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ABSTRACT I

Can Aircrew Training Device (ATD} testing be restructured to better support concurrenl simulator-aircraft development

and delivery to the using commands while reducing cost, mitigating schedule risk, and effectively. using o reduced =~

number of experienced lest personnel? Traditional development and acceptance tesiing followed an iterative process of
identicai activilies conducted first by the confractor then repeated by the Government.. This inefficient process
increased program cost and schedule risk. The realily of force downsizing hos contributed fo test risk by reducing the
number of personnel available top support a traditional test program, especialy o program seeking (o acchieve .
concurrency. To deal with these problems, the B-2 ATD Covernment-Coniroctor {eam developed o combined {est
methodology to elimingte redundant {est, consofidale similar activiies and complement the major program objective,
concurrent development and delivery of the ATDs. The purpose of this paper is threefold: first, lo identify the test
related problems associoted with concurrent development of complex traning devices for ¢ highly software-dependent
aircraft not yet in flight test; second, to Hlustrate the team=-oriented structure and process of combined test and how it
proved critical to B-2 ATD deiivery and functionality, and third, to present ihe results - the on-lime delivery of iwe
B-2 Arcrew Treining Devices that reffect the configuration and capabilities of the first operational B-2 delivered-to Air
Combat Cammand.
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THE CONCURRENCY CHALLENGE

From the very beginning, the B-2 Aircrew Training Device
(ATD) program faced a mgjor challenge —- to develop
and deliver a concurrent ATD prior o deployment of the
first operational aircraft.  While the parcllel procurement
of o new weapon system and its associcted training
system is now an accepted practice, this process wos
largely uniested. when the B-2 ATD program began in
1685.

On paper ond in o perfect world, parallel develspment
and delivery of both aircroft ond training devices s
possible.  -Figure 1 depicis specific paths for eoch
development program that could be token {o ochieve
concurrency, paths falored fo o program that uses
actual aircraft Operational Flight Programs (OFPs) as did
the B-2 ATD program. The design and development of
the aircroft QFPs porallels the design and development
of the supporting ATD hardware, software, instructional
features, ond environmental foctors unique o the
simulalor are initioted.

Jpon simultoneous release of the qualified OFP to fiight

functionality.
basic capability hos been integrated,

Upon conclusion of flight test, the same
tested in the ATD

~and accepted by the Air Force. When the aircraft is in

the Rework/Updote slage, the ATD receives —those
updates prior to related aircroft flight iest and integrates
them, with appropriote regressicn testing, in line with
aircraft flight test to assure the same functionalily in -

- the ATD as the delivered air vehicle.

" members qualified in the B-2 or

In addition "to these complex development activilies
encountered by the-B-2 AID program, the ATD test
requirements were greater thor™ those encouniered in
simulator programs for established awrcreft.  Not only
were we required to test the normel funchionglity
ossqciated  with high  fidelity flight simulators (e,
motion, oural cue, visuals, etc.), but we were faced with
a brand new radar with very unique capabilities and the
most complex OFPs yet fielded for any aircraft.  The
unique cerodynamic performance cf the “flying wing’ also
odded odditional test procedures to  assure faithiul
tepreseniation of the aircraft’s flight choracteristics. Al

_of ihis had to be accomplished under severe perscnnel

constroints driven by the limiled number of aircrew
even familiar with the

test and_the ATD, the code is iested ond integrated inte B-2 systems..
the WST to ossure compatibility with ATD interfaces,
environmental  factors  and  simuloted . aircraft
. FIt Test
OFP Avail Verified
Aircraft Design/Dev. Flight Test O Rework/Update O
g ODperutionuI Capabilily _4
L 7
ATD Acquisition Dev/Intg/Test Updale/Retest ()
- Analysis - HW/SW Integ, - tpdate from Fil Test
- Interfoce Def. - Incremental Test - Veridy
~ Unique Design/Dev.
Figure 1
Concurrency



To successfully accomplish a concurrent develepment is

a challenge thol requires a relatively stable baseline --

and OFP stabifity was o challenge as the B8-2 aircraft
progrem drove toward inilial gircraft delivery.  There

were three (3} mojor OFF releases before delivery of the

first aircroft, releases involving significant  software

changes as a resull of flight test and the need to
accornmodete maturing functionality.  This incremental

delivery of aircraft software was not part of the ATD plan

and “broke” our scheduls.  foch new OFF updale

required time to integrate into the ATD, ond i1n some

cases required- redesign of the ATD interfoce sofiware.

