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Tha B—7O RuD p“ogram vas lnﬁtlated in 19;5 bj stuay contracts
.to Noril: imerican .viation and Bozing Adrplene Company for design of the e

. yoapon system, and IM4 for the Bid system.  In 1957, General Electric gk
.. nap.awardsd a contract for the engine develomment. - In Deccmber 1957,
E HAR vag pelected to bogin Phase I woazon system development. - This -
~.eifort included development enginesriaz and tesitlng, performance |

@, upccii‘lcation development; selcetion of Majur subceontractors and a =
" meckup inspection in March 1959. The irdbicl progrew called for first

.v‘:n.‘ L

1905. 1In January 1958, the Air Porce accslerzieu the program with DMrst
flight by Janusry 1952 and first cperational wins (65 A/V) by Scptember -
1964. In Getober 1958, the Adr ‘Forvee reviscd thig schodule with a
streteh out aftor first flight arc ike firct op “T&thﬁal wing (62 A/V)
by September 1965. In October 1959, Ajr Forc: Ziain went to an austere
program scarching for all the short cuts, de;ctlans of hizh cost simu-
Hi lators, design simplifications, scfl to&llnh, ani discontinuance of
 intensive honeycomb brazing and welding develonmont effort. Under this &
progran, the first operationzl wing was pcheduled for December 1965-with
" first {light still planned for January 1%62. .

A

By Deccmder 1959, busic scluvuiuns Lo wajor technical problems
P“d ocen demonstrated and cngineering, drcwirgs wers Zeing preparads.
Levelopmont was well agvaiced on o vocxd frond and conciderable uuvolop-
ent hardware was in belnse In Dzooowss 1959, tha B-70 prozram was
redirected to a sinzlo air vehicle and o ndniuaa 22feru airworthincss
iest procean (first flight in Does bar 1962) rea.-i“u ¢ total persomnel
utidization from approxdmately 2C,000 wo 7,00h0,  Tie 1BM B&l System Y
¢olort wras iransforred o an &ic F’i.":;:. coatracl wid continued ot reduced
rate, aefencive subcystcms anu METC subsyslem coiilrhacis wire tersinated
‘ad subcontracted cirireme work av .c,_“u, ;,,“",bq and Chance-Vought
vas withdrawn. Cn Siptember 19, 1960, tor was advised to
procecd with $he desipn, cevelopuor o, Iab__g¢,¢c“ ot test of one X8-70
prialopitel aad 11 YB-70 alperifi, drnclidizy deveilce smiont of adl the major
,,,CJJ nesded for o opeorationel llach 3 be. L;:. troblem of re-
c.zpluring the suosystem conlracios: at reascnstic prices became difficult.
Ths bulldup of r_apower under thic program reacicd 31,000 people in march
1961, and was schoduled to reach = wzic of 45,800,
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a5 a result of the Presidertt®s Luisol mossege on 20 Harch 1961,
4, program was again redirected to = irototype developucni. In April
195l a ithree prototype aireraflt progra: wes csproved {vhe SPO had

‘re¢onnznded only 2 airplanes).

TSJS»em gnd BU“"Jutcm develcacnt =u4&1c1ent-only for {light test
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The third eirpline was Lo have a B&N' .
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fhmt by Juiy 1962, and the first operctional wing (L5 A4/V) by Dcccr'ber ‘-::-fii_.;: !
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" llunpower was oilce more reductd and a nou ausc,erc locm was taken to _‘
O kecp costs as low as possiblu, Tnis inclueced further simplilications: . . -

of desipn, tooling and a modzl :.aop approach to fabrication techniques,
) sysiem develormenis, etec. In casly 1983, the Commander, AFSC, direccted _
.« .& ceacentrated analycis of th: minagemont errangements. end procedures TR ¥
. to best moct the stacific requircments of the =70 program. As a P
reoult of this znciysis, the wtnogemsnt of. Lhe progrom became more like - . &
-that of a "nccm.._zed project rebher than the fwll mhnc.gc:r.u.at requirerents =+
~.of a weepen system. Other thin numercus sclinduling and pricing exercises .
"ai3d 5 manths of concentrated studies of an I'S=70 configuration (Nov 1961
end Feb-Jduno 1962), the 3 aircrel’t pro;ran remainced stobls until March -, L
1954, at which time the i#3 aircraft with mJ:Lt.a.ry subsystams was termi= ’;9‘- .
_ ~neted. _ :
“« © -~ From thc timc the B—"D conuract. vas ewarded to NAA in December *
gcllre ~1957, the program has been suBjecizd to zluost continuous excrcising . -
and threaterned or actual cheres. During this perdicd, there have been
& minimun of seven rajor casnion Uiuvi: gulsted by forzal establishrent -
. of new schedules and program \..—L....nlh..(.iu..., 110 ovner plennin~ and , :
£ i :Sch"du_l‘ﬂ cxorciges were cerrjec-out by the contracter in the p.,"lod :‘~ N
- . 1960 through 1965, and L4 program peicing efiereises were conducted by F . s B
« - 7 <7 tho contractor undcr the one #-'1;iB yrogrom. Frem January 1961 to S
; fporid 1961, the contractor sudmittes _{ prorrexn pians for the 3 air- £ # i
e plane program which cvolved from 38 ¢ilisront cchedules and 12 total e b
"f ST R .29 plans. In adeitioen to Hhe Y‘eSDrﬁfﬂSJbll_L"uleu within the Air Foree, - " p
: . .-, . the eccomplichucni of such-planaing efforts iavolved contractor manage-= .. ;.
: ment and specicliat perscznel From iz, Lzniar, manufacturing i‘lnanca.al %

T oF

and matcrial departicnis 2Lus many mupres biig PsO'JlB irom these and - ¥
Quh..r groups. & s g . '

.
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Far ™™ 4 £ 1951, tha ConbFactorts crganizational seructure, based on a
SRECHRITL . L functional conccpt came w wer sexutlng of the AF and DCD beczuse of the

G &, .- " success oL projuct crionted orraniurile. an Lhe missile prograu where

S-S gack reaction and technicsal ceitievirznn wora the major objoctives.
' © .In Octocsr 1961, after mony discucalcas, the contractor established the

E-70 Division a5 an autcnomow: ZUoUDe ) < . '

; ‘:n'; vo the SPO that 2 signiﬁicant
scten duc to the funding ceihng

‘ In July of 196' 2t Dupums
e, i‘ir-'t flight schedule sidip €6 lé e
el ULT1N for FYi3 sncd the tolul progres csiling oi‘ Ul.3B. G 20 .
v T v Kovesboy 1962, the Soeyuzery wf the -c.“r,\ was advised thet the first . .
o flight date \-oula ...l.xp due to simafaenida ne Ynctlens ang fmd:.ng Aimita- -

p

’J

- - . tions. Dy Jonuary 1963, the wndes—funuing }\aa rocched ihis point where
1275, 7 i wes necosrisy to curtail cffory” th the Z'and £3 A/V1s in preference
. to the #1 AV, Lec.ping the subcoatrzctes viry nedr Lheir reguired-

-funding rate, and abserd the uemwnen-lunding dimpact within the Los An'rele..
“Division of NAL where it was {21t that boiter conirol could be maintained.
‘As 2 result, a nunbér of key ‘Aa‘*)ﬂrscmml were rcassigned to other . - -l v,
*divisions. Included were many ‘engiheers, perticulorly asrodynamicists » -
+and structural engineers.. Qn 22 Iebruay 1963, -3'35 SM addn,txonal wag
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(:) {clca :d against the FY 1963 Tusdins and worlt was zzein rcsumed on the
42 end 43 ﬁ Vs on a schegule il newld provice the preatost overall =0 - .}
Lrosoua econaiy; however, the rca::b‘“e of the rcleased engincers was R Rk
1 very small. Expecicnce with meiinD ctirdinz personcel wos not as bad _ )
*ﬁff‘ : oeczuco most of them had been raiuined on other cfforts. B, W
. &s the moznifude of the schedule slippage inercased, the re= _272?}} ol T
5 of the austere prozrain Luent: more cvident. Combined with the — ~ .. Lo

Rl e ‘*..101"1; cut asoembly metheds hop Suiliy employed to mindmize shcr') flovr
T ootdnz, uie results of thoe eurtcilzant of consontrated honaycomb struc—
< tural systom developnicnt and fL_; iad nitrogen sexting b '=cam3 over— T B
power af and the procedures boomnz one of cut-and=-iry duc to the lack o .
w  of regourccse In carly My 1963, (unéral Holropple chaired an Adr : e ~1h¥
Sveif, on uite review of the XB-' 0 nrogiis which wes presented to | PP
Foe Zuckert on 17 May. Again, ‘t vis recogaized that problems still T . T
cxisted in febrication, soluticas iere comswict hamsered due to lack ST
of resources resulting from the pauvious prosgram instebility, but that - e
: it was £eill compidercd feasible ang desirebl: o continuc with the E .
S program, recognizin the schedule :1ip ond *n reased coste AL this ~_F
) o uime; the 2dir vehicle coniraci as ceaverio L“CM CP¥F to CPIF in ' S
by’ keeping wilh direction from Hq U0, This eeull tu considered -a E
: re=linancing of the program and ro.uitod in contineal reassessment of
the prOWram p“ogress and co5te )

. _ Thu first air vehicle was roiled oun {or public wiew .on 1l Hay
fe:p‘”,Hu 19&L. For 2 poriod of about 5 weeks gurir; tihz preflight checkout, the
e rpline became, for all intents and purpeses. & hydroulic system 2 .
et s mocle up and simulator to sulve the ;ro:lems that oo.eloned with the
. hydraulie syptem. -¥osu of thes. 3w Lems could have buen resolved on
e tihe hydradi f*mv“ ator but bDscause of proraii-ausizrity one had not )
B bzen provideude Lhat had Leca previcusiv Sorecst ac 30 ways for pre—- -
' flight operclicns cyretehzd inle #bouv 4y wmenths. Most of this time -
: . wau conswned in correciing prcllems in ihe hydr wdic cystem, fuel tank -
o + 7 gealing, and a myrizd of mdner repdirs to the air vehiecle. -
Fipst L35 'hi. ococurrad o o1 Septoustier ung by 24 October 1964,
Tour f2iZhis Soinling 5 hours rd 2 s.awss Gnd bER addcnplished and
- llach 1l.L2 had been reachcd. Or - Qetéber 196, the firsi eirplane
was reburiicd to Palmdale to cumpiei€ argof le:id itesting to assure
stractural integrity for Mach 2.0 flighi. The fivst zir venicle
W pevurned to fligats status An Fousww. ‘963 and has acevmulaeted more
’ than 20 hours of {light test tirm:. i \Soamnﬂ XB-T75 rolled cut on :
29 ¥ay 1965 and flew on 17 July Lahl e ngh l L wnd 40,000 feet.
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B. CONCIUSICT

l- R.:OU 1/ |-|. -)1-""‘ Qf_gl_-
redirecticas; wazopon ..,y\..tnm to onz
-limited weapon system in 1960, and
1950. A redircction from a W2LDON

hucnt azidne

ste
-2

sveiluig; it forces soma

ol Cﬂlcdlatlon cincoe there is con
oreas regardles

L
ot

ceatract changes and so forth.
work of the 520 and
2 preccribed management wetions much i

. rcoriented progran functicning

rhatever moasure

more camplote dirceiion and
.. scon after reoricatation as
" -~ did not roccive avproval untilwhd

The two air vehicle caperimenial
Gircctive reflecting inis decision
May 1964. -

Lundr for which therc is no

g g e st e ——

A T
w‘ .»‘.u?, "y ‘?ﬁ"

o Y .

“in gubsiantial costs to the Alr-iow
"n degroo wiore tho terminated efyo.t involvad
solcly to a weapon systomy hswever, in iie cnue of the basic Air
redesizi, ehanzes in 'LUOl‘LnU, reallocation of

WCe

manpouer, ete, all of which cocis woney;
l.auous
of tho kind of progoam.
of rcdirection ic the effort requisred by
T
means vhat time ua'"ﬂ.lj spent ‘Iin perforining the

possibiz.
roniLhs
25 ended (from larch 1951 to mid-fucust
and the progrua dircciive itself was not
) o
was nLeL roccived in the SPO until

: l.‘r"lr-'—.ﬂm.-.-.w— —--nww"""* o

’ -

Tii:re have beor
prototyoe in 1959, onc prot.otypa to
pack to prototime devulopnﬂnt in

wroscem to a prototyne dcv=l0p-

-

.

-JJ stoh

from iho economic impect on tis contra.uo;.s invelvad, results
TLzue costs can bo delerminsd to -

subcontracus for work ro-

the cxzect amount is not canable

e

.acther uidosirable byproduct

=]

effcri is over and above the normal

nstuzd be devoted to petting the

.,at.luga.ctcmly ]

.should be taien to lessen the impact
“n.: SPO should be provided
a now approved progran as

the three X5 program
weagon system efford ’

sronoie

or .J_..._,

Yy
i u-.u.—

..:::cx untdl October 1961, . - -

T L T
A Y

—~——

L [

.

r .

In efiect, program redjrecticas rcuuire the expenditure of ..
matthing Tehuy
the redirection iuvscuifl and resuldsin a pori
by the Adr Force zna the contric.ur

orcept- for c.Cumplishing
¢t of inefficient operation

1 three major B=70

5

contrecuor BCthJ_tJ in these 7%

520 mersosncl in: reprogramaing, ¢

Prozren redirecticn.irom oinc to “iis is apparcnily inevitable;
¢S I.ohat are a‘-'a;...u_.u;-
both on the Air Force and the conlructor.
chould oo U;\.v:r_

L S
"

ern the PSPP was aparovod) ™

L oLrected in March 1964, the -
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0 " 2. AUSTERITYe Tho progria reaircebions walch had funding

liriiations dictated the e of ihe most caonchic practices possible
in achicving program objoctives. Somz of Jho tainis done wero
climination of exmwensive simulat.::, vhe uze of solt tooling, the

L d::.'fccnza.nd_nce of most manufactw in7 develonment, end a minimal ' 7
. poructurel teost p“ogrw.u The in., act of ihoso aclioas wers felt at

_ m;,orcnt times and to var f'n"""!",‘ﬂzs. Tha cxbonded poried for -~
m..zr...ca.uon of air vehnicle 5l wao aus in arcat »art Lo austerity

<t UUtmzagures; tho soft -tooling goner: oo muny poobloms such as wing-to=
av - - fucelago mismatch and the requicemon® to Jick pricls into, pooition .

. ezusing scat panel voids which ir. iura reoiired repoirs. It took
7 nearly two years bo seal fuselage tedi 3 in ci» vehicle 1. This
& oo oo wes thu result of using the airerait :Lt.,eL to «evclop fabrication
. ... and tang sca"lng technicques, an exirswly exienuive methed which
e s could have been avoided to a larp2 extent Dad there been adequate
' manufacturing demlop...;nt earlier in tho prog,rgn.

