnel established themselves in
Normandy. In the event, the maintenance arrangements worked extremely well. The Tirst
servicing commandos landed on D+1 and received their initial aircraft on D+2 (on a
temporary basis, for refueling and recarming). By the alternoon of D+3 some 3.5000 RAF
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Turning to the lessons we
might draw today, I would
first observe that the RAF's
organisational structure to
support deployed and
mobile aircraft operations
in the Second World War
took some four years to
perfect. The result was a
lean, efficient system that:
sustained high availability;
enhanced squadron
mobility, flexibility and
economy in manpower and
equipment; and enabled
squadron commanders and
airmen to concentrate on
their operational
responsibilities.

58

personnel and 815 vehicles had been landed. The permanent move of fighter squadrons to
airfields in Normandy commenced on D+4, once the Airfield Areas were ready to receive
them. Thereafter the pace of deployment accelerated such that, by the end of June. one wing
was arriving every S days. Once again, the servicing commandos had proved invaluable,
not only enabling damaged aircraft to return back to base, but also ensuring an extremely
high availability rate. Nevertheless, once the bridgehead was established and the Airfield
Areas in theatre, their importance rapidly declined and they wcre withdrawn at the end of
July.

Asin Operation TORCH, a number of environmental maintenance problems arose. Rather
than wet airfields, the cause in this instancc was dust. The soil on which the landing grounds
were constructed contained a very high proportion of silica which lessened the life of
engines, particularly those not fitted with air-cleaning devices (such as the Typhoon’s Sabre).
Unserviceabilities rapidly rose and it was only by pumping o1l and water onto the airfield
surface and minimising warm-up times that the problem could be contained (but not before
66 engines had been damaged beyond repair). There are echoes again here of the RAF's
experience in Operation GRANBY. I would only add that maintaining sophisticated aircraft
and weapons systems outside of their normal operating environment is something that has
to be practised. Careful planning, experience, and foresight are not a substitute for the rcal
thing!

Following the Normandy breakout, the primary problem facing the maintcnance
organisation was the ever lengthening lines of supply. Transport aircraft were used to
supplcment the supply chain and, in particular, to deliver aviation fuel to help support the
momentum of the advance. This was successful, and at no stage were operational units ever
prevented from carrying out sorties for lack of supplies. In order to avoid bottlenecks and
minimise forward storage requirements, the provisioning system was based upon a call-
Jforward principle, rather than the base organisation sending supplies into the theatre at
will. This has clear parallels to today’s concept of just-in-time supply and express chain
management,

Turning to the lessons we might draw today. 1 would first observe that the RAF’s
organisational structure to support deployed and mobile aircraft operations in the Second
World War took some 4 years to perfect. The result was a lean, efficient system that: sustained
high availability; enhanced squadron mobility, flexibility and economy in manpower and
equipment; and enabled squadron commanders and airmen to concentrate on their
operational responsibilities.’ It may well be the servicing commando concept—given the
remote possibility we will again be required to participate in an amphibious assault on a
hostile shore —will remain simply an historical curiosity. Nevertheless. and notwithstanding
the passage of time and subsequent technological development, the lessons of 1939-1945
provide much food for thought in deciding how best to develop logistics support. Do we
really have the right maintenancc organisation to cope with the post-Cold War era? To
date, studies have focused largely on the mechanics of deployment support and the resourcing
implications rather than the organisational aspects and how this might be developed to
enhance mobility and reduce the forward support requirements, particularly the deployment
footprint. I have always been an enthusiastic proponent of the semiautonomous maintenance
organisation, believing the enhanced squadron esprit de corps brings very real benefits.
But. this should not blind us to the very real issue of whether such a system is the best or
indeed the only way to support deployed operations in the future. Is there not a very real
danger that we are solving tomorrow’s problems with today’s solutions? At the very least
the question should be debated.

Notes

1. AIR 1/127/15/40/152, Public Records Office, Kew, London, UK.

2. Much of the source material comes from the Air Historical Branch, Official History on The Development
of RAF Maintenance 1939-1945, published in 1954,