All updates reguired some degree of regression testing

activities.

It was obvious thol something sigmificant had lo be done_.

i we were {0 incorpcrate the qircraft chonges and still
deliver an ATD 90 days prior o the arrival of lhe first
oireroft. The incremental OFFP delivery schedule coussd
our original test and delivery plon, which ossumed only
one OFP delivery, to be unoble to meet program
requirements.  To deliver ond meet the user's needs
dictofed that time savings be made in the test program
angd its schedule.

THE PROBLEM - A TRADITIONAL TEST PROGRAM

The original B-2 ATD test program was structured in line
with o traditional process required by the Stotement of
Work (SOW). As illustreted by Figure 2, the test progrom
consisted of a- succession of serigl and often redundant
tesl oclivities designed to ensure that the defivered
product  met the requirements of the system
specification ¢s well as the training needs of the user,

The orignal  plan  required  extensive  contractor
engineering activities to integrote ond verify sysiem
performance (including running of the lest procedures by
the individual engingers). . The formal test program then
began with Contractor In-Plant Verificotion Testing, which
‘wos ‘the complete cccomplishment of the proposed

Development Test Procedures. (DTPs) by Link Quality

Assurance (QA) personnel and. witnessed. by designated
Government qualily representatives.

After completion of Verification Testing end correction of

all deficiencies. identified during this phase, Government
Development Test and Evluation (0T&E) began with g
Computer Program System Generation (CPSG).
CPSG or Cold Start was followed by Government In-Plant
Development Performance Testing, which wos the Air
Force -accomplisnment - of selected systems ond
subsystem tests contained in the DTP. The historical

_reasons for this form of DT&L are valid, but there is no -
denying the redundancy of this test aclivity in light of

the previously completed Verification Testing. Once all
specification testing wos complete (Verification and

The -

DT&E), in—plont Initicl Operctional Test & Evcluation

(I0T&E) was planned to evalucte the ATD’s . operctional

eifectiveness ond suitability, os well os io ensure that

the first delivered devices met the user’s requirements,

The some process of Verificafion Test, OT&E and I0T&E
was repeated on site.. Early program schedules included
up tc 25 weeks of formal in—plant test activily. In

- addition, the on-site test requirements helped sirefch —
the teardown, pack, install, checkout and acceptance of
- the ATD to 27 weeks.

In all, approximately 11 months
from start of in—plont test to final accepiance for each
device,

Coniroclos ! Air Force - ! Air Force _%! Tt?tlFfJ Diwn

Hardware
Softwore =>4 Verification in~Plant  |—= In-Plont ag
Integration Test [Tt el Ship _-[

/

Controclor Kir Farce Air Force A I
Iré?lu[ikonéj ~>  On-Site Acceptance On-Site g;nrl LS pp-250
ieckou Verification Test OT&E
Figure 2

Traditional Test Approach




But iime was nol the only problem with our origingl test
approcch.  Each of these serial, and often redundant,
tesl pericds waos precedsd by a readiness review to
address g specified set of extensive and often confusing
criteria that hod to be mel in order to continue.
Becouse a different ogency wos responsible for each
phase of the formal test (Controctor QA ond "designated
government representative” for Verification Testing, SPO

Engineering for DT&E and AFOTEC for I0T&E), there were.