Hydraulic simulators -wor. el..rumtcd. Thz effoct was

manifosted from air wehicle 1 roli-out until well dinto tho flight - -

: test program. It was ons of the srinary rccosons for the very long
(w0 peellight period and caused difficuliy oa the first flight. The gear
J¢ o o would not retract and remsined dom Jor the entire fiighte If the

' . reverse ned hapnancd, i.e., the guor retracted bul would not extend,
tho rosult very iikely would have tzen losc ¢f the circrelt. The
.. .. decsor from these examples is cle oo} the munoy covied by elimdinaling
e“ " ésuential developwcat is lost mov- Uiimes over laler ca through the
ncecessity to scolva the sans probirzs ihe brsic develement was in-
tended to solve. It is intoresiiogg io 'mtc Teui the.cngine develop=
mcnt was not subjected to he usi degree oF Ghort oa‘ ting as the edir -
vehicles and tue engines Lve rood Lo b very reliasble and have
demencirated excellent perisezanec.  In swnaloy, aisterc measures,

¥ i -~ unless very carefully apc.icd, wil.nob save tune -or roney, on the
L% 5 conirary, if the objectives remain ik sanc, bii: net results an ~
g ‘advanced programs such as the XB-'?D‘1 r¢ inersasgd costs and program

- st.rc..ch-ouu. o PGl B o s - .
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the object of coniinuous avteniion frum many lcvels within the DOD as
w21l as tho Congress. This attentioa iesiited dn requosts for
voluminous studies as wall as prvp - stobus reporting on a wore
frequent end detailed basis thir novmally rouiircd. Bach of tho Fow T walg
sltudics was conducted in conjunc dcr Wit tho Los . ‘nzeles Division of N T s
o0 hSA end in zome cases directly by the Covporate managerzsnt. To obtain ! ,.,?}
i tthn information necessary for decisions, & deep panetr atlon into the =~ =
| concractorts perscrncl was required. siny ol thuss excreises were
‘tenductad wanir ti cul schedulec ipvelwirs » uemsive woeckend and night )
~ciforts on the peri of & salaried personnel, Both foverncnt and N SO
ceavractor. Althoush zmuch of this wes wiiinal Jirect charge to the : b
nr';ram, it exacied a toll upon iLho Vr*_r::.u¢ﬂ1,. It i5 impossible y E ok
to place a price tog cn the total ccut, bul s is certain thet this
cost can be measurcd in hundreds of Lhounstis of dollers. Calculable
cocts incurred as a resuli of 2 rojer predir.ctions, {ths cne XB .
rrosrem and the threc ZB prograa) *nllczte o enst of approdmately .
V_ODJ. Th> csiimated cost ineur.we ia thc KS-70 pianning excrcisc ' Lo
cloae was $578,903.00. This does mot repricuin the Uruc masnitude ~ A
i ol the cffort cince a larpe enow.t ol unceroenuated ovartinc hours ' Lt
.l . were expended by supervicery pernonnili en tho part of both the adr
Forco and tho contractor A

C 3. SHATES/ PRR FIPOATTIC. W B-70 progrem has boon e g i|

54
-
“

Ta

Progrin prosress reporifiag on wae dirceted basis forced

TSI U7 4R 820 to place ycr_::tGL ¢ continrus TSU 16 Lhe coatractort!s ' :
j Laeility to porsonall f choorve sanpulcluring status and moko daily s 5, TR
Progress ropoctes . we This dnlommidisa 15 evalusted.and sent o - ' -
i Lo hisher headgueriv.s . & weell /7 basis, semedmes nore frequently. T e b
It chould be cmpnacized thal these proceeures were Zn.tituted with no 5 b
increase dn SPO rosources. If these people hid best perforaing their S ?iifi
. normzl functions it may be conjuciur d thol rore sibsbzative menulace - ° ',t:?‘
s ’--‘ur;n" analyses cot.:d have vau tandiebed uiish wd ab have reduced 'ﬂfﬁﬁf
B, " poroduciion time and costs. Propra. NG zcou_tus some given B
e . urbar of people and scme findte anovnt of iime for acscomplishment. ST hos o
’ If czdeitional reguiremsnis are izossud, thece ghoeuls be recognized ' FT:;

3

5 such and sufficieat additioncd mauinewer suthoriued.
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_ ‘. EOPTH AERICAR L7770 7C8. In the curly phases’of the
-  Y.~ Pprogram, tro Nis approazch o ‘hca"‘)’x systen maregencnt was to crcatc a
' . B=70 Ygrogram monager® with recponz.biliiy for overall direciion of
tnd tcc“.ncal devilopizznte His group asicd eprentially as o stalfl
~“.ergenization to the operating elqmanis of the Leos ‘nscles Division. :
e Tris was- in contragiction to at loaut two of the recognized funct.io-ms ®H
. of a manager, ie, to conirol &nd to vircci. Ti2 situation wes ono of .
recponuibility without cuthority with a predicteble OULCON2 thero was
oo not sulficlent eaphasis placed en the B-70 witsin ths Los angeles
' Division. Although accc.pt,inb the inporeanes of the =70 progred, NAA

- expeutives were still locoth to #ile organisaticazl changes and it ree-
.-quired JAlr Force intervention in an avca ira ji. caally & company ol
e ‘prerogative; internal organizaticn. At the binsst of the Adr Foree,
s " ehe Los Inseles Divicion wes reoopaniszd to.rivd lo-2-70 mianoger the -
¥ nececsary status and authority. e wrus.nevsd o Los Jnzeles Division
‘ ' vico v residont, an autonomous B-70 Division wgis created , and the
‘ogrm was ablc to procied on a gounder rpncsaEcat Lasls. System

developmenis are bacoming more oid more -or',l;; =4 3T h."."- ozcoms
-evicent that the only acceptable mitiiod of owpeudsalig for the effort

- is to esuablish a group for the :: 1‘..‘ 53¢ end voc cndew it with the power
and rouourcc.s ComGSTIsUraLy m.'t.h BTN ol M

-

B o

"'+ wag in rexldty threc separcte ot sxvions.. . Thwre were the ARIC
"""nagcr"", with their crdel who wes newinally +hc £°C dirsctor, thore o
ware the AQCC engincers viih theis ciiel, and '!.ere were the KIC people  .s & *F
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b. TH3 P70 560 Bueing the Mrut fuw yoars the SPO (5PO) |

ith their chief. In 1661, when AFLC ~nd AFSC ixré'Icormegd, one of the TRk g
: three MheadsY wes absortad, there ‘remained hov ievor uhc en~ineers, who e WM 2
- .. - orsrated as an independent group for @1l inicnis sne purposes and their T TVl 4,
1_r,i‘ was te be Hro fpm..:f s Lo tan . nerds ¢f the AFSL Pro gn.m Director. ek T 'f_*'-
: This Zs the situation vodey, thors fz u,T0 presiTn Noregors supporied . L Te B R ?3:
"~ . . - oy 1D cngineers who do roc. report. to the px oIT AN d.t.rector. - 1‘\4.5 L¥Pe ; e el },—-f_
' of orgontzation dces mot.zlwoys lend licelf o elficlent opzrations, 23 Ll A
differcnces of oplnion semstimes heve te Je_resca.wa at lcvels waleh B
:;houl:i not be concorned itk suckh detalles, Besearcs prople, if that ) " }E -
is wivt they renlly are sheld nol he a part of & SPC, but enpinzcr DY S 28
vio purform analycses and swudlios dzre ctly relatda to the program and ¢

on & recurring vasis should be an integrel part of it Progran Directorg -+,
team, rot merely sregponsivef. .4 Linar observation is -that the el
sonanization of sech SPO chould te wailored Lo 'the scquirements of the
orogram at hand, not be reouired to organire in itcordance with a
"'-'tannurd" whlch iz ewuu__s‘led b} remlet;m. 1 Yo -
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-gehsduling actions, cice’ These reports coupled with freduent trdps -7 v .0 7

"reunect, (2) scheduled comploticn caies for events wore forecast FE

X
* in faci produco roporiing not, sig iricantly better ther ba-ore &t ' C et

':prépﬂrlv use PERT bafore it is rut‘\nta \.u.quﬁOW, the rc"ulta ccrlved
e on*y as good as the 1nforma$3 oiap < T - 3

. FKRT. This monagement control systen wias siurted on tho ~ WE
=70 Crogren in lobe 1960 Pric= to tiiis tiws, the soatus of wiluilcnes 2
or Moventsh was trackad th“ough a sreten il infonmnation on each . “,
nilestone was record:d cn punch cards, ucuc oxthly and the printout . - .V
of theze data suppliea to the SFO an a miles report., There were . | e T
unarde of 1000 of thesce milestcnes, and rhovm for coch ono were the IR N
schoduled date, a reschedule data if_“py,;c¢olu,‘ and the rcsponsible  wtTn T ]
coalrcebor depurtmenc. 4150 provided, '£s a supplement to the mile- | st o R
stonz repori, wis a Finplance Heport® whlch cou.trined analyscs of the e
critical areas of cifurt as w2ll oo ragsons oo milugleae slips, rees o
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to the centractor's plant ecnabled the SPO to maintain adequate sur- :
veillance of the prozram. L ‘= 2 vl s
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' ” w7 'y
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. The introduction of “EHT ia 1540 w:3 cimpocted to improve
the Adr Forcets ability to detect Indipient troudls arcas and to give
o moiv conprehensive picture of the cverall sizustion. A5 applied to
the B=70 progrii, howaver, FERT did littlo to iacre.sy 520 knowlodge
of contractor zctivities or to provide tim:lier .oboius indocmation.- . e
fhere were several reasons for wiz: (1) 2300 weporiing wis'on a :
monthly basis, therafore no imprev.miat ovor thiy old oysiem in this . .~ - el

usinz ninsle time estimates instead of ths thirce normielly used with : 1$  ‘
FZ.Ty in elffect then, these "events vere no dilferent than ther - Lol Eedt
pilestonns previously usid, (3] beseuse o ausberity the contracter . RO T
wes uneble to furnish 21l tho rasources n,Pu-uury to support @ ¢lassic .~ T, L

PIRT program, (4) tho 870 was likeéwise not :hlo to provide the ; Sng, | AR

-~
b :er Jor adequate nebtwork decisu, anwiysis, ctu., waich is a must . S
if the poiential of a PERT syctem is fo bo realinad, ond (5) duweing the - - "0 pi
latoer steges of “fabrication of J:ir Vehiele 2, oD ocr:onncl were L . & 2
on convinuous TOY at the contractcr*; plaht e wer ;5 T
tirr status of criticcl arci: as wit:h o5 30 days in advence of the g ,

udlication of the FEOT resort veutcining the suee thformation, ‘ SR N e
La:;ulj because of these facters, i decicien was made in mid 1964 . ' TR '
to terminate Durther FERT raepertiviz. ) ‘ , . i B

Policwing some threc vears of the w.e ol DORT 25 &
manasement centrol system, the fﬁllﬂﬂ‘ﬂg cc"_;u.*onu wore reacheds: ¢ vl

Ze é:Rm should b used from

applications do not realize the .1 conefitc

n nuch rignher cost. . 1,- - . ;-f
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) _ Throushout the XE-70 Progrme, tho rolationehips between the
o aermT0 520 cnd dthe Los Anzoles AFPA) have rot been zismificantly differont "
i7n the relationshins botween other SPO's ard auscclated AF¥RO's. The '
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520 miusion is primerily to esiablish progsram recuirenents in i
cenjuniior with enginouring cnd ou ooyt persernol wnd implezent these | .
e A

“'i‘oquiro::an“ by rezas of a coniiwch. iz tAFEL 15 responsible for
i lenuntation wnd monitorinyg the sccompliskmeat ol caci coniricCue

o TP et s o

Wi e e T "3‘“3 heg clweys been an atiitu..o That onee 58 coutrzct Fas oeen
¢utablichoed, the AVER wag re_;pc.r.s.Lb 2 Tor its implenentovion and : G
. eoceatindily tho £20 chould not bg CJ.-.U?.‘!‘.L\.. with tno dotails oi hew s
g - 2% ig doro, Thiz is probeuly 2 cuwry ovey from tle days whcn prosranms . o
wora on = CHFP bagis zad thc Pudclisa 6f i -,'J won shat of Geteraining
i ovw‘m 2d rataa, proparing shorfage reporiz; ecnducting price analycoes, '
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~1"‘ur; 1ishod Propzriy. This iz precticed oo “ru\;-- jo~valus contracis, o
) howover, not on progrens of thc magnitvde o tiae J1~70 which enconpasses . [ i
a pdtensial L1.53 ¢ *;o;.‘...-yu:\,. ‘Betailed zuzreilllonco of contractor s i

s . = = v - & o
. Letivitiss by ine ACO anioul.or Jlooits 08 WP aatwlts Dl‘CC.Z'll.-uu.LO is
s <. azbsolutely cesantial.e Tho AFFR has lwey: nointeinef tiot he is noi

adcquately ustafcd o ‘.‘_::"fu it the de.?ih cf surveillenes which thoe Program = -« .
Dirccior feols ho poguiros 228 1 wub A8 u.,r_oubt,e 1 irvo in vicw of the &
,Zact that ozt ACQ'Z hove '..u._..mle con'trﬁc,.. Lo gizimisicm. On the other
Lond, wmen he Pres : s to e "ac.l. or on~siitc survoula.nce,
a.;"cc.blis‘ncu kis ‘:.;"'r*-*-"'n 'i LT esTeLing rEYLST doams, there wes a
ndency to deal dire the conirec.ss wnich resulied in the AFFR's
w.,:g 5111l less :‘:no:r*.:wu o:’:‘ e Adseouior pon oialas
Tids cycie of events ‘..‘.G‘x.._, U3 TESIUGID 34EELET N0 e
430 e bocone complovely ineli. Live. Uiz Iack of coord *w‘tlon end - -
unificd coatrol of o controeio tu ol¥ur s s vzoermized firzt in the -
Govalopnont and catincordn; arvi LAL L it .,..u.ol-ur.o.l y AT50 in
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tho Z-T70 co that bie ATPR can va—c;:::-l-é supncrt mission cbjeciives on
a coatiauous daziz alt cvoly 1 "o'_', 02 vhe owgjoniization. hiritten
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.. egroensnt zhiould ba reachcd deXining the rzopaasidlliitics and
- proccdures 10 VO exsrcoiscd belwcosn who, Progz..s Sirccior and the ArTR v

wnd a :,-*‘1:1“ agecenaen node badrcoa she Soprvoinounding orsanizationas .t

.02 cash should elso be eutablisicde - Tuily ox at oo ;s weekly discussions. » -
Sy ‘m‘c. botirean S0 and AFER ps:-sc:__'.'.. B r’*:c,.:w curoant ‘plarvs and ;
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In ths carrying out of the cont,ract function of the procuraement
S organization from the design phase through the manufacturing and test

“y

)"

i ;:Q_, - "of XB=-T70 air vehicles, & basic change in concept of procurement ocourreds -

 The initial Contracts AF33(600)-38669 and follow-on letter contract - . .
we < AF33(600)42058, contemplated a design which would form the basis for the
: ;- development of a complete operational weapons system. Thia in tumn »
~" would be converted to firm procurement specificatione for ths acquisition
of the required operational weapons system. Therefore, although the '
" initial contract was on a CPFF basis due to the design and development
L-.of the initial effort, it was contemplated that the resulting procure-
%% 7 ment specifications would be firm, demonstrative requirements and that .
Z -7+ the associated flight test program would require specific demonstrative
. -+ performance criteria. Subsequent to the initiation of letter Contract
... AF33(600)42058, re-direction was received to limit the development to -
-~ ° a prototype effort., As a result, a fimm contract, AF33(600)42058 was
“negotiated for the design and fabrication of thres (3) XB-70 air vehicles.
. At this time, the concept was changed from a requirement for the delivery .
<. &v..0of alr vehicles in strict compliance with firm specifications to a best

iy

s
o

only. The performance specifications were changed from requirements to
objectives. Notwithstanding the further amendment of the CPFF contract
to a CPIF cost incentive sharing arrangement, the contractor was only

= required to httemt to build three (3) air vehicles on a best efforts
O < basis. In | anticipation of a follow-on flight test program, a decision
.=~ - had to bs made whether to amend the basic development Contract AF33(600)-
"2 Y¢ . 42058 to include the flight test effort or to negotiate a separate flight
= . test contract. Based upon the factors and conditions existing at the
time the decision was made to negotiate a separate flight test contract
A on a CPIF basis, containing not only cost, but also air vehicle
s+ performance incentives. The basic philoeophar of the contract was that
= -, .the contractor in an RiD enviromment, would attempt on a best ef{forts

basie to meet the general flight performance parameters. As a result,

. several contract administrative problems arose: A

"a. The cha:nge procedures implemented under Contract AF33- ‘'~

(600)42058 were materially different (due to the nature of the contract)
: ‘t.han that implemented under the flight test contract. For example, a
<. . changs common to all three (3) aircraft was handled differently between
-~ the aircraft in the flight test inventory and those still in the process
© =777 of manufacture under the development contract and were of necessity
BT " ©  handled by two separate contract instruments. In addition, soms cases
o-+ - were of necessity negotiated at a different rate of fee.

& b. The air wehicles were produced under a development
ccnt.raot and bacame government property upon acceptance by ths Air Foroe.
'l'hoy woere then bailed to the contractor to support the flight test -
program, which left the Air Force responsible for possible oontractor
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' teat effort.

non-accomplishment of flight test objectives, due to use of unsatis-

factory government property developed (by the contractor) on a best -
efforts basis, If repair or re-design of the government property ise
required, it would be new work chargeable to flight test contract and
would necessitate a corresponding adjustment in target cost and fee.

2, CONCLUSIONS

' a. From the above, several significant problems resulted from
‘a configuration standpoint. It was necessary under the best effortsa
development concept to provide the contractor with the flexibility in
configuration control. Any non-concurrence with the contractor's de-
sign approach resulted in the requirement for re-negotiation of the
target price and schedule which in turn pressnted some difficulty in
controlling program cost. Also, there was no assurance that the air- *
craft delivered by the contractor for acceptance by the Air Force would,
in fact, be capable of meeting the objectives of the flight test pro-

gram which relieved the contractor of responsibility for flight capabi- .. .

lity and transferred it to the Air Force upon acceptance of the air

- vehicle. Since the program schedule dictated the necessity for

accepting air vehicles with items incomplete, it was necessary that

recovery schedules for the incomplete effort be negotiated in conjunc- . ~ -

tion with the projscted flight test contract. This further complicated
the contract negotiation of delays which occurred during the flight test
program as to the responsibility for program delay being chargeable to

the contractor under Contract AF33(600)42058, as being due to the -
‘uncompleted work, or being chargeable to the Air Force under flight
test Contract AF33(657)-12395 as new work resulting from the flight -

b. It would appear that for a Research and Development 7;7}
offort such as the XB-70, the design development and flight test

program should be procured by a single contract with specific cost . ﬂighQ

and performance incentive negotiated for the total design developmant
and flight test effort. The resultant developed air vehicles would
then not be an end in themselves but would bé the means utilized by
the contractor to demonstrate his flight test criteria, and provide
the contract data to substantiate the feasibility of his development
called for under the contract. This would have several specific

benefits: ' , ;;.'“1.'