3. Davies and Kellett, A History of the RAF Servicing Commandos, 1989.

4. Report on the Air and Administrative Organisation of the 2¢ Tactical Air Force. Air Minisiry, 1947,
89. Pact with Germany and ltaly on 27 September 1940, a pact thar was aimed directly against the
United States, further exacerbated US-Japanese relations.
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The C-5 TNMCM Study Il proved to be a stern
test of AFLMA's abilities and perseverance.
Considering the numerous potential factors
that impact TNMCM rates as well as the
C-5's historical challenges in the areas of
availability and achieving established
performance standards, the study team was
determined to apply new thinking to an oid
problem. The research addressed areas of
concern including maintaining a historically
challenged aircraft, fleet restructuring,
shrinking resources, and the need for accurate

and useful metrics to drive desired enterprise

resuits. The team applied fresh perspectives,
ideas and transformational thinking. As a
result, the study team developed a new
detailed methodology to attack similar
research problems, formulated a new
personnel capacity equation that goes
beyond the traditional authorized versus
assigned method, and analyzed the overall
process of setting maintenance metric
standards. AFLMA aiso formed a strategic
partnership with the Office of Aerospace
Studies at Kirtland AFB in order to
accomplish an analysis of the return on
investment of previous C-5 modifications and
improvement initiatives. A series of articles
was produced that describes various portions
of the research and accompanying resulits.
Those articles are consolidated in this book.
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Lieutenant Colonel Todd J. Schollars, USAF

German Wonder Weapons: Degraded
Production and Effectiveness

Germany produced a large
number of high-technology
weapons during World
War Il. However, unlike
the Allies’ atomic bomb,
electronic warfare, or
Norden bombsight, the
Germans were unable to
reap benefits from their
investment.
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Introduction

orld War II was the greatest conflagration this planet has ever known. It

started as a few hegemonic nations annexing territory for economic

reasons, then became an ideological battle between right and wrong. and finally
ended in a battle of survival for Germany. Facing the Allies™ unconditional surrender
demands. the Germans combined fervent ideology. a powerful industrial base. and cutting-
cdge technology to produce weapons to stave off the Allied tide. The effort was mostly
concentrated in developing air weapons, where Germany tried. and ultimately failed. to
meet the dual and competing nceds of strike and air delense. Germany developed several
wonder weapons to overcome Allied quantitative superiority. Some of these weapons were
obviously flights of fancy. while others served as the basis for many US and Soviet weapon
systems in the Cold War. German wonder weapons were a cut above anything the Allies
had. yet they were not able to change the tide of war because there were not enough of them
on operational status. This fact generates two questions. First, why couldn’t the Germans
produce and deploy their advanced technology m any effective numbers? Second, if German
wonder weapons had reached the Tront in quantity, would they have made a difference in
the war's outcome?

The Wonder Weapons

Germany produced a large number of high-technology weapons during World War 11.
However. unlike the Allies’ atomic bomb, electronic warfare. or Norden bombsight. the
Germans were unable to reap benefits from their investment.

The Messerschmitt Me 262 1s. along with the V1 and V2, the best known of Germany's
wonder weapons. It could fly at more than 540 miles per hour (compared to the P-51"s 437
miles per hour); had an operational ceiling of 37.000 leet: and packed a punch with its four
heavy. fast-firing 30-millimeter MK 108 cannon concentrated in the nose.' It was so far
advanced beyond other fighters that General Adolf Galland, commander of Luftwaffe
fighters. declared on his first flight, It felt as il an angel was pushing.”™ The technology
behind this superb aireraft was the turbojet engine. which produced more power than piston
engines and created less drag than a propeltler. The amazing performance of the turbojets
shocked Allied aircrews when they first saw the Me 262. 1t could easily outrun escort fighters,
allowing Luftwaffe pilots to dictate the terms of combat. This was especially important for
overcoming the Allies’ quantitative advantage. Once they werc in close. they could deliver
devastating fire from their cannon and rocket armament; only a few hits could bring down
a heavy bomber." The Me 262 clearly made Allied air leaders nervous because it represented
the potential for Germany to regain air superiority. However. the aircraft was not without
problems.

The turbojets of the 1940s were still in their infant stage and required delicate care from
pilots and maintenance personnel alike. Any sudden throttle movements could cause an
engine flameout. resulting in deceleration and a lengthy engine restart—not ideal when a
pilot was in combat. The high speeds made formation llying difTicult. complicating the
coneentrated attacks essential to breaking up bomber formations.” Both these limitations
required highly experienced pilots, something Germany would find in short supply late in
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the war. Additonally, maintaining the Junkers Jumo 004 engine was time-consuming and
needed considerable skill. also in short supply. Each engine had a life of about 15 to 25
hours before needing replacement.” creating both maintenance and logisties supply
headaches. Rarely did an Me 262 geschwader (wing with 60 to 90 aireraft) have more than
16 servieceable aircraft for a mission.® Even with these problems, the Me 262 was still a
potential war winner, if not for production and operational obstacles.