different "agendas” and lorge variances in methedology
for eoch respective test period. While nat @ given, the
exislence of separate tests by separate ogencies with
separate goals can be extremely inefficient, and not
necessarily conducive o success. LT

As deivery of the first B-2 to Whiteman AFB
approached, and the 8-2 ATD progrom moved loward
initial training device delivery, it became - apperent . that
the troditional test flow needed a compiete -overhaul to
meet the chollenge of an occelerated, dynamic and
fiscally constrained program. Test conduct hod to be
streamlined, tesi time hod to be reduced, all while test
quality remcined at the highest level. To deliver g
qualty product under the constrainis of the progrom
required a new way of doing business.

THE TEST SOLUTION - TEAMWORK = _

In late 1991, representatives of the Arr Force and CAE-
Link met to construct the new test plon and schedule
while retoining the goals of o iraditional test progrom
through a more efficient  approach. Al parties
recognized the need for innovation ond cooperation and
put .oside individuo!  organizational - preferences,
requirements and "urf" issues. Discussion uliimately led

CAE=Link
Quality
Assurence

Joint Test
Management
Team

to o key agreement thal ol test agencies had equal
responsibility for {he successful completion of test --
-success defined os on-lime delivery of a thoroughly .
tested ATD that met the user's requirements. This led
to the formation of a gquasi—formal commitiee chorged
_with cll lest responsibiities ~-_the B-2 ATD Joint Tast
Management Team (JTMT) (See Figure 3). The JTMT was
made up of Air Force and Llink organizations charged
with primary B-2 ATD syslem test responsibility. Under
the JIMT concept: '

0. CAE-Link Engingering is responsible for building

and ‘ntegrating the ATD, developing the test

" procedures, ond correcting ony deficiencies

found curing lest.  Engineering supporl of
actual test conduct is also provided.

b. CAt-Ltink B-2 ATD Quality Assuronce s
responsible  for  accomplishing/witnessing
conduct of Verification Testing and ony other -
testing using the DTP.

¢ CAE-Link B-2 Program Test Menoger s
responsible for coordination of !l Link formal
lesl aclwities and . providing the Tink single
point of contact for test.

d. The B-2 System Progrom Office is responsibie
for Air Force management of the B~2 ATD Test
Program. The SPO Test Manager is respansible
for coordination of all Air Force activities and
decisions during lest.

B-2Z-System
Program Office
Test Manoger

CAE-Link
Engineering

Figure 3
Joint Test Management Team (JTMT)
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The members of the JTMT shared equally in decision
moking and the - responsibilily for test success.
Unanimeus decisions were the desired oufcome bui ihe.
Air Force Test Manager, and not other JTMT members,
refained "Velo Power”. In cases where agreement could
not be reached, the Ar Force was "most equal®.
Provisions were made for the Arr Force OT&E Test
Director to sit us part of the team during pericds of
I0T&E ond to porticipate, as desired, duriig cther
periods of iest.

Once formed, the JIMT set to work- to restructure the
test program, scheduled to begin in just four months.
In its efforls, the team drew upon its significant
collective experience in simulalor development ond test
ond the experience ond work of others in this arena.
One work, the process known as “Simulotor Test 2000,
developed by an Arr Force = Industry Critical Process
Team under the ouspices of Toial Quality Monagement,
ployed ¢ role in the restructure of efforls. The basic
concept of "Simulator Test 2000", with its early
assessments, efimingtion of redundant test activities, cnd
high-level mission cclivities, was used ¢s we developed
the B-2 ATD Combined Test Program depicled in Figure
4,

One of the first requirements for an efficient yet
complele fest, the Development Test Procedures (DTP),
hod clready been constructed.  Written ot a relatively
high fevel, they aossumed a basic level of system
know'edge by the test porticiponts. While this approach
resulted in some Test Discrepancies (1Ds) due o

operaler inexperience, . the benefits gained in efficiency, -

as well as @ more dynomic and realistic exercising of
the system, more than compensated for the few exira

Ms.  The JIMT next reviewed Link’s Configuralion
Management - and Load Build process fo reaffirm an

- earlier Test Planning Working Group decision that a CPSG

was unnecessary ond need not be accomplished.