(1) The cantractor would have the responsibility

and flexibility necessary to carry out the program without continuous =~ -

contract amendments. _ Sl
(2) He would have the responaibility to provide an

atreraft to moot the flight test objoctives and if aircraft were not .-
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of the air vehicles to meet the program obJact.i'vea procured without .
J« .. . further charge to the govermment. “
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" vehicles until satisfactory completion of the flight test contract ,
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" alr vehicle program. Since the Contracter had a best-effort development - a

S Mg ans s

%. COST CONTROL Low Tn wd i pegeed B o B
a.  BAGKGROUND

. When the B=-70 Program was redirected from a Weapon System
with HAA as Manager to a three Air Vehicle Prototype Program, it was

done on sn austere funding basis and although fund control had been ;'
assiduously practiced during the Keapon System Development phase, ETCE

" further increased emphasis was placed on cost control under the three

‘contract, hs felt that he should also have corresponding flexibility in

7"4 funds ccntrol. It was felt by the Air Force; however, based upon the

prior program fund history, that strict conurol by the Air Foroe was
absolutely essential. As a result, the contractor was incrementally -

funded on a monthly basis with each suctesding month's funds require~ >

ment being requested by the contractor with written justification for.
such funds. This procedure was carried out from 1961 wuntil mdid 1965,
Just prior to delivery.of Alr Vehicle Nr. 2. Notwithstanding the

‘above, the contractor has currently overrun Contract AF33(600)L2058 by 'ft

appruximately $19.7M.
b. CONCLUSIONS

nr— S The above experience proved that cost roportlng in itsell -

. is an inadequate management todl. The funding status reports developed

Pty and submitted by a contractor must also coniain corresponding develop=

.15 dollar rorocast due to two diametrlcally opposed reasons.

tures can be measured. For example, the contractor may underrun his

.

(l) He is doing an excellent job and exercising

. economical Program Management or

_ (2) He is behind schedule in pfbéuremants, engineering
‘releases, or manufacturing accomplishment and, as such, the indicated
below-schedule expenditures trend will be reversed with a greater magni-

" tude latar in the program. (i.e. prospactive overrun).

Several attempts were made over a period of years to raevise -
the contractorts cost reporting procedures along the lines indicated
even to the extont of combining the contractorts cost and manpower

reports with anly marginal success.  Ads a result, the B=70 SPO changed ;5127

their procedurs so that the funding roport was reviewsd with the
manufacturing division to correlaie the expenditure of funds against
.the contractorts manufacturing status. This resulted in a reasonably

ﬂqfaocurgta assessment of the contracior's finanédial status and provided

T g

e
W et

i7i.a-basis from which to make realisiic program dollar requiremsnts fore=
casts. The basic lesson is that funds status reporting must ineclude .

R S

" associated englneering, manufacturing, flight test, and logisties status

56 that & SPO can make & maaningful analyait of tho contractor's’ rinancial "

J " position.

- ment, engineering and flight test program progress against which expendis=
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O IIX. MANUPACTURING | :
©% . ‘A AIR VEHICLE ACCEPTANGE .. - _ §
.' 1';. BACKGRCUND | | o Y . 1, JF
vpi;m_ﬂ‘ o The acceptance oi‘l&#&ﬂ air Vehlc¢es-;as planned on the basis <

* of a progressive buy-off in lieu of the standard CICI approach since the ’

method of welded construction resulted in areas of the air wvehicle becoming

- inaccessible during sub and final assembly. These areas could not be opcned

for final inspection without damage to the structural area. The Air Force
final inspection and buy-off of the closod areas were made just prior to the -~
final operation closing out the area. Acceptance authority was vested in the

- AFPR Director of Qua.lity Control.

Due to the air vchlcle sizo, conplcxlty, and the large number .
of Final and Pre-Flight Operations, the Air Force progressive inspection was .
made concurrently with the contractor?s manufacturing, pre-flight and quality -
control personnel. The task was acconplcshed specifically by the use of an
intercom system integrated into the air vehicle intercom system. Control of
+“the operations was maintained by a thrce (3) man board consisting of:: Con-
tractor's Final Ops or Pre~Flight Test Director, Contractcr Quality Control

.- and The Chief of Air Force Quality Contrcl. The test director indicated the

operation to be accomplished and where the actions would take place. Quality

. control observers for the Contractor and Air Force were located with their .
respective contractor counterparts in the arceas where the inspection activities -
were to take place. The results were manitored arsainst the air vehicle process - . .

spocification requirements reported through the intcrcom to the three man
board. If.the results were within tolerance or as prcscribed in the process

. specification, the item was accepted by the board. When a discrepancy occurred -

-y

-. that could not be resolved on the spot, 2 squAWK’ was written on the item and

the operation continued. When the discresant ivem was of sufficient magnitude
1o endanger persannel or air vehicle 1unc.1cn, the test was stopped until

the problem could be solved. To facilitate the solving of problems, engineering
support from the contractor, Air Force Plant Renrescntative-Development Engi-
necering and SPO personnel was provided on around-the-clock basis. These
engineers also monitored the tests ant »c:rxulis via the sarme intercom system,
thus obtaining on the spot information i providin« engineering decisions.

A Final Acceptance and Salcuy-of-71i-hi Inspection for all

4~ * accessible areas was conducted prior to First “' ¢t of each air vehicle by

the B-70 SPO Defid¢iency and Acceptance Heview Doird cstablished to review items

-that did not comply with the contractual reguirenents and for which a contractor/ *
~ Adr Force agreemcnt could be reached. D:»pos;t ion of these items were made as
i uiix before flight™ or were entered in air vehicle deficiency document to be .

accomplished as a condition of acceptance. The recovery points for deferred
deficiencies were established for completion by a specific date or to bo accom-

. plished prior to exceeding an appropriate flight parameter prior to inflight
- use, etc. This deficiency report Was ;ncorporated.into the DD 250 as part
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’ of the acceptance conditions.

£X AP To track progress on completion of such deficiency items, the
"7 . contractor was required to provide a gclf deleting def:.c:.ency report every

: thirty (30) days from the date of first flight of the air vehicle. Those

.. . items accomplished and accepted by APQC are lined out and the acceptance date -
‘ placed in the "remarks" column. Any doviations granted by the Air Force on

. recovery points or conditions are so noted in the repert. The deficiency
‘report will be published every thirty (30) days unt.:.l all items are completed
:or anleted in accordance with the cantract. :

a3

Rtz %

i

”,,—“;; 2. CONCLUSIONS e
:ufi’, ' The only practical mcthod of inspecting and aceepting a complex Eo
% aircraft is onc of progressive checks and "buy-ofis". This procedure was e

<~ - mandatory on the XB-70 because of the type of construction used, i.e., welded

: - steel panels for the most part which rcsulted in areas of the airplane be-

N coming inaccessible as assembly prosressced. Wwhile it was recognized early

L ‘-j. « 4in the program that this kind of accentance proccdures would be necessary,

=+ there was little realization of the benefits to be derived fram such a system.
By participation in great detail, Air Force personnel became very knowledgeable
of the aircraft and its systems, to a3 cxtent they could not have reached using
,any other accecptance method. The nature of a stcp by step process assures &

- greater degree of confidence in the end product than would a one time final =~
.- Anspection and, acceptance which would very 1:.koly be more cursory. It is also
®.1ikely that some time was saved since ciscrepancies were uncovered when cor— -~
DI rective action took the least amouni of time and effort. Finally, SPO )

i g
4

i
gH.
ol

| - I':-._

personnel who took part gained an insight into the problems associated with , ¥
-building a large, hign mach aireraft using new materials and processes, & R s
knowladge unique within the. Aeronautico.l Systems Division.- . }; :
N .5
ol ol
The success of & progressive inspection and accept-a.nce plan s
.. requires close working relationships on the pari of the Contractor and the clac e
. Air Force personnel and a full mdcrstend.mg of the:xr respongihilities. . f :
For Research and Development Prograns a progressive acceptance i" '
procodure ia ‘t.hs most logica.l approa.ch to t.ho acceptancc of ccxnplax ai:rcra.ft. k
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"% dosign and development phase could be produced on a timely and economioal

v

. B, KCPORTING =
1. BACKGROUND

From the inception of the B-70 Woapons System Program, it was
rocognized that the Procurement and Production function should be

g date to agsure that the air vehicle configuration developed during the

.basise As a result, the WSPO Production (manufacturing) offi¢e was
established in early 1958 to assurc that the manufaoturing effori
associated with the development contracts was programmed, integrated
and supported with respoct to tooling, Ground Support Equipment and
GrAEZ., Considering production, it was neccasary to define the teym in
relation to a ressarch and developrent effort. From a semantic *
standpoint, the term production need not nacessarily be equated dirootly
. to the related rate of manufaciure of airplanes, but it is applicable to
-~ the planning required to support tho design offori as well as to control
© the manufacturing chanzes that oocur with change in design. It was
. @enerally oonceded that the basic functions required to manufacture and
deliver a single air vehicle aro as complex and essential as thoge
required for a follow-on production run.

~

Since the program was required to operate with minimum data on
an extremely austere basis, oaly two specific manufaciuring reports
were required under the contract. The first report being the contractor's
basio manufacturing plan for all three air veihicles starting from
fabrication through sub~ and finzl assembly to air venicle shop
completion. This document conzissed of the masiser assoembly plan and all
the associated sub-asserblies lcading up to final assombly. The second
documont was tha contractor's foeility plan. These reports were revised
only at the time of mzjor program realignments. Specific manufacturing
roporting was accomplished on a direct person—to-person basgis with the
contractor's personnel utilizing the conirccivr's internal schedules and
management documents to carry out the master plan. Initially, manufactiuring
reviewa wers conducted on a monthly basis at whioh time contractor
manufacturing personnel met with SPO Production perscmnel and reviewed
all aspects of the fabrication, assembly, tooling and government property -
" status at that time. This was combined into a monthly status report
published for the System Progranm Director (SPD)., These monthly reports
“extended from late 1950 through delivery of the second air vehicle,
July 1965, and form an exocellenti nistory ¢f the XB~70 manufacturing problems.
As the program progrossed, the manufaciuring situation becamo more oritical .-~
and a menufacturing status report was presenied to the Program Director
on a weskly basis. This information was obtained directly from the
oontractor's personnel and to some extent, was validated by on—-site review
by the AFPRO Production personnel. As the requirement for program
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_ O ‘ roporting inereased, the SPO instituted what became known as the !
e e # inchstone procedure. To support this procedure, SPO manufact
AT . production personnel were rotated to the contractor's facility every i
: ) -two wecks on a bi-monthly basis and reported directly from the . s D
" panufacturing floor to the Procuction Division of the B~70 SPO whish, =~ " 1}
in turn, reduced the data and prosented a daily status briefing to the -~ -. &~
r.. . SPD. This reporting procddure was possiblo only because of the sxcellent . & 4;" -
.- cooperation of the contraotor who recognized that an aocurate and timaly' ) L;;' o
*..x L7 status report by the Air Force was as much bonefit to him ag 1t was tho R
: - Air Force in reaching timaly progran decisions. KL
e - I & L
" 2. CONCLUSIONS . L R Foe
Bacause of the intimate knowledgs of the contractor's . TR ¥
manufacturing problems and procodures, the SPD was provided with an = ‘vj o

- aocurate and up-to-date status report as 10 manufacturing difficulties .. 7,. I
encountered and appropriate recovery times, the impact on the funding g * (SR ;
situation, end an exiremely aocurato indication of the contractor's . - ..
ability to mest his projected manufacturing schodule dates. For future ... -
- programs, strong manufacturing organizations.staffed by relieble TR e
production and industrial apeoialists'should be intograted into the - - L
System Program concurronily with tho design and deovelopment effort %o Vs bl
agsure that these personnel understand the design oconcopt, the complexdity, = . E-,._;-_"

. the necessary support required to produce hardware, and that PERT type - Y e
" networks must be established for initial planning and to forecast progresse = f. .
Such initial planning should bo followed during the manmufacturing E“
process cycle by actusl, on-the-spoi reporting. It is felt that this . :
- operation will materizlly assist axy Program Director in determing the ~
- actual results to be expeciod from the design effort for a given dollar

budget and will provide him wita timely d.aoision points in the event of
program re-ch.raotion.- n S .
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f:) “C. MATERIALS AND PROGESSES

of the structure involved. Through a research and development program,
.- basic stress allowables, quality criteria, and repair criteria were

<7.* - established. Target properties were established for one heat treatable
i+ stainless steel, one titanium alloy and one high strength steel.

~e- Preliminary work progressed on materials designated as "19%8 PH steel,”

#.7 .- - "1958 titanfum" and "1958 High Strength Steel.™ Alloying and processing *
;- developments lead to the selection of the PH15-MO stainless steel, 5 s
oy 4AL-3MO-1V and 6AL-4V titanium nickel based alloy of H-1l steel, Rene 41 -~ . .

S 7. and Inconel 718 as the materials to be used. Generally speaking, none
i "~ of these materials were available from the mills in the shape, sheet
.- thickness and tolerance requirad.

4
v
~—

4
-k

7

oy

ErIE The XB-70 contains & total of 12,000 pounds of heat treated
Ueg.o titanium. When titanium was first used, an unexpected smount of spring- : * o
« - back occurred during forming. This made it impossible to hold dimensional  _ .
" - tolerances and required many hours of hand forming. A totally new R
- . metallurgical goncept was developed which permitted the forming and hot . - < .
sizing of titanium. The XB-70 program also required that the knowledge

. of titanium technology be expanded to cope with titanjum alloys heat ;
.+~ treated to high tensile strength levels of 160,000 to 180,000 PSI. More .
‘than 700 complex shapes were fashioned from 350 basic extrusions of - 5
# titanium and high temperature, high strength steel. This also required -
P that new techniques and die lubricants be developed.

e

AoraATEta
o maat el adal
LA o

§:§;~ﬂ' | - In the interest of saving weight, fabrication and quality control
‘.. . . personnel, recognizing the difficulties confronting them, requested : ey ;
technical assistance from the metal producing and processing industry . b

.. unheard of tolerances. Until then,
470 produceable sheet. The XB-70 required Thicknesses down to " with

1
R
e

-
»
v

s New techniques for sculpturing the face sheet were investigated,
~"and as a result, chemical milling of titanium, corrosion resistant steel, <
- and cobalt and nickel based alloys were developed to tolerances of five P 1
;7. ten thousandths of an inch, However, prior to accomplishment of such ;

s’ L
-

i

e -
-

- gheets were made up of many small parts welded together or brazed .
: togothor. Varioun densities of honaycomb core were ucod so that the
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T 1. BACKGROUND
v oar .2 te K .'.. I“
.- When the XB-70 configuration was defined, the materials available ; a
. did not have suitable characteristice. Through oompariaon studies and . ., . R’
- structural developmemnt tests, the materials and types of structure were . = ~ . _;f1
selected to meet the specific parameters of heat, strength, and rigidity A 1 ’ﬁci
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-8 gauge variation of less than 25 millionths, _ii . ", _ﬁQ{.};
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* techniques, it was necessary to form the face sheet by machining which = . oo, fj”a};:.--
caused mechanical problems as well as warping. The initial panel face .° . i
f
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minimum material for strength requirements could be used. The problems

resulting from this approach were reflected in the difficulties encountered'-

as the air vehicle assenbly proceeded,

' The problems encountered in fabricating satisfactory panels to
~accomplish preliminary and final assemblies were many. For example, .
~where the face sheat was not required to be smooth on the outside for

aerodynamic reasons, the forming was done after brazing by chemical
=+ = milling. The core problem was thus reduced to assuring that it was flat
sw= ** and matched the smooth surfaces of the face sheet. The process that
. solved this problem is known as Anocut which is a reverse plating
~ .+ Pprocess using a rotating electrode while flushing the core surface with

... - the electrolytic solution., The deplated metal is washed away as a sludge,
; by .the electrolytical solution and a flat burr free cut results. All i
» . previous methods of sanding, milling, etc., used in the laboratory

development of honeycomb failed when production techniques were used.
Another example is the case where an exact mirror image of the mating
surfaces of the face sheet must be reproduced on the core's surface. This
mirror image was created by Elox machining, the controlled electrical
. ol spark erosion of metal. 'In this process, the electrical charges were
2 4 sparked at high frequencies across a gap between the electrode and the

-+ work plece and required no rotating motion between the electrode and the
i work piece. The Elox process was subseguently adapted to cut holes of ~
>~ various sizescsnd shapes through honeycomb panels by forming the electrode
2~ @s a "cookie cdtter® and letting it move straight through or any desired
wele angle, x

AT Unicell honeycomb core was developed to replaca the 1/8" cell size
i ., core used where greater core density was required for strength. The 1/8"

‘. cell size core was costly to manufacture and join with other core. Unicell
i honeycomb core is made by welding together alternate preformed and straight
©¥:’ . ribbons. The straight ribbon elements can be varied in thickness to provide
..~ the strength required for any specific application.

H-11 steel, a high strength material capable of being heat

%~ 1n fuselage, wing box areas, landing gear and wing fold actuators.