Germany was an early pioneer ol air-to-air and air-to-ground rockets and missiles. One of
the simplest, yet most effective was the R4M unguided rocket. The Me 262 could carry 24
of these small, simple, easy-to-produce weapons. Their size belied their strength: fired from
outside the range of American .50 caliber defensive guns, one R4M had “indeseribable
efficiency —firing a salvo would hit several bombers—one rocket would kill them.™ The
attacks had the added benefit of breaking up bomber formations, making them more
vulnerable to other Luftwafte fighters. R4Ms also had the same ballistic characteristics as
the MK 108 cannon, meaning the Me 262 could use the same sight for both weapons.” A
more advanced weapon was the X-4, a fin-stabilized. liquid propellant, air-to-air missile,
having a speed of 600 miles per hour and a range of 3.7 miles. After firing it from an Me 262
or Focke-Wulf Fw 190, the pilot would guide it to the bomber target via a wire eonnecting
the missile and launching aireraft. Then the missile would detonate on impact or with an
acoustice fuze.” The guidance system had the major disadvantage that the pilot coutd not
maneuver his airptane while guiding the X-4. a serious problem considering Allied escort
fighters. Germany was developing an acoustically guided version, using a type of sonar to
reach the target and explode, but the war ended before it was ready. Had the Germans deployed
the R4M or X-4 in significant numbers. it could have dented the Allied bomber offensive.
Moreover, since the Luftwaffe was primarily a striking force, German scientists did not
confine themselves to air-to-air missiles.

Germiany developed two air-to-ground guided weapons during World War 1, both used
primarily to stem the tide of Allied shipping crossing the Atlantic Ocean. The first was the
Henschel Hs 293 —a t, 100-pound bomb with 10-foot wings, a tail, and a liquid rocket engine.
The taunching aircraft would fire the Hs 293 from outside the target ship’s antiaircraft range
(possible with the bomb’s rocket). then remote control it via radio during its terminal glide
to impact. The Hs 293 only impacted at 450 miles per hour. so it had less penetrating power
than conventional bombs and wus eflective only against merchant ships.” The Germans
overcame the penetration problem with the Fritz X guided bomb. This weapon did not have
any propulsion. Rather. the aircraft dropped it as a normal bomb, then the bombardier guided
its steep descent by radio remote control.' Both the Fritz X and Hs 293 had spectacular
success, but Allied defenses overcame these weapons because of limitations cited later.
Interestingly, the primary carrier of both weapons was the Heinkel He 177, a bomber whose
serviceability greatly limited the bombs™ employment, indicating Germany's integration
problems.

The Germans also used rockets to propel their fighters. Two specific rocket highters stand
out as examples of what Germany was first able to design, then what shortages drove them
to implement. First, the Me 163 was a high-performance intereeptor. It relied on its flying
wing design and single Walter R 11-203 rocket engine to produce astonishing performance.
1t could reach more than 620 miles per hour and climb to 20,000 feet in « little more than 2
minutes. Allied fighters could not touch it, and it presented bomber gunners with a near
impossible leading aim calculation. Like the Me 262, however, its propulsion system was
not perfect. The fuels were hard to manufacture, extremely corrosive, and would explode if
not properly mixed."” Further, two of the fuel tanks were beside the cockpit: any vapor or
liquid leaks were lile-threatening to the single pilot. The rocket burned more than 18 pounds
of fuel per second, giving it not much more than 100 seconds of total burn time before the
Me 163 became a vulnerable glider. Therelore. while it was a good basic design. lack of
further development made the Me 163 operationally ineffective.

The second German rocket fighter was driven purcly by economic and pilot shortages.
The Bachem (Ba) 349 Natter launched vertically. climbed at more than 15000 feet per minute,
then flew at 600 miles per hour into the Allied formations, where it relcased its nosetul of
unguided rockets. Once its fuel was spent, the Natter glided back to base where the pilot
¢jected himself and the rocket engine —both then parachuted to earth.” The reason for this
event was threefold. First. the aircraft structure was cheap and made of noncritical materials,
so it could be disposed of. Second. the rocket was difficult to manufaeture. so it needed to he
saved. German enginecrs also knew that the shoek of landing was likely to detonate any
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residual fuel, with dire results for the engine and pilot. Finally, the Natter was designed for
inexperienced aviators. Since the vertical takeoff required no skills and landings were not
attempted, pilot training could concentrate on intercepting the enemy." This was clearly
an extreme circumstance brought on by Germany's desperate situation late in the war.