The serial and redundant naiyre of Venfication testing'

. ond Government DT&E was the next issye we tgckled.

The solution wos stroighiforward ~~ combine these two
activities. However, the Ar Force retained the right {c
conduct any odditionat lests it felt were negessary.
During Combined Test, the DTP was run jointly by Link

. QA ond designated Air Force representatives and system

experts.  Any TDs written carried .two signctures ond
subsequent  rechecks of these TDs carried  lwo
signatures.  Side-by-side accomplishment of tha DTP

ond the honds-on manogemenl of test by the JIMT
allowed the B-2 SPO to grent credl t for DT&E up fronl
saving significant time and effort,

Having decided on the process we termed "Combined

Test", the JTMT still had to produce o delgiled glan to

accomplish the full DTP in a more efficien! marner while
retaining high confidence n the qualdy of test. This
task wos even more important since the feam wanted to
ossure that the test was sufficient to preclude exercise
of the Air Force’s "odditicnal test cplion". This was
accomplisned by first grouging the DTP sections inio
logical biocks and applying historical time fectors based
on engineering dry runs, and then developmg a worst
case test sequence. This worst cese scenario produced
¢ new serial combined iest of 24 weeks durgtion, cne

“week_less than the - tradilional approach, but too long

under our current schedule constraints.

! Combined Test ! Air Force

In Plant Hg| > Verification Test |~
DT&E

e [y Teulg Dﬁwn
n-Plan ac
I0T&E Ship

Instoll Combined Air Force
On Site |  Checkout >| Acceptance |  (On-Site 00-250
Test Test oT&E o]
+ Block Q Only
*+ Block 10
Figure 4

Combined Test Program




Additional “scrubbing” of the test procedures identified .

specific lesls thot could be _run in parollel or
simultaneously (e.q., slondalone radar and  cero
performance tests which do not require use of the ATD).
A number of lests thal could be run more efficiently
during teardown or installction on--site were deferred.
Finally, results of engineering dry run times were applied
to the remaining tesis to provide beiter run time
estimates. The resultent Combined Test period become
13 weeks (an 11 week reduction) for the initicl
functionality of the B-2 WST, o capability we coll Block
0, which represented the first OFF {o enter flight test.

Hoving cplimized the development lest activilies, the
more cobjective DT&E lests, the feom then considered
the more subjective- but equelly imporlant. Initial
Operational Test and Evaluation aclivities, scheduled fo
be conducied for two weeks following Combined Test of
the Block 0 WST. Considering the different objeciives
and methodology of I0T&E, the JTMT's goal wes to
exercise ‘the system in g missicn - environment as eqrly
as possible o identify problems that might not be found
while running o specific lest procedure but might well be
found during 10T&E.  This wos cccomplished by
conducting Link Mission Test in conjunction with
Combined Tesl. At least once a week throughoul the
test period, the aircrew experienced personnel from
Link's Operotional Training Analysis Group (OTAG) flew a
mission scenario approximating flight conditions expecied
during actual Air Force training. When discrepancies of
ony kind were identified, they were documented .ond
processed just lke any other Test Discrepancy. In
-addition, comments ond observations made during
Familiarization Training for the Air Force Test Team were
processed as TDs to further identify, trock and resolve
operational type problems early in the test program.
Finally, Air Force aircrews were the designoted
government representalives during the Integrated - System
DTP  fests, providing odditional eodly  operationol
experience and knowledge. - By odding on operational
flavor info the test program in its early stages, the fest
teom- identified - 0 - sigaificant number- of operational
issues ond corrected them before the_aciual 10T&E, thus
scving time ond providing o device -much more

representative of the B~2 ot the end of the initial test

period. The Air Force conducied I0T&E on the Biock 0
WST for seven days and wrote 80 Test Discrepancies,

certainly far less than would hove been written hod this

operational flavor not been inseried into the lest o an
early date.
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[n of, the 'B-2 WST Block 0 Combined fest Tegm -

accomplished clmost 200 separale test procedures plus
Initigt Operationa! Test ond Evolugtion in 16 weeks, a
sovings of 8 weeks over the criginal plan and schedule.
Running the DIP produced 501 Test Discrepancies and

on cddilional 268 were gemerated during Link Mision. .