%% Previous use of H-1l steel had been primarily as a die material. Thus,

) its use in eritical structure application was completely new. Khhen first
“used, the H-11 cracked during heat treating as a result of vibration which
.requiring the development of forging configuration, surface finish heat
treated processes and vacuum melting of the raw material to improve its

- ductility, Development of forging techniques enabled the production of
the largest H-11 forging aver made weighing 13,000 pounds from which the

" landing gear bogie beams were made. The processing of H-1ll steel is
extremely critical, which may be illustrated by the requirement for

- body and wing stub area. Unless a stringent process contrdbl is used with
. Tegard to the type of drill bit, rotational speed, feed speed, and the

L]
H

treated to the tensile strength range of 300,000 PSI had wide application : g

drilling holes in some of the H-11 longerons and fittings in the aft [
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(:D‘f number of “times a drill bit can bé usiod without sharpening thée amount or |
*  depth of untempered martensite around the drilled hole becomes excessive.

;. Excessive untempered martensite around a hole in H-11 steel seriously
» . affects the structural properties of the part. Untempered martensite 1s

. ' always present to some degree any time H-11 steel is machined unless
s ;_oxtromc care is taken to assure that the machining temperature is kept low.

g e
- R e

S L The development of manufacturing processes is markedly demonstrated
e T in the area of fuel tank sealing because of the XB-70 design requirement
uvio - for a "zero" fuel leakage.rate. As a result new leak detection methods
%o n’ were required so that the air vehicle structura could be checked to

e -,.determine that the tanks were leak free. .

P O AT Lt
T R

:f;ﬁﬁ';i--' The engineering assumption was that honeycomb panels would require f_-

“iri  little or no repairs due to defects, an assumption which turned out to be
* . completely 4ncalid. - As a result, methods of panel repair were also
developed during the manufacturing cycle. The initial methods designed -
to repair the panel to its original design strength, were not satisfactory;
‘. 7 however, each method created new problems in that the repairs were still
2% not leak free, 'Contimued development resulted in a sealing process using
= .2 . nickel plating and a secondary organic sealing agent called Viton to seal
<% 7" the porosity in the nickel plate itself. .

‘tooling be cogstructed for air vehicle assembly., This, coupled with the

entire air vehicle, It became necessary in most of the assembly joining
7.  operations to jury rig the components to be joined instead of using the
""" tooling for which it was designed. In a few instances such as "six pak"
- .- mating and wing joining, mismatch adapters had to be designed and
manpufactured to accomplish the joining operation. ;

: 2. CONCLUSIONS

Funding limitations lead to the requirement to develop fabrication
techniques on the air vehicle itself rather than to develop such techniques
. in advance. This resulted in an unnecessarily high expenditures and

- schedule delays. The prime contractor as well as subcontractors have
repeatedly expressed the opinion that more effort directed towards basic
~ processing and fabrication development would have led to-overall program
.- savings. Learning on the components for actual air vehicle usage is a .-
costly and time-consuming process, occurring at a point in time when the
contractor's burdén rate is high. Also, laboratory development samples
should have been more representative of actual size of the end components

_ processes, tochnique- and naterials; prior to actual nanufacture of‘tho -f-
‘nd .rtiu.o . . . ; e e e
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e T The funding 1imitations on the program again dictated that'“soft":

" welding distortion encountered, caused mismatch conditions throughout the_qf.
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.+ ta be produced and fabricated in production. The fuel tank sealing effert . @ =
.‘15 en outstanding example to justify the cost of advanced development of ... ..
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O - It 15-an error to consider Materials and Processes, (machinihgf'"t"l h?"
welding, etc.) as "off-the-shelf" (whether previously used or simply " EEE ]
"developed by the Air Force Laboratories). Each thickness, contour, size *f

~or alloy revision ultimately requires revision or development of new ’-
~manufacturing techniques in the manufacture of the parts using shop e

, production techniques and labor skills to production tolerances before _ g
*." .~ the material or process can in fact be considered within the state-of-the= s

art, :

#2770+ ' was extended in the XB-70 program appeared in the early stages of the .
 program when it became evident that during pre-weld trimming of parts i

= - and actual fusion welding, only very small deviations of the millingor . -~

#f¢ .. welding heads from the path of the intended weld could be tolerated. . i
"y Extensive experimental effort lead to the development of the "skate" -

©2""  technique to meet this rigid requirement. A 3" to 4" wide track with a

i rack was mounted directly to the parts to be joined, parallel to the ., .
. path to be machined and welded. The track was held in place by vacuum :

e A typical example to which manufacturing research and davelopment o _g' i‘;_
I
!

cups and a small motor propelled itself and the milling or welding vusf
equipment along the track at the velocities required for the operation. g R
e By this means the edges of the parts to be welded could be milled b
R simultaneously by the same cutting head, assuring a near perfect lateral . Eq;
- . fit for welding. By use of this technique, it is possible to machine, . '?Q
=2+ weld and inspec¢t by x-ray large, hard to handle assemblies without ~ 0 B
expensive rigid tools with accuracies comparable and equivalent to that , . ExE
~. of highly specialized machines. "'f -
As the alternations of material developmept and improvement in = .-_'Uf"

*

techniques of fabrication continued, the use of mar-aging steel was con-
. templated to save weight and reduce processing costs; however, mar-aging :
steel was not used on the XB-70 because of the timing. Although it was N T O
not used, the development of the mar-aging steel has provided materials = '
, - to the industry for use in the 300,000 PSI strength range. o5, ,
S ™ « & G L e § el
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e With limited testing and no previous experience the ' fa . Tes
-« manufecturing departmonts found honeycomb panel fabrication, inspecticn,

. and assembly more difficult and problem laden than was antloipated. v
host of the problems had thelr sourco in extra-panufacturing arenass - T m D
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¥ iy The sheer size of tho air vehicles in relationship to
“# ..  aocumulative dimensional "tolerances further upset by the warping
S affects of the welding processes was never fully-grasped until the
sive wings were moved in to mate along an elghty foot dog-laggod
501nt with oomplexrourvad zurfaces.
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R ' As the problems aroge and werc recognizad, to some extent, the

e ever mounting premsures to meet the contraciors unrealistic ovor—optimistio
R o schodules and prevent further costly slippages forced decisions to pursue -
‘o -+ -+ courses of action which were fraugzht with risks. Unfortunately tho odds - B 4
2*. - were never favorable and most, if not all thé gambles wers lost. Some-of "R
;%% the losses are still being reaped in the flight test program which has
: suffered from fuel leaks and structural failures. .

T T
v

x
‘-) -

Tsater The extensive woight savings drlva coupled with minimm teatlng
.- led to minimum and marginal quality panels being produced. The
%7t overpoweringipressure 0 meet an optimistic sohedule caused use of . s
' - - those panels as well as delaying thoir repeir uatil late. in the assembly
e sequence. Frequently, during the aseembly process it was necessary to
Pk v forcefully bend panels into joining position, thus producing built in

: stresson which, combined with weld shrinkego stresses induced during
agsembly welding and panel repair resulted in further panel failures.
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gﬂi- The shortcomings of the honeycomb panels wero rocognized and
=z extensive redesign was initiatcd for A/V #2 and 4/V #3 panels such as
v A increasing the brazing foil thickress, incroasing the face sheet thickness,

tightoning up the tolerancos, repciring defactive panols as soon as
possible prior to the assembly scquenco, monitoring the loads required
-0 move panels intoe joining poaltlons and keoping the built-in stresses
at an acceptavle level, wore soms of the actions taken which resulted in
bottor quality honeycomb=panel azzemblics. A development wnich was too
late to influence very many 4/V #Z panols was post braze chnemrmilling of
entire honeycomb panels. This technique permitted simplified internal
panels and put the complex surfacos outsids whore they could be seen and . ¢
dimonsions controlled, Use of this {echnique was fully realized on A/V‘#B L s LEVE
honeycomb panols with excollent resulta.

The problems of fuol tank socaling werc significantly reduced by

: ~use of cove seals and & change in assembly sequonce. The A/V il fuel tanks
: ‘ware initially sealed after the hydraulio tubing and electrioal lines were
""installed in the tanks, the A/V #2 tanks wore initially sealed prior to the
" tubing and line installations. Both the sealing time and the leakage rates






.
1

(:} ' WOTO algniflcantly roduced by usa of cove seals end improved asaambly e ' E_
Eequence, , ;

2. COLCLUSTONS

{
. _ The redircotions which czlled for speod-ups, cut-backs, lay-offa, j'"-
B . and hold~ups; the ausitore tooling, the unrealistioc schedules, the austere - . - f
- .. f{unding and the incremontal fundinz as well as design weight savings all - ,?
2 %A funnoled their cumulative affects on the manufacturing depariments. A b

t
Y The peouliarities of honeycomb panels and the need for 'kid-glove' .?';
o treatment of the panels from fabrication through asgembly was not fully - t
o recognized early enough in the program to avoid many of the problems which

turned up during the manufacturing proceas. ' 1
o ; The limitations of available panol inspoction equipment and
E processes were not fully eppreciated early enough to prevent marginal

-and defeotive panels from being accepted and siarted into the assembly

© Procesas,

5

Eor 8 ' It is apparent taat the %task of sealing siructure to *zero’
"X e, leakage condition for air or niirogen gas was mot fully appreciated by
. the fuselage design teams.

a. Complex Panels

A : X ; s
Woight savings emphacis generated large complex panels. These : .
panels were difficult to fabricate, contained, many as-brazed defecis and I 2
proved to be exnessivaly difflcult to process through the.production phase. RES T

_ Weight savings can be achieved through large complex panels e e
but these types of panels are pronc o defects and damage, the repair of B 5
Bl which is costly in time and weigh%t. Smaller, less complex, thicker—face- RN -
-] ' gheet, panels would simplify the fabrication and assembly processes and : ; _Jk*
é
[

S through reduced repairs keep the weight within reasonable limitas. .

be Repair Induced Damasg

e L In many instances the ropair induced damage was actually

Fw7 0 failure of a marginal panel due to the siresses oaused by the heat, or

' failure of a panel which hed a high level of previcusly induced siresses.
. Less frequent wore failures from overhaating due to non—compliance with

£ v ex;stlng process spocification‘ :

S e T Hot repair techn;quos are hi-risk operations end should be
: “ﬁicﬂosoly monitored to assure complete compliance with existing prooess

- gpecifications. Even then the hot repair technique may set up stresses -

. 4n the panel or ajoining panels which will make them subject to repair.

©+’induced failures. Hot ropairs may reveal marginal panels and panels

#'with a high level of built in sirosses. It is degiradble to discover

“both these conditions during manufacture., DBetter panel assembly . .
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j}Vital is a panel protection plan which includes protection during 311
= stagoa from panel fabrication 10 area close out. - . :

oconirols should be used to prevent axcessive stress build up. Better i
inspootion techniques should boe deveclopod to discover marginal quality
panels. Better processes controls should be used so stress build ups
can be monitored and kept within a safe level.

The possibility of using a cold repair process should be
investigated thoroughly prior to calling out a hot repair method.

c. Panel Contamination

During nickel plating operations there have been soveral
inauancas of panel contamination with the corrosive nickel plating
solutions some of which were not recogniged until later in the
production process. v

Even with careful following of the process specification,
nickel plating is a high risk operation. The conversion from a
positive (gauge) prossurized plating box to & negative (gaugo) pressure
lessens but does r.ot romove the risizs No non—E&estructive inspection
method has been devised to assure, during or immediately after plating,
there is no contemination of the panel. Thore have been instances where
visual evidsnce of contamination has shown up weeks after the plating
operation,.

Cereful and exaciing adnerence %o the process spocifications,

Including continuous alort monitoring of the nickel plating operation is .-

required. Nickel plating should never be deferrsd uniil aiter a panel
is joined to a second pancl nor showld it bo doferred on a subassembly
until after the subassembly is joincd to anoiher. Whenever possible,
nickel plating should bo accomplished early in tho production process
50 as to permit deteciion o7 contiamination prior to the pansl being
incorporated into a larger assembly.

d, Production Handlinﬁ of Fonoycent Panels

An unzcceptably high number of A/V #1 panels were damaged
by workmen becauso they were not thoroughly indoctrinated in care and
protection of honeycomb panels.

Worker education programs and panel protection wore utilized
on Air Vehicle #2 to & maximum exient and worker caused damage to panals
was held t¢ 2 minimum.

. Worker education in the care and processing of honeycomb
panels is a must and this type or training program applies to all
personnel from the janitors to the engineers and managers. Bqually
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I 1. BACKGROUND _ L
i T In the XB-70, the use of conventional méchanical faa?ansra L

is limited primarily to the forward fuselage section which is con-

e structed of titanium sheet - the balance of the structure is fabri-

coeeset . cated of welded honeycomb panels. Each XB-70 required approximately |

w707 adx (6) 1inear miles of welding to join detall parts; and about two

" 7.7 7, and one half (2}) linear miles to join major assemblies of nearly

- - twenty-five thousand (25,000) groes square feet of brazed honeycomb
. ~- . panels. Considerable developmental effort was necessary to advance
the welding and brazing techniques to meet XB-70 requirements.

SRS

= e

el The requirement for welding starts early in the individual
‘4w, canponent fabrication where individual panel face sheets require the .
" - ... - welding of two or more separate pieces of stainless steel sheat .

. material to make up the total panel area. The normal process of

5 K welding stainless steel sheet results in panel distortion, requiring

.." . hand finishing to obtain a clean, burr-free, flat finished sheet.
To eliminate both the hand removal of the weld bead and the distortion
- ' of the welded parts, a welding technique known as "LANAR" (Low -
=" -¢" , ©" Amperage, no added Rod) was developed, VLANARM welding uses convention- -
al tungsten welding equipment but penetrates the weld area only 75§ =
85% on tne side. The work piece is turned over and a second weld _
penstratesyenough for overlap of the first weld.  No filler rod material . ..
is added. The latsral contraction of the second weld off-sets the R
lateral contraction of the first weld, leaving a small convex wald ;
- bead which was eliminated by slight roller burnishing. o

& —

i N & Coa x ¥
e e e
2 [l =
: ;

Er .
HIE
P

el

1 a g b i
BT i PR
AN Lige e

o SR yuV A
SRS S

P ol

(e

-
3 % 5
SO LT —y .1,.....
s : 1

-

h )

The most important joining methods developed or refined for tbc e
XB-70 were resistance butt welding, resistance spot welding, fusion : .
spot welding, fusion welding, electron beam welding and brazing. By & ah
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Registance butt welding was a new application of conventicnal
resistance welding principles, consiating of panels joined with added

. s8trips on both sides of the inner and outer facing sheets and was
. dnitially used as the basic means of joining honeycamb panels. The " g
© strips served to contain the weld nugpget as it was formed and prevented ‘. ..
- reduction in cross-section area of the sheets as the weld was made. E LS
Butt resistance welding initially provided a satisfactory, fusl-tight ;
JOinto i . B i

) . Pusion welding was the principle welding method used on the
XB-70. In most cases, it is done by the tungsten inert gas process

(TIG). The arc is shielded by an inert gas such as argon or helium

._ a8 filler material is added to the molten metal. Several adaptations
_of fusion welding were developed. Each designed to weld different

typos of joints. TIG welding became the principle method of joining
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s e ‘e honeycomb panels by use of what is known as key hole welding. , :
(:) - . +Joining panela, the lower face sheet was TIG welded through a 1/8 R e iBows
o o inch slot in the upper face sheet. The uppor face “sheets were then
Jjoined by a double weld using a 1/8 inch filler strip to close the
slot. This provided a weight savings, and permitted the honeycomb
core to more clogely approach the edge of the panel for greater
atrongth.

i B i i

et " A family of l.ight welght. titanium and PH15-7MO steel I beams
- «*. .z, wers developed for the XB-70's inner structure. A thin corrugated web

- .7 1e sandwiched upright between two caps. The caps were welded to the
Fr#i o sIs- . web by the "burn-through® weld process. The weld heat penetrated =+
Ty through the cap and fused the web. Weld rod filling was used for
TR A any depression resulting from weld flow. The TIG welding technique
SO S was also used in same cases, the torch being programmed by an electriec

b s eye following a precise template, tracing the corrugated (sine wave)

» . - web exactly., A continuous weld fillet oo each side of the web results.
Because of the high strength to weight ratio inherent in this procsss
and the cost advantage of weldments over machined parts, this type
of structure was predominantly used in the structure of the XB-70.

o - . £ i
e s i N

Del® RS VLT Electron beam welding was taken out of its previous laboratory
s ey environmment and was used to weld the wings to the fuselage of air
.~ vehlcle #l. The upper and lower surfaces of the wings and wing stubs
.2 % . ¢  are honeycomb panels and both the inner and outer face sheets had to
. - be Jjoined. The inner face sheets were TIG welded by the keyhole .
method. ‘The outer surface was joined by electron beam welding. This
electron beam method was salected because heat is so localized that
residual stresses and weld distortion were kept to a minimum and thick
materials could be welded to thin gauges. A joint to be electron ;
beam welded mmuist be enclosed in a high vacuum. Basically -this problem B
was solved by the development of a portable vacuum chamber with aliding
seals, Maximum advantage of electron beam welding was not realized
initially due to the vertical misaligrmment of the surfaces over the
80 ft length of wing joint to be-joined and an adapter strip was
““% ..~ required to achieve the required tolerances. Nontheless, the electron
=" - Y . beam welding did afford an advantage by its ability to satisfactorily ' %
" Join materials in a confined joint with a minimum of residual stress P
being induced by conventional weld shrinkage. . -
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Conventional resistance spot welding was also used whers
fusl tight joints were not required. Special long reach spot welders
(72 inches) were designed and built to resistance spot weld forms . y
attached to panels where a long reach was necessary within a restrioted -~

N ;'_uorking area.