The final wonder weapons of note were the V1 and V2 rockets, likely the best known of
any German weapons. The V1 or Vergeltungswaffe (vengeance weapon) 1 was the world’s
first cruise missile. It employed a novel pulse jet engine (which made a distinctive sound,
hence the name buzz bomb) and short wings to carry its 1,874-pound warhead to targets up
to 150 miles.'* While the overall idea was advanced, the V1 was actually unguided and tlew
a straight course until its primitive range-setting device locked the controls and crashed the
missile into whatever was below, detonating the V1°s warhead. This obviously was not a
precision-strike weapon, but it did kill 6,184 people in and around London. This is still a
record numbcr of cruise missile deaths, impressive considering the number the United States
has launched in the last 13 years.'" The V2 was a prewar project designed to attack targets
beyond the range of artillery. It was an unguided ballistic missile and the forerunner of
today’s intercontinental ballistic missiles and tactical ballistic missiles (the Scud is a direct
descendent). The 28,500-pound missilc lifted its 2,200-pound warhead'” in a ballistic
trajectory, then plummeted to earth at more than 2,200 miles per hour.”® V2s were
unstoppablc after launch; the only way to halt them was bombing the factories or launch
sites. V2s inflicted 2,754 deaths in London, Amsterdam. and Antwerp, a record that stood
until thc immense Scud exchanges of the Iran-lraq wars.' The V1 and V2 were the only
mass-produced and employed wonder weapons. As we will see later, there were several reasons
why they were not able to produce the cffects Germany needed to turn the tide of war.

1t is evident the Germans devcloped air weapons without equal. However, their failure to
mass-produce and deploy these weapons is a monument to what could have been. 1t is
important to remember that while the air effort received the most attention, the Germans
also developed land and submarine wonder weapons. all theoretically capable of providing
the push Germany nceded to overcome the Allies.

Production Problems: Why Germany Could
Not Deploy the Wonder Weapons

Germany arose from the ashes of Versailles to becomce a huge cconomic powecr. Its industry.
technology. and mass-production capacity led Europe and most of the world in the 1930s.
So why could Germany not produce its wonder weapons in significant numbers? The problem
was not capability. Rather, it was the restrictions and obstacles Germany placed on its
industry that affected the production time line of extremely sensitive weapons. Four reasons
behind Germany's lack of production are discussed here: political and military interference;
the difficulty of mass producing advanced weapons; a lack of strategic vision; and finally,
damage and dispersion resulting from the Allies’ Combined Bomber Offensive. Any one of
the reasons was enough to hamper gcenerating high-technology arms; all four in concert
werc absolutely crippling.

Political interference was a great obstacle to producing weapon systems and was
particularly fatal to advanced systems that required long development times. The political
obstruction started early and at the top of thc Nazi hierarchy. On 11 February 1940, Hitler
canccled all development work that could not get aircraft to the front within 1 year.™ Work
stopped on a half dozen major projects, from jets to long-range bombers, all of which would
have madc the Luftwaffe more capable of fighting a lengthy war. When Germany became
desperate for advanced weapons, its hurried response would produce aircraft that had not
benefited from full development processes. So confident in carly victory were Germany's
lcaders that they cut the Icgs out from under the Luftwaffe before the major war really started.,
denying it any chance of victory in a drawn-out conflict.

High-level conflicts marked the Nazi regime, as Hitler ducled with his advisors for control
of the German military’s strategic direction. Hitler cut through many of these disagreements
by removing dissenters and consolidating power to himself. For example. he alrcady had
taken command of military operations when he took control of critical production programs.
Although Hitler had a weak technical knowledge of aviation,”! he realized the importance
of jet engines and personally controlled jet engine allocation after June 1944.2 His tight
control took allocation away from production experts. The result was haphazard distribution
to manufacturers and operational units, with a corresponding drop in production and aircratt
in-service rates. Compounding Hitler's central control was his top officials’ fear of or refusal
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to confront him on decisions they knew were wrong. At best, dissenters received Hitler's
extreme verbal abuse, at worst, removal from office. By 1943, Hitler distrusted the Luftwaffe,
and there were many cases of Hermann Goering’s passively watching Hitler sow the seeds of
his air force's destruction.?* Even the outspoken Erhard Milch, chief of Luftwatfe production,
took orders without objection. When Hitler uncanceled the Me 209 program in August 1943,
Milch said. “But [ have my orders. I am a soldier and must obey them.™** He knew the restart
would split Messerschmitt’s production between an obsolescent fighter that would never
see operational service (the 209) and a potential war winner (the 262). The best and most
damaging example of this phenomenon is seen in the saga to produce the Me 262.