Test, Familiarization Trommg and. I0T&E.  This number
represents a significant reduc‘uoniln the number of TDs
- written in the post on devices of similar complexity.

The B-2 Progrom’s initial experience with Combined Test

was not without' problems, two. of which detracted from
the overall success of the efforl. The first stemmed
from our failure to develop o process/procedure {o

_define - the roles ond responsibilities ~of ali test

parlicipants, particularly the role of the JTMT. This led
to proiracted discussions _involving Test Discrepancy

- _reselytion and the conduct of the tesi, more from a

Mlurf” perspective than a resuils issue.  Prior to lhe

subsequent round of testing, o procedure was written to.

sotisfy oll agencies. This procedure allowed each to

meet its goals but established the JTMT as the hnul_

aulhorily in olf test matters

The second failure was evident by g high rejection rate

during TD rechecks, a rate that rose above 25%. We
corrected :this by adding an odditional review of the TD
before % wos -declored.. Reedy for Rechsck (RFR),

scheduling rechecks in logical Dlocks of reloted 10s, and ™

ensuring engineering supparl during the recheck. By
lightening control of the recheck process, the JMT
spent a little extrc time up front which soved time ot

the end and resulted in a Black 10 rejection rate of 6%.

With Block 0 experience and lessons learned, the JIMT
iurned to the recl chalfenge ~= fo {horoughly test, both
in plant and on site, the first delivered WST and MT.
This test was of o new OFP configuration called Block

10, and was done under severe schedule constrginis
driven by delivery of the first aircraft to Whiteman AFB. .

The Block 10 confiquration was o complete update tc

the previously tested system, involving new tests os well

os regression testing in ali functionai areas. In oddition,
the ATD's rodor system wes being lested for the first
time as was the first WS’T‘de[wered to Whiternan AFE.



Using the same groundrules developed Block O test, the

JIMT developed 0 program that tested o limited number

of hardware~specific greas prior to and during teardown,
and incorporated the remainder into the installation and
checkout process.  The largest fest efforts, the
functional aircraft systems, aovionics and radar tests
were laid -out as blocks of related tesis in o series of
wolerfalls that estoblished ot which point o function
tested in plant would be shipped to site for verification
on those devices. = Hecouse the cn-site devices would
be used by Northrop to vaiidate the tolal ircining course,

our requirement was to have them fully tesled in o
Block 10 configurction and verified using Air Force

crews, Through judicious epplication of the concepts of
combining test, flexible scheduling, juggling of people

and plain hard work, our ambitious qoals were actually

exceeded. DT&E and 10T&E were accomplished on the
delivered devices chead of schedule with significantly
fewer TDs thon anticipoted and the fsedback from the
using command was extremely positive.

THE RESULTS

It is difficult to compare the earlier B-2 ATD progrem
plan (pre "Block 0") because of differenl requirements,
sirotegies ond processes, as well as different aircraft
development pians, thel impacied the ATD progrom.
Nevertheless, analyzing the earlier program, we
defermined thol al legst 90 wesks were scheduled to
test the two delivered devices in plant ond on site
through two different OFP configurations. By combining
test activities, testing off-iine  where oppropriate,
assigning procedures to o device and allocation,
obtaining early operational input, and constantly working
lo optimize the test progrom, the B-2 ATD Tesi Team
was oble to deiiver two devices chead of schedule. The
total time required for all Block O and Block 10 testing,

both in plant ond on site, was 55 weeks, ¢ reduction in™

test lime of opproximately 39%. The nearly nine (9)
menihs saved, permitted the B-2 AID progrem to
recover and "mend” its schedule thot was broken due to

gircroft  program  accelerations ond  additioncl OFF
The dollar sovings to the ATD program.
through the restructure of the test program was initially

deliveries.
estimated ot $7.5 million.