EEE A great smount of hnnd welding was still required on the XEh?O
.- demanding great skill of the individual workman. As a result, a new
:"-goncept of welding at elevated temperatures was developed. Depending
_on the conditions, it was found necessary to heat the entire part - .
'bofore, during or after u-lding For nxampla H-11 welded aalanhlica i}

A, .
Y.

+

crr b,

ros

.

! %






i % . = o o = ;):
f:_ ; o = P T IV TR .%,F:A‘A w-——"-h--—- '::""" -l “:“_-"'E::'--‘"‘
} - .. required preheating and holding at 600°F during welding with-the - = -~ il
. c:) welder working in an asbestos suit., After welding immediate stress SN o
N Lo relieving at 1200°F was required to.prevent cracking in the weld 5 4
e T and surrounding areas. Manual welding of titanium was done in an i
.-+ .. inert plastic 'bubbleM chamber containing argen to prevent contami- : L
7" nation of the titanium during welding. This procedure was improved R
<4 ... by a "trailing cup” method for assembly welds, which removed the S
=+ *oe0tue. < Mpubble® limitations. This method provided a travnling cup of inert LA E. T
R gas as the weld progressed. ) 8 e, faf o
) k It has been found that the production department and quality e

control department personnel require an earlier input into the basic
design, and in many cases, the individual worker can and has assisted
in basic design and fabrication planning., With the advent of the '
e LI super alloys, it is eéssential that the individual worker becoms P
%, 3 highly skilled in the manufacturing processes. Not only is training

d

s e D Mg
S x .
> 4, s & g

L“’ required but proficiency must be maintained. Such requiremsnis do - b w
. not lend to changes in personnel without extensive retralning, thus - : n
e early and specific labor requirements must be identified to keep _ -
e optimum labor skills and allocationa on a stable basis throughout - . b -
St o the program. | 2B Pl
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1. BACKGROUND
h Sy' Due to the unique construction of the XE»?O, the major quality

3 -control effort during the fabrication and assembly stages of the program

;}_ . centered around the fabrication of honeycomb panels. There are essenti-

~%: . ally five basic factors that cause poor quality in a honeycomb panels

AR '-,.-_J improper node, flow, faulty shear ties, crushod core, inadequate fillet Foge

B oty slge and fa;,ring surface faults for which J.napect.ion methods for finished :
L pamla were developed. . , R R il

B i e 4 g A

% ;
G te -

v b
’ E The problems of quality control increased with the introduction o ;
<::i%++" " of the new materials and design concepts. The conventional inspection = i 7
e methods were generally incapable of establishing product integrity either . ., . °
x, T because of inaccessability or critical inspect.lon tolerancea., The o %
.+ 77 shistory of quality control on.the XB-70 is ond of continuous evolution IEL B P
: of new applications of improvements upon tools, methods and techmiques . . .
i available to industry. Many times complete reliance had to be placed . : " .=
‘.:*_: 7 % upon the worker until & meaningful inspection capability could be B B T
~v 7 - developads An early problem was the difficulty of assuring an exact i oz
= . 7 it between large surfaces of honeycomb core to the varied levels and ~ ~ -
#3i% 2 contours of panel facing sheets. A photographic method replaced a : E oy
2 ;. measuring and charting method. Jt in turn was supplanted by a carbon e R
v -7 paper record of the degree of fit. The nced for absclute cleanlinese -
L and purging of the panel components of gas~borne contaminants was =~ -~ i
6y . discovered during the investigation of early failures of the honeycomb v *- 7 i -
“:7* - . panels. Here again the individual workman provided the prime insredient v % O
Bav g, Of quality eontrol., 3 N
bt R X-ray :Lnapect.ion was the initiel method employed to determim cL j
b - e b the integrity of honeycomb panels. The ability of the reader to - e

- detect other than gross faults was highly questionable., Ultrasonic = .. .. .2
o inspection of the panels was used as a supplementary inspection process. T i
. - - Although a permanent recording capability was developed, the requirement - -
T 7 for immersing the panel in water dictated that this technique be aban~

dened since water entering the panel caused considerable corrosion. The g

_inspection process returned to a procedure of in-motion radiography which .---7:
_ " blurs one side and causes the other side to stand out sharply. This -

~method provided a readily readable record of inspection. The use of - =

. portable x-ray units moving on the skates was used to inspect all welds - . = .
‘during sub and final assembly. ‘It should be emphasiged, however, that - .- -

4

'3

1
4 ’*h-um"\ﬁ"-f — "'""’f""“"'"f e g

.

. the real quality of the panel is vitally dependent upon the workmanship, % -~",. gL
. kmowledge and care ot the indridual worker on each detail of the panol L TR
. components. 3 ‘ . e o . 5w : -‘;‘.- T )
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O " 7 2. coNcLUSIONS | RN
& S The failure to provide components manufactured and/or fabri- ' o

. cated under actual production processes seriously impaired inspection h l‘

, -and quality control; as well as the previously mentioned impact to {
)

5 the production program. The new techniques which were required to be
£ 4 - developed, x-ray film reading as an example, and the required tims
T necessary for training in the use of these techniques dictated that
“ 3.~ the learning process had to be accomplished during manufacture of the
“. . . actual air vehicle hardware. It was late in the manufacturing of
©°7 % air vehicle #1 hardware, before any degree of reliability could be
Placed upon inspection identification of defects. The early unidenti-

]

1

R o fied defects in honeycomb panels, or the questionable classification

¢’y . of guch defects were responsible for failures which are occurring under -
¥ % the present Flight Test Program. To make repairs and/or replacement .
x> .. - of parts at this point in time has proven to be very costly to the : "
g program in both time and dollars. _ :

B L, o The failure to provide an adequate development testing program

e | has also hampered the development of an adequate inspection and quality

Ml = cantrol program. Since this was an austere program, there were insuffi=-

& % . cient funds to eet up destructive testing of honeycomb panels so that

actual comparison of defective areas versus the findings of the x-ray )
reading could be compared. Lack of such a procedure limited the quality . -
gontrol personnel in malking adequate or timely adjustments in training == . . ..
‘or predictihg quality trends. The testing program on honeycomb panels, .. =
.. as an example, were limited to a surface pull test at 80% of designed =
. "atrengt.h of the panels, as uall as to suspected areas only.

T L S R

As a result of not being able to properly ide.ntify and nata— )
gorize the defects, the scrap rejection rate on the honeycomb panels 5
' was extremely high (34% of total square footage produced on Air Vehicle .°, -
#1) and it was not until production of Air Vehicle #3 penels began that = - -
 elimination of defects through quality control input on redesign and .
. improved techniques was made possible. Air Vehicle #3 panel production o
was at a 2% scrappage rate at the point of termination, March 1964 It .o .
_ _can be said that the major comtributing factor to the program schedule . = =%
' delay and dollar overrun was due to panel defects and that repairs Wkt T
¢ 7" generated by these defects were the primary source of leaks which T e wa
;... delayed the fuel tank sealing efforts. In addition, as the as.rplanos i o
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were built, the continuous repairs to the structure resulted in ) RS
considerable weight penalty. It is estimated that the weight penalty . ..~
due to the above repairs amounted to 22,920 pounda on the ﬁ-r"" XB~70A - 7.7 fr
’-gmd 20a35h pounds on thu mcond XB-T0h' - % . B b A
s e P a e IR X SR LR esl L Ti"T—z B el GRS
3 e . ‘:'_ .: * o .{__.}
eI e R S b -
i ) ¢ ), ,‘.' ) E"“E .
075 - = “ i

\
I
&

“ivew

kS s e e e A TR
-ty £ -"l_‘.l'hq* v"ﬁ—r ﬁ-’s;&t
N






..m, Y .ra.-..vhv.-Tl...
4 Ny & K

I, ratody Y
4 i






IV  ENGINEERING

- Ae  General Backg,rbund

In the area of engineering experience, the influence of repcated
program redirection’ and curtailment of funds have impacted upon the
number and depth of the technological sdvancements that have bosn
forthcoming. With the advent of the program as it exists today, the
research and engineering efforts were restricted to the prime require—
ment ‘of providing an Air Vehicle capable of perfoming within a speed
and altitude flight envelope up to Mach 3 and 70,000 ft. Although
hard tooling was available in most of the structural areas as & result
of the previous weapon eystem program, the XB-70A4 Air Vehiecles might
bo considered as having been designed and built on a model shop basis.
Final engineering in the subsystem areas could not afford the lwaury
of optimum design for maintainability or extended reliability, and it -

" became necessary to use ajrworthiness testing in lieu of extended

subsystem and component qualification test programs. Two very

-eritical areas that have been much more successful than would normally

_~ be expected in light of the drastic curtailment of subsystem testing
~ prior to incorporation into the Air Vehicle are the flight control

 system and the hpdraulic systea.

The number and complexity of
problems that can be expected in attempting to provide technological

! breakthroughs in these areas without providing a full scale flight . .
control simulator or hydraulic system simulator can be almost T
- . " insurmountable, :
- ' problems both during the development program and during the initial

Although both of these areas have experienced severs

portion of the flight test program, the validity of the basic design

' * concepts and the compatibility of the components within the aubs:.rstemu

as demonstrated during inltial testing of the Air Vehicle are

. considered to be without precedent in their degree of success.

B. Subsystem Discugsion

In discussing the engineering e:qaerlance and lessons learned,
‘dt is appropriate to cover the major subsystems more or lsss as
separate entities. In such & discussion, however, it must be
remembered that a very significant portion of the knowledge to be
gained and lessons to be learned in the area of engineering design
and development will result from that portion of the flight test
program that is still in the future. To date our knowledge and
experience have been primarily in the initial development, imple-
mentation and integration of subsystems into the basic Air Vehlcle
configuration.. )

l. Hydraulic Subsyster.
Primary experience ga.i.ned in this area 1s centered around

s tha new pubsystem requirements such as the use of 4000 PSI aystem

proaaurea as opposed to cwrent .inv m'wry aircraft systams that are
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based on pressures of 3000 PSI. 7o accommodate this elevated pressure,

- it became necessary to develop and utilize seamless stainless steel

tubing for hydraulic fluld transmission lines. This tubing varies in
size from # to 1-7/8 inches in diameter. The use of standard AN

fittings in this system became prohibitive from the standpoint of

preventing leaks and the excess welght encountered. Both of these
problems were solved by the davelopment and use of brazed tubing
fittings. It is estimated that the use of such advanced fitting
techniques resulted in a weight savings of some 10,000 pounds through=-
out the entire aircraft system. In order to utilize this 4000 PSI
system it was necessary not only to drastically reduce the tolerances
and clearances in valves, actuators, and hydraulic pumps, but it was
necessary to remove foreign contaminants from the fluid system that
were microscopic in size. The severity of this requirement is
11lustrated by the fact that the fluid filters installed in the on-
board control valves‘are designed to remove foreign particles that
are larger than 5 microns. In order to utilize the elevated pressurs
of the system it was also necessary to fabricate actuators and pump
components of H-11l tool steel. The use of H-11 steel in these areas
in turn necessitated the development of new machining techniques.

When the initial designed pumps and other components were
first integrated into the system, components and transmission lines
failed due to pressure surges and system pulsation. The absence of
& full Qcala hydraulic system simulator required that these and
similar "flight control problems be resolved by tests :conducted on
the actual Alr Vehicle subsystem. Experience has now shown that the
decision to eliminate the full scale simulator was more costly in
terms of aborted flights, extended down time and component failures.
In consideration of this additional cost in money and time, and the
potential damage that can be encurred during testing, future systems
will find it more economical to make the development and fabrication
of a hydraulic system simulator a mandatory requirement. ,

During the initial phasus of the B-70 development program,
the decision was made not to install cockpit instrumentation that
would permit the flight crew to continuously monitor the pressure
and fluid quantities in the various hydraulic systems. However, as
the flight test program prozressed, it became evident that such
instrumentation is a necessity. Future systems should include thd
hydraulic pressure and quantity indication requirement on a mandatory

. baSiB .

Experience has also shown that in the area of hydraulic
tubing, the use of only rigid lines throughout the system 1s a poor

' design approach. Major linc failures have now been eliminated by

the use of flexdble lines in areas such as the attachment of

7 hydraulic driven pumps. However, additional development is still
;: ~roquired to make available flexible lines which will withstand high
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pressures and temperatures while providing long life reliability.

2. Electrical Subsystem

In order to reduce the weight of electrical transmission
lines, the electrical generation system was designed for 400 cycle,
416 volts. This system has been highly successful and the use of
higher voltages at extreme altitude conditions has not presented |

s problems of corona or arc over. The successful operation of the
.0il cooled brushless generator has also proven that arc supression

around rotating rectifiers is not necessary if the system is designed
correctly. The development of pure AC relays and solenoid valves
under the XB-70A program has also allowed the elimination of trans-
tfarmer rectitiers for DC control power. Experience in this area has
shown that although & small zmount of direct current power has been
used for certain equipmentus and for providing an emergency power
backup source, the high voltage and pure aiternating current powered
Air Vehicle design is a proven concept. The use of such systems in
‘lieu of conventional AC-DC low voltage systems results in an eJ.ec't.r:Lca.L
subaystem weight savings of approximately 25%.

3. Propulsion Subayst.e;n
The XB-70A is the firat csupersonic aircraft to utilize a

single Jlong air intake duct to provide combustion and cooling air to
more than one engine. This arrangement of two air ducts, each

" . providing air to three engincs, has proven nighly successful to date. -

Signiricant also is the successful use of a long (80 ft) duct with
variable geometry control. Ixperience on this program has shown
“that at Mach 2 and above, the inlet geomotry must be variable so it
can precigsely control the varyingz shocx patterns of the ram air.
Optimizing of the inlet geometry has become one of the most critical
design problems of air wvehicles operating at high mach numbers.

A significant lesson learned as a result of the program

- alippages is that the engine development in any [future program should .

be started at the earliest possible date. The two year program slip=

. page which the XB=-70A encountered permitted most engine problems to

be resolved prior to the flight test program and on-board engine
operation is now highly successful. The J-$3 engine was developed

by General Electric, Evendale, Ohio. This engine has satisfactorily
demonstrated that with continuous afterburner operation it is possible

.to develop 30,000 pounds of thrust with an engine weighing less than

6000 pounds.
Another signii';.cant lesson learned is that the large quantity

of JP~6 fuel carried on board can be successfully used as a heat sink
not only for the heat generated by the on-board subsystems but also
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filled with gaseous nitrogen under a positive pressure. : AR

hnrdwa.ro. ) e

Rk I S

for the aerodynamic heat accumulated at high mach numbers. Although
the fuel absorbs sufficient heat to raise it above the flash point,
safe operation has been obtained by first removing the entrained air

from the fuel by bubbling nitrogen through the fuel as it is put on t
board. Secondly, the ullage space above the fuel in the tanks is '

A major problem in this program has been fuel leaks in the fuel N

‘tanks. Numerous methods have been applied to sealing the honeycomb

structure and although the leaks have been greaily reduced, further
development is needed beforo a completely satisfactory high temperaturs, = I
long life tank sealant can be made available.

4. Alighting Gear Subsygtem

Design work in this area started early in the program. Un-
fortunately the original design size of the tires was held to a .
minimum to reduce tire weight but did not take into account the growth
potential of the air vehicle in over-all gross weight. Consequently,
the utilization of the total siructural gross weignht potential of the g
air vehicles now requires the tires to operate at temperatures and = g
pressurea in excess of the original design requirements and beyond 2
the state-of-the~art of tire manufacturers. This situation has ' b . e
greatly reduced the reliability and life expectancy of the present Ly v
tire copfiguration. The significant lesson learmed from this L e R
situat, is that in the initial design, the tire size chosen must - . © g
be sufficiently large to accommodate the growth potential and - : oy

e T e SR TR
¥ : 3 G

regultant gross weight inorease of the air vehicle. = =N -

Another major problem in this area has -been brake chatter -
at low taxi speeds. Although this problem exists on all large air- = . R

' . . ecraft, the problem has yet to bo resolved. Becauss of the potential .
- structural damage that can result from this situation, the XB-70A I

program now includes a rather extensive effort to establish design R
criteria for braking systems that will eliminate this problem. . CE

C. Applied Technology Base . ot

Weapon System 110A (X5-70) f»¢m iis inception has required the = = i 'i;_:‘,
maxdmum utilization of the Ja:ost laboratory and research advances - T
in aerospace technology to .icet the systen objectives in performance, ol
range, speed and accuracy. The application of these advances posed U ™

considerable problems. Althou;h mony of the advances in aerospace
technology had been proven in iic laboratory to the extent that they
were commonly accepted to be witiuin the then present state-of-the-
art, little or no effort had ucen expended towards the technology
vequired to genoml]: apply these advauces to aerospace Byatem

i
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One of the lessons learned on the XB-70 program is that this

: incroasing lag between the laboratory and research breakthroughs
- and the technology base for application to design and manufacturing
Lo techniques have resulted in longer system development time periods
and greatly increased system oriented costs. This lag has been

<5 1T L reduction in our programs to develop an applied technology base and
e L proven manufacturing techniques congruent with the emphasls on point

R ‘or system design. This emphasis on point or system design approach
.+ . implies that there must be an end item system hardware need before
e © 7 application development is done on the manulacturing technology.
Tnds results in the concantration of now how within a small number
s e of owr industrial coniractors and is oftan loat to the acientific
SRR i R cammunity whole.