The Me 262 jet started development as a fighter and had capabilities far beyond
contemporary piston engine aircraft. It was the top priority for production after Galland’s
first flight and subsequent endorsement. Milch canceled the Me 209 program to devote full
attention to the new jet. However, Hitler interfered and restarted Me 209 production, largely
out of fear of another failed advanced aircraft (such as the He 177) and its associated risk.
There were already several problems with getting the Me 262 into production. Mileh knew
Hitler's decision to continue the Me 209 would take up space on Messersehmitt’s assembly
lines and delay operational employment of the Me 262 but went along, happy the Me 262
was still a fighter,” Unfortunately. Hitler's interference in the program had only started.

Hitler observed Me 262 demonstrations in Deecember 1943 with several staff members,
including Goering, Milch, and Galland. After sceing the Me 262, Hitler remarked, “[ sce the
Blitz bomber at last! Of course. none of you thought of that!” Galland, referring to the plane’s
obvious fighter characteristics, remarked in his autobiography. “Of course, none of us had.™*
Milch actually went behind Hitler’s back and continued developing the Me 262 as a fighter.
When Hitler found out and confronted him at a meeting on 24 May 1944, Milch responded
that the plane required extensive modifications and delays to become a bomber. Hitler
exploded. “You don't need any guns. The plane is so fast it doesn’t need any armorplate
cither. You can take it all out!” He then turned to the Luftwafte’s director of research, who
responded that Messerschmitt could make the modifications without difficulty (actually,
removing the guns and armor to make way for bombs would have changed the center of
gravity so much Messerschinitt would have had to move the wings). Goering and Galland
were so browbeaten, they remained silent, but Milch finally had enough. saying, “Even an
infant could see it was a lighter.” Hitler fired him 2 weeks later. Thus, Hitler's meddling
and his highest advisors’ ineffectiveness at objecting caused significant delays in a potential
war-winning aircraft and led to the dismissal of his best aircraft production coordinator. The
Me 262 would eventually become a fighter but too late to be produced in numbers sufficient
to wrest air superiority from the Allies. There were other systemie problemis with producing
the jet fighter. but Hitler’s interference made it impossible for Messerschmitt to stick with a
firm production schedule. This was only one of several obstacles that kept the wonder weapons
out of the air.

High-level intertference and bickering were not the only impediments to production. The
Luftwaffe’s officers contributed as well. Galland remembers rival fanatical groups within
the officer corps, some more dedicated to Nazi idealism than actually producing an effective
air force. This led to a crisis of trust and leadership. two elements on which depends the
fightng strength of any unit.” Its result was no single voice speaking for the operational
and strategic nceds of the Luftwalfe; it also made it difficult for the Luftwaffe to present a
united front to dellect high-level interference in weapons programs. Furthermore. we often
remember the Luftwaffe as an honorable band of eagles. However. several pilots accepted
checks from aircraft companies to endorse their products— planes that were often inferior.”
This, combined with Goering's financial interest in several aviation factories, meant Germany
based production choices on personal profit, rather than capabilities. Making inferior planes
not only put the Luftwaffe further behind but also took assembly line space away from
advanced projects. Military interference also played on a grander scale before the war even
started by creating a war industry that could not meet the demands of mass production.

Germany's advanced technology production problems lay both in the character of the
industry and pervasive military interference from project inception through delivery. First,
German industry was craftsman-based to deliver very complicated weapons.* This was ideal
for creating wonder weapons but made it nearly impossible to mass-produce them. Second.
the armzments industry spread its capacity over several different specialized designs, Instead
ol a core of proven aircraft, German industry had 425 types.” once again hindering mass
produetion and limiting the number of advaneed aircraft produced. The reason behind this
structure was military fastidiousness —the Wehrmacht liked working with specialized
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craftsmen because they could respond to the field’s demands for weapon changes. These
changes did make the weapons more eflective. but the constantly changing specifications
made mass production impossible. No engineers or industrialists were consulted betore
making changes.™ creating inefficiencies that further limited production. Finally, the
Luftwalfe’s first transformation came during the 1930s, when it could upgrade its equipment
in peacetime, Conversely, the Allies had to transform carly in the war; then stuck with late
1930s technology pushed to its limits, a huge production capacity overcame any qualitative
shortfalls. However, Germany tried to transform to wonder weapons late in the war.
Transitioning to a supenor model in war actually can cause substandard combat readiness
and degraded logistics as operators and maintainers learn to deal with new technology.™
The result was German industry produced too little, too late. and actually decreased the
Luftwaffe’s capability.
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