Saving schedule and money is o  significont

accornplishment but has no value if the product suffers,”
The B-2 ATD did not suffer from the efiiciencies

achieved during Combined Tesi. Not one test procedure
was eliminaied -— eoch procedure wos run and every
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point in the fest matrix was accomplished. The overall

quality of the product in test wos proven by the number

and the priority of the Test Discrepancies written and the

successful running of the Test Procedures. Almost
11,000 pages of DTP were run during the entire test and ™

1,235 TDs were written, ¢ rgfio of .11 per page, far

below the 1.1 or higher experienced on other high- ™

complexity  programs. Of these ~discrepancies,

gporoximately  20%  were

change to the system. During three separate periods of

" Ar Force IOT&E, crewmembers wrote 185 10s. This
number is for below the nprm, due in port to the =~
additional 188 TDs identified during Link Mission Test and

* Fomiligrization Traiming.

The nsertion of on early
_operational flovor paid big dividends for this program.
One final bui significant fact is that. nol one Priority 1

~ Test Discreponcy that would have stopped test was

written during the 55 weeks of formal B- -2 ATD testing.

Impressive os these numbers are, the important question

is "Did the fest support delivery of a concurrent ATD?"
The answer is an unqualified Yes.
1993, ihe WST,
_configuration, wes turned over to the 509th Bomb Wing
_ainety (90) days prior to arrival of the first aircrafi.

Although only partiaily tested, this WST had been flown _

by Air Force crews and determined to be representative

configuration was completely tested on o WST in-plont
and that softwore sent fo Whiteman AFB where it was

again determined to replicate the circraft. In Jonuory e

1994, the 508th began using the WST and MT with fully -
tested and concurrent sofiware. By the time the Frsi

class of students begon to use the delivered WST and ~

MT, o full test of these devices had been completed and
both matched the ccnﬂgurctioq of the operclional
alferafi.

SUMMARY
Combined Test was a success for the B-2 ATD program
for one regson —- teamwork.

the midst of o tight scheduls, problems .had to be
rgsolved quickly; time could not be wasted with parochial
disagreements. The JTMT cttacked problems hecd on to
reach dec:smns and the Air Force never did use its "veto
power’. This and other benefiis of the Combined Test

- correctable . with o
~ documentation update and not o software or hordwore

On 20 September
concurrent  with  delivered gircraft . _

. of the aircraft. By 17 December, the current Block 10

Foch participant wos
willing "to take responsibility for .its success or failure,
The Joint Test Management Team functioned smoothly i
an environment of open communication and trust.  In.




approach continue os this is writien. An updaie to the
Biock 10 aircraft OFPs is being incorporated into the
third delivered aircraft. This update is implemented in
the in-plant WST and will be tested starting late June
1994, We Infend this test fo follow the philosophy now
stondard for the B-2 ATD Combined Test io further
streamline test time by reducing on-sile test ocivities
o o minimum number of DIPs and relying on
Operational Test to verify ATD concurrency with the
aircraft.,

While Combined Test was a success for the 8-2 ATDs, i
is aiso applicable to the vast majority of training system
acquisition progroms and should provide similar rewards.
Program Monagers ond their Test Directors ond the
contractors musl consider adopting this methed of test
—~ cerlainly customization for particulor programs may
be necessary, but the {romework presented here
provides the basis for implemenlation. The payoffs are
significant end i may mean the difference belween o
sotisfied customer or an improperly prepared student, of
a0 Ready for Training device as opposed to an Availgble
for Training device.