The expansion of the applied research base not oriented to
k point or system design is required on a continuing basis in order to
Ly ~ bring future aystems into the inventory which incorporate the latest
S g proven technology at less diroct cost and in a minimum time period.

; In the XB~70 system program most of the advanced concepts had
“-  to be developed from the laboratory concept to specific hardware
: without the benefit of an applied technology base. For instance
stainless steel brazed honeycomb panel had becn produced in an'&li

- structural material. To use this material for the manufacturs of
the XB-70 required development of roliing; mills that could produce
- stainless steel in both thin and close tolerance sneet stock, de=
T velopment of brazing techniques and equipment, development of Joining
- and welding techniques, and the development of a whole new family of
' quality control and inspection criteria. Once developed, the new

© . - encompass the entire subcontract base, All costs in both time and
Set 0 dollars were directly oriented to the X3-70 program.

e As the XB-70 was originally planned as & weapon system to be
-~ produced in quantity, a large development and subcontract structure
was established which encampassed nearly all of the aerospace
industrial complex of the United States. As breakthroughs were
made in development or manuwfacturing, these were distributed to all

. were dissam.nated to the entire scientific community.

G The technical lesson learmud on the X3-70 System Prog,ram is that
- our programs of applied researcn ana manufacturing technology are not
‘adequate or timely to support =hc advancement made in the laboratory
research programs. The emphasis on only system oriented development
‘of applied reaearoh or ma.nufa.ctumng tech.nology bas increaaed the lag

= =
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cauged by the rapid expansion of our research programs with an equal -

procedures, techniques, processes and equipment had to be expanded t0 .

vendors and subcontractors through newsletters and symposiums. Thus, - -
- the XB=-70 advancements in the state—of~the-art end information ga:lned.. .
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laboratory samples and was commonly recognized as & highly efficient . ..
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between laboratory research advancewcnts and thelr application in a

By -

system and has greatly increased the systom development time and .. .
. saystem oriented costs of any system which ut:n.'l.:.zes the latest - ‘ T
-, regearch advanoas. . _ RN B
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<, Vi FLIGHT TEST

A. BACKGROUND - N
2 N R g bR
‘:ngfﬁgjj-., All areas of flight test support, and with the exception of the =
: ' ' : ~
1_;*7 % ’flight test contract planning, were completed to support the originally :

;é ’ '}'uglanned first flight date of Deccwber 1962, The Joint Test Force was "g
; ) ibrganizad and the services and support agreements between the AFFIC and ?
jié'if_’:thé contractor were in being by that date. | ‘ T :;~
iy ' A1r Force personnel ;ere trained by and w;tn contractor personnel. | % J;
P 9 . The tachn1c1an and engineers virtuclly lxwed with the Aircraft durlng ?,
:g;* _ ' manufacture, thus acquiring a thorougn béckground. The pilots'receiyeﬁ E, i
b ground school with the contiractor pilots'and participated eéﬁally in ) &i_?
i ff_ the fliéht control simulator missions. | | &j”
- The cont;actor flight test maintenance personncl were empléyéd in :i?:;r'
the manufacture of the aircraft, consequently they were well qualified .ffsf d
in the configuration and systems operatiens. The contractor pilots :{2Ej
s completed Alr Force B-52 crew training and received B-58 flight training €
e to gain experience with large high speed aircraft. ;?
Facilities in being at the AFFIC were adequate except for modification _ 54
of building 1820, construction of a'l0,000 barrel capacity storage tank__ i :é :7
for JP-6 fuel and construction of a run pad for the XB-70. This work - ‘:E“:?

was accomplished under the military consiruction program. ' g 3
s The flight test plan was developed by the contractor and approved

byfihe Air Force. This plan was to the detail of each individual déta

overall plan and flight ' b

ey A s

test brogram objectives. The plan was based on the contractor's estimate

R OO O SRR B S A
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s

(:> of achieving an average of eight hours per month per air vehicle.

o ;'”; The contract for the flight test program was accomplished in July i'
.f fl " .1964, which was, of course, priéf to the first flight of the air '%
..vehicle. Since the contract was of the incentive type, the contractor "i |
3fﬁés.£5érein recognized as the flight test program manager.. Aéproval g‘iéj‘
n{authority over the flight -crew composition was, however, retained by :TE?;3
;;Qafﬁ the Air Force. | ' L ' R L
: -

B. CONCLUSIONS:. AL

v

-~ The organization and manning of the Joint Test Force was, due to
.aircfaft manufactﬁring slippage, almost two yaars early. This, however, i -
- was not a wasted effort.r The additional time ava1lable resulted in

" much more thorough training than woulc have been possible otherwise,

: and anabled personnel to follow the air vehlcle through the manufacturing - 5:%1: N
.as well as pref11ght phases. In additlon, it made available ‘to the SPO, ':- T{{§;;§E;E=;
f on site knowledgeable Alr Force personnel. Thn fllght control azmulator '1';'_E“;§§:flﬁ
. experience gained by the pilots was Judged exuremely valuable training, B f f;?_%;.i;
£ L

~particularly {n view of the fact that due to austerity no flight \ , '-:1

' a—
P 5

£ simulator was procured. The contractor procedure of utilizing flight : _ -

test maintenance personnel in the manufacture of the air vchicle was a

e 5

valuable expedient to provide trainea molntanance personnel for the

i flight test program without incurrlng added training costs. Tha heavy 2
*_ ¥ -
and supersonlc bomber trainzng afforded the contractor pilots is falt






The formulation of the flight test program objectivés and the

&

development of the broad flight test plan early in the conceptual e

phase of the flight program is, of course, necessary. However,

g —

rwﬁl-:. planning to the detail of individual data points is wasted effort.

. —

R To date, in the XB-70 program, less than 50% of the data points

. accomplished were contained in the detail plan, the balance consist-

[

4
ing of points for which the requirement was unknown when the plan

v . was developed, yet accomplishment-wise, the program is proceeding - . o

T ' approximately on schedule for the nours flown. A further considera-

L

tioq is that the detail pian of data pbints, (NA 61-620-2) was compiled
for the originally planned flight test program of 415 hours. ; .
- ‘ ) "o ’ o
The incentive type contract coes not lend itself to the exercise :

B s & T

B T

??fit ~ of Air Force management of an experimental flight test program such LR
;;éf‘ as the XB~70. Any request by the Alir Force to the contractor to

alter projected flights will normally affect the achievement of the

o P e A

contract incentives and can,'thercfore, be expected to be. met with

s

-opposition by the contractor. The Air Force isc then faced with the

alternatives of relinquishing management of the program or placing the

contract in jeopardy. A type of coniract which would permit Air Force
. - : be "
- to exercise management prerogatives would/highly desirable. v

gy 7 g s
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VI. CONFIGURATION MANAGEMENT : b " ;

s .. A AIR VERICLE

ﬂyﬁf%ffﬁi e a. In light of the very stringemt funding limitation under

_ which the B-70 program has operated and is being tested 1t was necessary
oot tewo in early 1963, to establish an effective and positive control of configu-
2. - ration changes. Control of B-70 design and fabrication has been achieved
. through SPO surveillance of specifications and .engineering data. Change
.control procedures were negotiated with the contractor and included in

VRS P s e

i an Exhibit which became a part of the contract. A B-70 SPO Office In-
e struction was prepared to list procedures for control of contractual L
g changes to the configuration of the XB-70 Air Vehicle and YJ-93-GE~3 .

-~

TR e I TR T AT

i engines, SPO approved specificaiions in effect on the date of acceptance
A of each Air Vehicle, with deficicncies and shortages listed in the A/V
 Deficiency Report, defined the baseline configuration of each- Air Vehicle.
Major changes to the Air Vehicle after AF acceptance require B-70 SPO approval
prior to making the change. Differonces between the two A/V's required the
~ ,» use of separate specifications to define the baseline configuration; however,
the same configuration control procedures apply to both A/V's.

b. Since only two XB~70 A/V's were procured, configuration
Ba identiflcatlon and reporting at component level (which is the procedure for

- programs scheduled for the operatioral inventory) was considered unacceptable
for the XB-70 development program. In lieu thereof, XB-70 configuration Y
identification, control, and reporting is accomplished at subsystem level "
allowing the contractor sufficient design change flexability required for a
development program. Since botn A/V's were bailed back to the contractor i
after AF acceptance configuration status accounting is accomplished by the i
. use of contractor internal reports rather than requiring the contractor to ' ‘
" - prepare formal status documents. The contractor's status reports are
#eyre.  furnished to the Alr Force at specified time intervals and provides, (1) a

T

=

$.

g,

i
S8

3 7", word description of engineering changes made since the previous flight of

W~ 0 the A/V and lists the subsystem affected, (2) a listing of the subsystems

% ~ ‘which were either inoperative or partially inoperative for the flight being i .
s ¢ reported, and also includes a statement as to the reason for it being in- .

%;i L operative, (3) a listing of all subsystems which have had changes incorporated ;
0o - since baseline configuration was established with a cross reference to what

. the change consisted of, and (4) a two part listing, which provides a list i
““of :all’ changes that have been released for incorporation in the A/V. One part’

‘11stes the changes that have been installed and tha second part lista changes
ithat han not 7at been inatalléd.






b - B

: c. The AFPRO and the XB-70 Test Force personnel maintain close
-»  surveillance over all configuration changes as they are being formulated by

: r
participating in the contractor's mecetings when proposed changes are dis- :
cussad. This procodure provides the SPO with a technlcal enginsering as-~ . iﬁ

A

sessment relative to the necessity for the change, a contractual assessment,
‘and a logistic support assessment relative to the effect the change will -
- /. have on Ground Support Equipment, Spares, Technical Manuals and Maintenance
o g procedures. Major changes are limited to those pertaining to Safety of 4
Flight or to achieve contract flight test objectives. Major change proposals ;
are reviewed and approved, or disapproved, by the B-70 Configuration Control
Board, which meets at specified time intervals in the B-70 SPO.

. ~ 2, CONCLUSIONS :
a. The configuration procedures and management controls P
s currently in effect for the XB-70 program affords the closest practical
2, management surveillance of changes, thus insuring-that only those essential b
g to the safe and effective accomplishment of the flight test contract ob- b
Joctives are implemented. The configuration of the flight test A/V'e is i ﬂtb
clearly and accurately defined as is necessary, not only to insure flight i ¥
-safety, but to permit interpretation of flight test results. Good day-to- .. .
day working coordination between the contractor, AFPRO, B-70 Test Force and =~~~ { ~ " °
" the B-70 SPO has been established. The SPO is kept knowledgeable regarding . E-f-\
- potential cénfiguration changes prior to.their actual release and incorpo- i L
ration in the A/V's, by means of a weekly informal telephone conversation !
between the contractor and appropriate SPO personnel. This provides the 4
necessary advance information without generating additional cost to the = & .
program which would be inherent in any regular written reporting. During E i -
these telecons progress toward accomplishment of changes already in procass =%
as well as a brief review of potential future changes is provided to the SPO.'. -}
A1l changes are analyzed with respect to flight test objectives, program cost, !
impact on logistics, maintenance, spares, and ground support equipment. This 5
. ..  type of continuous, close, but informal coordination provides the SPO and
i other AF agencies involved with knowledge and understanding of current status . .
i >+ of the XB-70 flight test program without the generation of additional and 3 S
unnecessary cost to the program. The XB-70 Configuration Management program Pl et
is similar to and satisfies the intent of current AFR and AFSC series of s
- regulations pertaining to AF eonfiguration management. With the exception
- of making minor changes, activities to date have confirmed that XB-70 g
- " Configuration Management policy provides definition of A/V configuration and ..
- demonstrates the existence of tight management control of configuration Wy

- ‘changes,

-






B._ DATA MANAGEMFNT =~ o

Bl BACKGROUND : : s S = 5
% B S .In the 1953_59 time period when an experimental contract for the B—?O was - -{hii
T executed, contracts for large quantities of aircraft were approaching a conclusion .
"'. and most contracts being awarded were of the R&D type with a minimum of hardware as - -
~ the deliverabls end item. It was at that time that the B-70 contractor and the B-70 -
v »" Weapon System Project Office realized that during the war end postwar years which - :
+. . bad demanded the delivery of high quantities of aircraft, specific contract defi- .- ‘.
~nition of data was of secondary importance and it was probable that up untll then,
- neither had the contractor known sompletely what data he was obligated to supply
_under a contract, nor had the Air Force known completely what data they had procured -
" under a contract. Completion of data in those days usually was constituted by sub-
* mittal by industry of qualification test reports for equipment, equipment samples,

. preliminany handbooka and mdcrofilm of final productlon drawlnga for the Alr sl
Vohicle. .

s

"o e m e

pe 4

i
: _i“‘h =

b. With the gdvent of the R&D contracts, where weapon system and performance 7.
specifications were being introduced and with the advent of a new family of manage- . .
. ment reports, the application of data requirements contained in military specifi- A
¢ -~ations for harduarg appeared questionabic, and the requirement for a definitive
© " _ocument of line items of data in the contract became evident. Such a document was
- generated by the joint effort of the B-70 Weapon System Project Office and the North °
' American Aviation, Los Angeles Division, and the subject document was attached tol'.3:~='
" and made part of the B~70 contract. During the 18 ronths that followed, data sub-

~.mittal requirements of the subject contract were limited to those contained within s
_-the exhibit and the status reporting of such data was mechanized for internal control ™
: Nithln the contractor's facility. The WSPO had as had the contractor, appointed one -
-person through which all data requirements were coordinated and approved. The exer-’
cise jnciuded a very close coordination effort between the contractor and the B-70
. SPO to resolve two basic factors: (1) Identification of data required by the SPO .
.10 fulfill its charter within the Adr Force and (2) A definition of the data so identi=":
" fisd in order that the contractor would have a clear understanding of the required , 5 Sanagy
"contenta of each end item of data. It was found necessary in some instances where
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“for the B-70 SPO to write an exhibit which fully defined the required contents of that -l
. specific line item of data. When all such data wers identified and understood by both%f{f*
~parties, it was attached as an appendix to the contract and prefaced by an introduction
" which contained the following two key statements: T ?
"Data requirements of applicable specification and USAF design handbooka, except a6 "
defined herein are waived. These and other government documents requiring the prepa= }“fi
‘Tation or delivery of data shall be used as a guide but shall not require Air Forco..ra*'y';
“appravdl for deviation thereto, ralativn to proparation and/or uubmittnl or data.” AR
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The second key statement wast "Data shall be submitted in the format and content
normally used by North American Aviation or by its subcontractors.” Where the term
‘M"Test Reports" and "est Resulta" were used, the meaning was synonymous. As of
. today, these words of the contract have not been amended nor has the contractor been
; requasted to prepare "'data'" per se over and above‘that which was set forth in the
e e o Ce The Air Porce, in administering the B-70 program, did one additional thing
7. whieh is particularly applicable to the management of data. It reflects a philosophy °
. _used by the B-70 SPO to maintain data at a minimum and was accomplished by the SPO
" exercising its prerogative to delegate approval of certain itcms to the contractor.
_ The philosophy applied was that which was reflected in'an early Air Force Bulletin
" MCP 71-533A, which when implemented, allowed the Air Force to accept contractors - . %
certification that end items of equipment below subsystem level had fulfilled the s
government approved airworthiness or qualification test requirements, such certifi- -
n} cation to be based upon the contractors laboratory test results. This meant that T
j:uith the exception of a few selected end items of equipment in which the engineering alr
. pereonnel of the SPO had a special interest, it became unnecessary for the contractor = =~
" to document test results in the form of formal test reports. This philosophy recog- =~ *
" ‘nized that test laboratory log data sheets maintained on file by the contractor and - il
v - T03411y available to the Air Force if Tequired; would serve the same purpose as file L
-+, cabinets, at Wright Field, full of formal test reports which might not be needed for =~ é

]

the balance of the program. .It is obvious the savings in manhours which were realized :
<y rticularly in view'of the fact that the contractor passed the same phllosophy of fii”;
;‘L,rtificatlon on to his major aubcontractors. _ _ A ) ‘;+

}
L}
]

e

l
" d. Following the definition of data which became part of the contract, the mﬁthod E
.- of managing the effort in accordance with contract requirements was implemented. This:- ?:
 conzisted of a mechanized system for data status reporting to the WSPO as well as p
" internal data management within the tontractor's facility. The first step accomplished g
f for the preparation of the master tab listing was the assignment for each line item of :
~’data, 8 sequence number, a report or drawing number, and a responsible group within ﬂ__{ni
North American. All items of data, as in the contract exhibit, were grouped by ,
subsystem. The master tab, printed from punched cards, formed the basis for all sub= .
_ordinate reports which were machine sorted and printed as required. The original . ;

.- system established the use of an 083 card sosting machine and a 407 rapid printersss’. 7
- and the cost incurred for establishing the internal control and reporting system was . -
a a minimm. The original programming cost was about 3600, and each combination of: 1:,¢;“
“‘printouts thereafter cost in the neighborhood of $35.. This represented some 350 datl T
entries. As time progressed, additional reports, s peclflcations and drawings were: s E T
-ddantified by number and periodically added to the tab run. Additionally, achedulﬂd‘4p“;t
and actual dates were added and provisions made for the Los Angeles Division L i
tranemittal letter number to be recorded opposite each line item of data. The fact .
wag recognized that the submittal of any data item, immediately opens the door for
a wyriad of questions which, when asked in writing by the customer must be answered

in*ﬁfiting by tho contractor. Such answers in writing usually raprasented additionni

= ch—,Au' 2

y '--."_.(’:', of— VJ: ;",':"" :‘g—l
’L ags" Sy 31 r—?‘F‘?’EZ






-

reference all correspondence generated by either the customer or the contractor re-
lated to any end item of data adjacent to that line item of data in the tab run thus
' providing a ready reference for not only the data requirement but all correspondence
<. rolated thereto. Each end item of data in the master tab was also coded to indicate
.7 when written approval of the WSPO contracting officer was required and/or granted.
. _Each line of data in the data status report was assigned a sequence number, & number-

" the assigned document number, a document title, a submittal schedule, a submltial
"date, and the contractor's letter number under which submittal was made. Beneath

. this line might appear 3 or 4 other references of correspondence from either the
customer or from the contractor and the code indicating the approval status of that
line item entry. The standard printouts which were used throughout the progranm for .

_ management purposes at North American were (1) the total list, (2) a printout list »:

¥ by office of prime responsibility of all scheduled data, and (3) a numerical index
of all specifications and reports. In addition, printouts were made of all open

. approval items by office of primary responsioility and a working list of data
scheduled for submittal within the next 60 days. Other combinations were issued as

mitted to the WSPO on a monthly basis, frequently the SPO desired a list of items
vwhich had not as yet been approved. Bscause of the approval status coding, by _
instruction to the machine, such a 1list was made readily available. Conversely, '
suppose North American Aviation Management desired a list of items which required
» Air Force approval,, but had not as yet been submitted, it was extremely simple to
7 ~oduce that information in a minimum of time. In the years which this system has
. veen used on the XB-70 contract, the volume of data and rslated correspondence has
. grown to approximately 17,000 entries. Recently, the machine instructions have been -
. taped and the printouts mads using a 1401 series machine. An interesting statistlc .
is the fact that the increases in volume of entries has been offset by the faster
printout speed of the 1401 machine, allowing machine costs to remain nearly the
. same as when the program was started. o

+

T, e. Throughout the development contract of the B~70, it was recognized that
~instances would arise when the contractor would submit somcthing to the Air Force
- for his suggestion and/or coordination even though such data was noi necessarily

included as part of the contract data requirements. It seemed important that a - 'é?‘lid

.record of such submittal together with an index of related correspondence be main- " .
» tained, s0 as & result, these items were also included in the data status report.

Force technical personnel was implemsnted., Such meetings were progressively -

' 8cheduled by subsystem, were held at either the contractor or subcontractor's plant a.?i*

«or &t the system project office ~ included a minimum of personnel, were accomplished -

- in one or_two days, were informal in nature, and were conducted no less rrequantlya:wr o

han every 90 days for each subsystem. At such mesting, preliminary drawing, - =
schematics, rough analyees, and concepts were discussed. Questions were ask

?Alaf required. As, an example, in addition to the total list, which was printed and Bub-

data even though it was contained in letter form. Thus it was found advaentageous to .

representing the office of prime responsibility (or group) at the contractor's plant,

. 3 f. .To alleviate communication prdblams a'pian for scheduled teéhnical meetings 1;"ﬁ
~* between the engineering personnel of the contractor and his subcontractors and Ay %o

- en
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. T

;f;nkanswared on the spot. Raoommendaticna and/or directions were obtained froﬁ Air

"~ Force technical personnel leading toward the ultimate formal approval of the - :

. ;" applicable subsystem or components therein, as required. The purpose of the deaignf
©.°* reviews was actually two fold: (1) The Air Force was always current in the design 'i.f
- technigues' being employed by the contractor, and secondly, the contents of & report =
z¢..or drawing to fulfill a specifioc datd requirement came as no surpriss to the SO .-
1on;" when 1t was submitted for approval. Thus the written correspondence problem was - - -
:*" ~.mAintained at a minimum. It is conceivable that had such conferences not been
. conducted, and the exchange of information had been by correspondencs only, tho.r“j
P current tab listing might contain nat 17,000, but 30,000 ontries,

Lt @2, CONCLUSIONS B . a2 b
» a. Today the B-70 SPQ has a status report that contains a reference for nearly
- ..*" every plece of paper submitted by the.contractor to the Air Force as well as from
' the Air Force to the contractor, and it is segregated by Contract Data Item Number. .
+ The Adr Force and the contractor use the same information to monitor contract data.- :.
The versatility of the status report is quite evident. The B-70 Data lManagement - -
' program conceived and implemented in 1958-59 is quite similar to the data management '
""", system currently being implemented by the Alir Force. The similarity is evidenced .
in three specific areas. . First, the appointment of a data manager within a system v
project office is a current requirement. However, since the inceptdon of the B=70 .
-+ program, there has been one key B-70 system project office person assigned reaponai— |
bility for complete coordination of B-70 data. Secondly, exhibits prepared by the "~ 7 :
R-70 SPO to define the contents of end items of data closely xesembles the documents -.-

- "',

rrently being implemented, which accomplish the same purpose. And third, the .- - -
.. waiver of all data requirements, except those set rorth by llne items in the contract -
" has become a standard of operation. e : . T

X b. ©Sinee the B-70 is a development program consisting of two experimental aircrart
with no follow-on operational requirement, and also due to program austerity, B-70 ..o

.. data requirements and the distribution thereof is very conservative. Essentially all’, ]

- B~70 data required by the Air Force is submitted in the format and content normally - |

3 used by NAA or by NAA subcontractors. Only selected items of data are submitted to - .
gt -the Air Force consistent with management needs. This procedure does not waive the .
"7t - contractor's responsibility for compliance with applicable design and testing re— - .i:
.- quiremente and for maintaining on file, readily available for submittal to the Air- .
. Force upon request the information from which all data required in applicable - .-
.- government documents has been prepared. The B-70 Data Program has kept the dollar %
““dnvestment in engineering data to a minimum. It has prevented the procurement of -
Jnnecessary data by restricting purchase to valid requirements as they generate.. It_
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%'~ VII. LOGISTICS

A, BACKGROUND

T Tl
I3

N Like the contract and manufacturing effort, the program director - o «
“recognized the requirement for the initiation of Logistics Support planning
_at the inception of the Weapon Sysicm Progr:.un. Tne Acronautical Systems Center
fsunport office was established in 1956 utilizinz ASC and Has AMC personnel who
worked directly with the WADC Development _.n'r:mccrlng per sonncl in establishing
‘the design criteria for training devices, Ground Sunport Equipment and the W.S.
Data, Sparcs and GSZ provisioning criteria. As the progran progressed, the ASC . |
Support Office was expanded to assuze more of the program management and pro- 7%~
... Vvisioning efforts with the ARDC per sonnsl doing less of the managcment and more -
;. --of the engineering effort. In 1961 the Egs A¥C personnel atta.ched to this SPO - .~
were SAAMA who established a liason within the SPO initially on = ccordination . -
end planning basis. In 1962, the Prosram Direcior recognized that under an
. 8usiere program the AF as well as the contractor could not afford a duplication
. of personncl .assigned the support office for accomnlishing cssentially the
same planning effort. He, therefore,_ ad:.‘.".nistrativ-:..v established a single
-administration for support office under the San Antoiio Logistics Support :
cHanager utilizing both San Antonio and .’._u SPC persoancl to carry out the g
KB—?O Support function. This consolidation of cifort and personnel resulted _
. in_some roduction in personnel/discontinuvance of duplicate-efforts and a = " -
closely integrated and rapidly responsive organization to the several program
' re-directions. A single set of operational proccdurcs were established as
~well as consolidated planning and reporiing sysiems sucn that facilities, :
. Ground Support Eguipment, GFAZ and Sparcs were prosrasmed and adzinistered as
" & unit. An outstanding exasple of the benefits that resulted from this .. - i
. approach was the planned-provisioning of Ground Support Zguipment and Manu-
facturing Aids which could be used during the mznufacturing effort and - (e
2 transferred with the air vehicle in susport of the flight test program.. ..
- ~Furiher, maxdmun utilization was accempbliched ol excsting Govemment—Furmshod
i Properuy throughout the program. » Of particular noie was the ability of the ~
. “Joint ASD/A FIL Office to anticipate meaufacturing difficulties and resultant =~
‘S * progrem realisnments in the provisioniaz of spares rcquirements such that i - .
'~ . Spares were not overyrons;.oned, confiruration changes were :mu.hcupaued and, _.-% % g
" énzine support requ:.reman»s vere kept in consonance with the air venicle pro-_ = 77
Fram. -The latter was extremely difficulil since the engine contract with :
LGenerdl Electric was independent of the primo contract and yet was dependent
Apon - price pontract program progress. Froof of this cambined program manage- :
nent effort is illustrated by the'fact that abi the time of the 3rd air vehicle ke :
rt.erm.natlon, the closely monitored lead time from need date precurement.of - .
;engine- spa.res resulted in a very small quantity of escess spares and such '-
_thess yas onlty in the economical buy category.' Consequently, with the cancel-
A/V #3, additional spares procurement- were virtually nil during the
3%&.1' of flying because the delivared engines plu.. the austara sparea 3
wera adequata for tha 2 A/Y prog:'am. e :
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o l. It is quita endenu that (a.) the exce}lmt support provided "

tha.s complex Research and Development Program couid be projected into the':-' - -~ -
*timely transferrence of the Veapon System support from the -development to ‘ e
: -Ahe Acguisition phase of the program-with no disruption or providdoning . . _=fu . lrws
' " delay 'and (b) that there is no necesszty for .‘.ndep\.rdcm. ASD/AFLC dunllcata 5 s

. organizations within a Weapon System if the joint objectives of the AFLG/AFSG'
organizations can be accomplished by a single ofi‘.;.ce responsa.ble to tne .v’eapon e
_Syste:n Direc‘bor o AL i SR T : S ,»p’.f—

! ' LA 'V“' _‘_‘_

- = . i "

- 2 From tha incept.lon of a ..ea.pon Sysvem Program, 1ogi:.uics ﬁmct.i.on:s
‘and reaponsib:.l:.tles should be established at a Deputy Director level within - ::
“thie SPO. ' This is essential to insurc that maintenance, supply, transnomtlon, :
LR “_'c»ech hanual requirements and irq:lica.t* ons recejve proper consideration during . o
G L early desig,n, development. test and production phases of the program. In ‘view - ‘ﬂ{
o= - of the ultimate role of AFLC to proviio tae veapon Logistics operation, the . "~
-7:« o Deputy Director for Logistics organization of the SPO should be staffed by s
.7 AFLC porsonnel, fram the very beginninz. This organization should not be a “"=.
"dotted line' erganization on the SPO crranigzaticnal chart. They should be .
y considered and treated as fullfledged xey manmbers of the team. The Deputy ™
s S~ Dipector for Logistiés should have cca‘»ol and authority in his field and
.o oShould not be acting in a liason capzcity. e should have the ability and the e
 authority to speak i’or AFLC and answor to the Systen Progran Director. If he : r‘a_‘-'
‘and the Sysiem Prosram Director do noi #-roe on & ‘major area, then this cer- bt
taa.nly is a quostion to be resolved au .o Commind-to-Command level since .
each Comnand has its rules, regulationu aind. operating procedures which obvi- ..
~ously created the impasse. This Deputy-for Losistizs o*ganizat:.m should be -
-gugmented as required by AFSC personnel whencva: thcre is newly developed,
. complex GFAE for which AFLC has no. exucrience znd 2iso to fulfill peculiar o
'AGE requirements. As each item 'of AGEZ configuration becomes firm for Weapon
System usa, AFLC should assume responsibilit;- to comjlete all remaining .
dogistics tasks. The SPQO Depubty Director for Lo.istics would operate under,
—J'che wcurrent austere ASD provisioning exiaidits. as cugincering desipgn and
.development progress and subsystem configurations zre approved to meet the
SCR, the logistics responsibility for these subsystoms wou]_.d be transferred
to the particular Di/AMA through the SS8¥ Yo estaolich the necessary records
’)'reqm.rpd for Air Force operation. "This transier should be on a progressive
¢ basis and not necessa.r:.ly assocutcd with an event such as category testlng
~ The subsystem configurations not meeting S0 requiruients would be listed in .
whe AFSC/AFIC  Transfer Agreement and the logistics responsibilities would be
reta.:.ned in the SPO until the configuration was app oved and acceptable to the
perating Command. This would camplet>:the SPO logistics operatian and the
...SI*I/INS ‘would have all necessary d.a.t.a to fulfill the AFLC logistics respon-
7 sibility to the operating command.” Since AFLC is primarily in the logistics
Ticld;"then it secms that the bulk of the logistics talent should be in AFLC
R&D talent in AFSCe If AFLC isto 1nher1t the responsibility for.
3 supporb of a weapon sys’c.e.m, z'.hc“ it mokes sense Lo have 'AFLC in the .-
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‘,Auﬂauon system, and Ik for the Bii system.

J'f*'ciilcatlon devblopn ont; seleetion. of

1905,
f1ight by January 1952 and first onesatiqnaj wing (65 4/V) by Scptember -

whe

The B~7O RED p“obran was Jn_tlatcd in 1955 hj study contracts

Sto Nowil: American Aviation and Boe 2103 Adrplane Lampﬁnf for design of the .
in 1957, General Lloctrlc-j“ﬂ

vwou.avarded a.contract for the engine ‘develonpment. - In Decomber 1957,

Ay wag selected to bepgin, Phase: I weoszon system developments - This

- offort included development cnglncar;“" and test.ag, performance -

" fajor subcentractors and a

mockup inspecblon in Larch 1959{- fhc 151txh~ proaram cal]cd for flrut

In: Januﬂry 1958 the Air Worcs ag Lsratpq tﬁh prograii WLth flrsbj
In Cctober 1958, the fir ‘Fotee revised this schedule with a -

streteh out aftor first flight ar¢ tho firut overaticnal wing (62 A/V) -

by September 1965. In October 1959, Air Force Ziain went to an austere

- program scarching for all the short culs, deletions of high cost simu- ;- - aal

lators, design simplifications, scf't toolmng, and discontinuance of T R

intensive honeycomb brazing and welding dovelopmant offort. Under this = <1 ¥

2% 7 v program, the. first operatiocnel wing was scheculed for December 1965 Wlth
e flr st flight still planned for January 1962. ‘

By Docember 1959, busic soluviens Lo snjer fechnical problems

24 been demonstrated end cnpinsering drawirgs wecs Leing wreparads
Davelopront was well aavaicced on o wrocxd frond ana conciderable develop—
ment hardware was in being. In Doooacoe 1959, th, 5-70 program was
rcairected to a singlo air vehielo dn* & Ndndiaa 22lcre alrworthincss
test procram (first flight in Dec.e Bor 1902) vedo. the total personnel
utllization from approximatcly EC;O“U TG /,b(u‘ i 1M B&l System
e¢lfort was transforred to an Air Frarce contreclt wnd continued &bt reduced
raio, ﬂefcn;LVc'sub“ stems anu M&TG subsy 3.awxus:;racts were teradinated
A ‘and subcontracted cirframe work av leaing, Lo Lw oa and Chance-Vought
. was withdramm. GOn g;ptcmber 19, 1960, caatrector was advisced to

' -procecd with the cesign, developmar Ly faﬁ_;C‘ﬁ+Og ond test of one XB-70
prevotype and 11 ¥YB-70 airceraefi, ¢r"70”*'* dxvelo: pient of ali the major
corolens nocded for an oporational flach 3 beaire  The provlem of re—
cozburing the suosys
Thy buildup of riapower under thiz program reaciicd 31,000 people in iarch
1961, and was scheduled to reach o i ol £5,C00.

B
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, a5 2 result of the Presidert®s Luizoel nsssege on 30 Harch 1961,
the program was again redivected to w grototype developuent. In April
1481 a three prototype aireraft pregra wos csproved {(vhe SPO had
cconinanded only 2 airplanes). The thind alrnl“n: /s Lo have a B&N

stem and subsystem develcuacnt suificient only for LLLbht test purposcs.

/] s

tem contracuo_u ab reavcnobii priccs became ul;flcult..
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- andl Feb=Jduno ]962), the 3 aircrelt prosran remsiled stable until Lhrch

F. & ninimun of seven major cher;fohw distinguished by formal e Stubllahnvnt

LLnpower was oilce more reduccd ot a nov apstere look was baken to

keep costs s low as possiblu. Tils incluced furiher simplilications:
of design, toolinz and a modzl :.aup apsroach Lo fubrication techniques,
sysium developnonis, ete. In casly lyo_, , the Conmand ~r, AFSC, directed
a ccncentrated analycsis of thz wmuinagemant crranpoments. and preocedures
to vest mect the sracific requiroments of ihe ~70 program. As a

result of this anciysis, the wonugemont of the program became nore dike -

of a weepon system. Cther thon anumercias sciieduling and pr:n.clng oxercises .
asd 5 months of concentrated siwiies of an DS=70 configuration (Nov 1961 =

1954, at which time the: ;,3 aircraflt with millta.ry subsystoems was ter
nated. i

< From the time the B-70 coniract was ewarded to NAA in December “ % -if °° |

1957, Lh\, program has been subijected Lo clsost continuocus exercising |-
and threatened or actual chemes.  During this period, there have bcen

of new schedules and programn <uefi n}.b...bu..., 110 other planning and RN
:ECllGQLLlI’I” cxerclses were carpiac -out by tuc contractor in the parlod
1960 through 1965, and Pragram pm.m n¥ ciercises werc conducted byt
the contractor under the one - JsiB irogram. From January 1961 to
Aprid 1961, the contractor s-.f:»::.f_iw:-l_": prozram pians for the 3 air-
" plane program whicli evolved ¢ o 38 ¢iffarert cchedules and 12 total
i.ov plans.  In addition to th ~cuponuiialiities within the Adr Forcee,

the gccomplishrent of such-wl »r o oo, eny lavolvsd contractor manage<
mént and specielist perscomel .. “r;i;h‘rﬂ'7g manufacturing, financial *

saded

and material departincnbs pivc ..0y HRBLOecuiag mocle from these and - ,;

cther greups.

T 1941, the contractor: u"u."wg', Liooo oA goructure, based on oa
functional concs Pl came uwnder ucraticy on L AF and DOD tecause of the
success o4 project crianted orpanius t" CoeoAn Lie missile progrein where
gdck reaction and technicel sciteverzo. wora tile major objoctives.
n Octobar 1961, after man:f discusaicns, the cont.v'a.ctor establl'“hed ‘the -
E-70 Division as an a.utonomm., aroup. - . ;

In July of 1962, it '::‘:c.',\:n:; evidanl vo the SPO that a significant
first fiight schedule s5lip co ';(; D2 -0 JJuuGC; duc to the funding ceiling
of BL7iM for FY42 and the tobul progren g;i.];Lng of Ul.33. On 20

- Kovesber 1962, tha .‘qur.,.ca;-;,; ol the 2 m:c,u was advised that the first
flight date would slip due to xomafe ol Mo‘ enis an ‘Lndl.ng limdita-

+

tions. Iy Jmunrv 1963, tha varex~funuine had roa c.}"cc Liie point where o

At was necons7 to curtadl effors on the &and £3 Jt/‘.!"*“, in proference -
. to the #i /V Lc.a,pmﬂ the subcontracters viTy nedr vheir reguired -7 .70

f'li’ld'f‘r" I‘ilt(.., L.-.ﬂ(.( u-.._,CI‘-» uu\j Un’;u_ J.KAIMA:;JP
Division of NAd where iu was {:1% that botter cornirol could be maintained.

Ay 2 result a nunber of key 134 nﬂrsumml were roassigned to other
divisions. Included were mary cngincers, particularly aerodynamicists +
and struuturt.l engineers. On 22 February 1663, $35.84 additional was -

* . T G

el

that of a cpecialized project wabher than the full m.:m.gcmc.nt requircnuntsr s

impact within Lhe Los Angeles - & BEE Y
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€ rglo;Uud rainsy the ¥Y 1963 fuaii:- and worl was zzain resumed on the e
22 and 73 h/Vu on & seludrle Ll Lould prov;cc the preatest overall i BT
proZiram economyy; however, the rec:iure of the released engincers was i E;
ery small, Exporicnce with moonfoturing pergonrel was not as bad el h
veczuce most of tiem had been reuaancd cit other cfforts. N e R
b, e
45 bhe megnitude of the schedule slippare increascd, the re— o At .
sults of the austere prozram bucws: more ovident. Combined with the 7 = .. < kest
short cut assembly methods hope.uiliy crployed to minimizc shop flow it
tinie, the results of the curteil ot of conucntrated honaycomd siruc— s ) ;
tural systoem developuent and fucl . ad nitrosen seaxling Lecams over T BT O
;. powe:’ ag and the procedures becinz one of u«b-nndvtry duc to the lack "
of recources. In carly Moy 1963, (.ndral ﬁul:apple chaired an Alr
Seulf, on zite review of the XB-' O nrocim which was presented to .

Fre Zuckert on M7 May. Again, 't ras recomiized that problems still
cxisted in fabrication, soluticas wuere somswhct hampered duc to lack
“of resources rLQULLlnn from the paoovious propgram instoebility, but that
it was suill comsidered feasible and desirebls to continue with the
prog SPam, recogmizin; the schedule :1ip end increaszed coste At this

, time, the oir vehicle contract wias cenverited irem CPFF to CPIF in
keeping with direction from Hq LOLS, This cenll zu conzidered-a
rc=financing of the program and ro.uited in continual rcassessmont of

the program progress and coste : -

iyl ~ The first air wvchicle was rolled cat for public view on 11 Hay
.ﬁﬁ C - X%8h. For a period of about 5 weeks Q‘“J“: tas preflight checkout, the
: civplane occame, for all intents and puipeses. & hydroulic system v
mzelk up and simulator Lo solve the yrolews That ao.oloncd with the : @
hydraulic system., Mosu o)X Uhas. soo wome could nave boen resolved on .
tac hydraulic simulator but bscause of prorali-ausicrity one had not ‘ TR 5
baen provideds bYhat had bLeca previcusly forecast as 30 Jays for pre-= - s
« flipght operciions curetehnd inle ehout by ronths. Must of this time 77 7 in
wau consumad in correciing prollems in the bydranlic system, fuel tank - - g3 W
scaling, and a myriad of mwinor repavrs to tie alr vohicle. : Cow f R -

i e e e

First fiisht occurred on 1 ﬁepfb\uh: wid by 24 October 1964,

four flizhts tovdling 5 hours 9rd 2 *v.alsd iud b,L“ accorslished and .
ek l.wu had bscr reachca. C‘ caidt 12 1554 the first airplane -

WS rnLurxuq Lo Palmdale to cc..* Bl wtid bosting o assure
stractural integrity for Mach ﬁ.O flight. The fivsi cir venlcle
revurned Lo fllgnu swdtus in rutl.h bz .;l- rue cccumulated more .
vhan 20 nours of ilight test 2o Tha ool WB=%0 polled out on : e
29 May 1965 and flew on 17 Ju_y cew st conh nek wnd- 40,000 feet. Com e
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Theoe have becn three major B-70

redirecticns; weopon system to vns peotobype in 1959, onc urototypg to
limited weapon gystem in 1960, and pack to prototyne dovolODmnnL in 2
1980, A redirection f{rom a waapon syston nrosram to a prototype develop
rent asids {rom Lho economic dmpacy on tng contractors involvad, results o

in substantial costs to tne Air

ol

an be

JFovege  ihzoc costs determined to
ulfro -t dinvolves subcontracts for work ro=
loted solely vo a weapon system; hiuever, in the ense of tho basic Adr
Veide gy AL forces sorn rodesigsi, chanzes in LLOJiD”, reallocation of
manpower, etc, all of which conso money; the cocet awount is not capabloe .
of calculation since there is tht”AiOQS contracuver activity in these
ercas regardless ol the kind of progscam.  Jacther uwidesirable byproduct
of rcdirection is the effort reguiscd by 70 nersonnsl in roprogramaing,
contract changes and so forth. 4lis effcet is over and above the normal
work of the SPO and mew s that time uaunlly spent in performing the
prescribed management octions must insteezd bs devoted to getting the
reoriented progran functioning satisfactorily. 2

o deplroo waero the teeminated

Program rcdirecbion.iom cing to “in: is apparontly inevitables .

wvhatever measures that are availi...ic bhOqu ba talken to lessen ths impact

both on the Air Force and the coniriactor. The SPO should be provided
more complete dircciicn and chould o2 sivin a now approved prograx

3 e1
e

cizraple, vhe three XB program

CAaL
DOGSADLE . |

T wﬂ'rﬁ*{—?@?ﬂﬁj&ﬁ{?ﬂiﬁ”ﬁmﬂ“

soon after recoricanction as For
did not roccive avproval unbll.#ﬁ

was ended (Lrom liccch 1951 to .4l
aad the program direcilve itsel.
The two air wehicle exporimenta’
Gireciive reflecting inis decision
May 196L.

menuhe
.
sanlll
Was ADG  un

UPOSPLE el

,{I

Ll

..,i\-.c

Ler the weapon system offort -
hen the PSPP wos amdﬂovod)
tra until Ocbober 1961.
 Loected in March 1964, the

wad nos rocoived in the SPO until

In efiect, program . ; AR ot “cuuirc the expenditurs of .- -,
funds for which therc is ro na.- ... return oxcept-Lor accauplishing
the redirection ivsclil and rowi” . in @ period of ineff1c1ent operation
by the Adr Force end the contriciuvr
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3
e 2. AUSVORITY. Tha profru »

liritations dictated the uLe of v

in achieving program objactives.
elimination of expeizive sinulat. v,
discenvinumnce of most mznulactu. ins
ghriciural test p“ogm:a. ihe in act

- d¢¢¢urcnt times and to varyiaz deogiao

fasrication of air vehicle ;1 wao au

USL
[T

]
~

; Laoiirea; tha soft -tooling pener: U auny p.ubisms such as wing-to—

- T ﬂllugo micmabeh and the roquiseant to jack panoels into, psuition . - R
causing seiz panel voids wiich ir wviasa regilvec repoirs. It toolk o
ncarly two years to seal fugclage toi: ;3 in alr vehicle /1. This

j7L8%e]
and tanl shﬁ'lng technicues, «n oxir .
could have been avoided to a laipz ex

SpEATA Y
Jiwn s

Hydraulié siinulators

2 - manifosted from oir vehicle

st ooonsiic
o -l

the result of using the aircrast itsel:s to doevelop fabrication
manufacturing development earlier in tho progran.

FL orolli-out wntil

X
caircetions wiich had funding
practices possible

A1 tainits done were
vhe use of solt tooling, the
dovelonment, end a minimol
of Lhzse acbions were felt at
Ths cxbonded poriod for

in greal part Lo austerity

o

iy exierwiive methed which g
esyr v, e
tent Jad there been adequate o e

effoct was

elininated. Thz : i
L ot ek

well into the f1i

. tcst program. It was one of the aritwary rcosons for the very 1ong Home R
#: iuc;ll"ht period ard caused difficuliy oa ihe {irst flight. The gear e o
‘¢ would not reiract and remcined dom Jor the cntire [light. If the TS 4
o . reverse hod hapnanced, i.e., the roor retrectsad tul would not extend,
* 5 the rosult very iikely would have boun lOSﬁ ci the zircrelt. The .
247 locsom from these exemples is cle .oj the noney suved by eliminsling
e L gnoential develogancat is lost mor - Lj““O”’* Jater ca through ths
, necessity to solve tho sane probi s che b osic sevelezrent was in- ‘
a, e tendod to solve. It is intoresii .} o note t-iib ihc.cnmine develop- .
w AR ment was not subjected to bhe s degsce oF aicrt culLiing as the air +
' vchicles and bhe engines aowve uvroted bobe very reliuble arnd have f;h
! demonstrated execllent B¢ TR0 o T In oubeei.or, MSTONC HCAsSWIes, o
7o = unless very carvefully ansaiod, witl rotcave Sz oo soney, on the
. o eonbrary, if the objectives remads Lie sogs, Lii ne® rasults on Py
o © - 'advancad programs such as the dev--{zc 1nc:uhu1d ccsts and program
- .sbrctch—ouu. i : kS
5, 4 A
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L4
{fﬁ e DuETIeN P R T.  Ter Be70 progrem has boed
o’ the objoes ol conbinuous attenid cotoon s levels within the DOD as

vill ag tho Cenpress. This attza %vae fesildted in recuosis for

voluninous ctudies oo well as wi-pomun stobus reporting on a more
zquent and deteliled basis thin rovmally rouulrcede Bach of tho

sludics was conducted in conjunc Sor witi i Leg Soevles Division of ,

liA end in some cases directly o . rrucpats manazerment. To obtain .

L dnformation necessary for de .t wns, o deas penctration into the
coniractorfs personacl was requaired. sy ol thuss exercises were
cenductod wanrr ticht scheduleg o dwing «ruomsive wockend and night
eiforts on the pari of salaried oo oy, ool govermacnt and
careractors  Adthouzh much of this i wihiiiowl Jireeit charge to the
prosran, it exoccied a t0ll upon the ceaerduablions. Ib ds impossible
Lo plogs a price tag en the tobnl cost-; T .t i ig certain that this

; cost can be measured in huwndreds of thourshu of dolliars. Calcuwlable

eyt cozts incurred as a result of 2 1 ajer redir.otlions, (the cne XB

g vrogram and the three ZB program) M= llezbe o eost of épproximabely

G100M. Th2 esiimated cost ineur.ca 1a $he v/ Moaing exercise

alone wag $5Y8,903.00. ThHis doe 260 Peprsait the true sanmibude

of the cffort since a larce zriow .t o wncorensated overtinc hours

4

vere cxapended by supervicory perscoon.l on the nart of both the adr
Force and tho contractor.

scted basis forced

Protr i 99oritess Yo inei™ 0 o0 vag &

e tha 820 to ploce percianel ca contun to L coatractor?s
foeility to personcld” ¢ rve saoad chtavis and molee dally
NEOZresE Toparbs . i TBalfee Hecll woa wes evaluated . and sent .
4 hirh h it . R T il s L mreie vy Py nll:
Lo MLONCT RCAGQLITLLL L G B W&l 7 v U0 3, see.sweednlD LOTC ITCQUCALLY
I sionld bo onpossdsol Sond Bhed § . n. Svees whss Jmoditted with ne -
. Ly 4 . S e : . o - i .
increage In SPO rosources. IO i .o neopl: hud besn porferming vhelr

neprimal functions it may be econguc i d fhoy more oritstantive monulac— s
vwring analyses covnd have boen coaaietod 1aih wl_at tave reduced
production time and costse. Progras e retulres some plven
. - nuwiber of people and scrae finite oua "for accomplishment. AN
If zdaitional rcoquiremsnts are inooe houol e recognized
as such and sufficicnt additioncl: manpewer suthoriued.
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: a. HMORTH AMERTCAW L7175 1C0Y. In the corly phases’of the
e L program, tho Naa a')proq..ch Lo wWen: Son Aysben mer zremont was to create a
. - B=70 Vpromram monager® with responc..bilicy for overell direction of
% whs tochnical devclopente His grotn asicd cpcentielly as o staffl
. e oocgenization to the oporating elomenis of the Los ‘ngeles Division.
g This was-in contradiction to at least vwo of the recognized functions |
of a managér, ie, to conttrol end to vircct. Th2 situaticn was one of
recponuibility without authority wiith o prodlcteble outcoma; thurc was
not surficlent caphasis placed on Ll -0 witain the Los Angele
Divisione. Although accepting the inporooncse of the ._-’-70 pr ﬁ“a.n, NAA
exeoutives were still loath to w:lw organisaticnzl changes and it re-

“quired 4ir Force intervention in an arca traditionally e company LT
'px erogative; internal organizaticn. AL ihe bonest of the Mr Forcey, ¥
‘ the Los inseles Division was reo:paniszd to.rivé th.-B-70 managor the « .

-necessary status abd authority.. Iz wnua r.*"re:i 1 Los Angeles Division |

vico ¥ esident, an autonomous B-70 livisien wpu creaved, and the

S progrem was able to procled on a :ounder ranamuicint bacise. System
devoloprenis are bucoming more cugd more cosily znd it hns oecore
evident that the orly acceptablc m:iiod ol wepenising for the cffort

*'is to establish a group for the pwpise and to chdew it with the power

‘and resources commensurate with the osk.

SR b. THH P=70 S¥D. Duein: the J..Lrs‘.. fow years the SPO (L SPO)
" s was in reolity ulmuc separate orplroisations. There were the ARUC
@ ...unagcrf'", wrth thedr Lﬁlt.l who was nedn:lly dhe £°C director, there
...+ wore the ARLC engincers viih theip cuiel, ..o tlere sere the A€ pecople
t..

B, v - with their chief. In J“b,.., ten AFLC ~nd AFSC wxré Iformed, one of.the
4 » " "three WheadsM wes absorb:d, ther. yemninéd nowevor the enfineers, who

oLC PUrpOses and their,

- 4rapated as an independent group for o1l inlent
- chief was t¢ be ¥rosponslive! Lo tan vneads of fhs fL‘PS{: Program Directors
_ This is the.situaticen woday, thory . T0 piefen & sajers supporied
® .« Y by RiD engineers who do ROt repdbrs. T L8 TwofTrii. wlirectors " This type
" of orgenization dees not.alvays lend Ltgelf vo &ficient operations )
- differcnces of opinion semstime:~hete te bel vesclved at levels whigh
' z.oulg not be concorned itk guch dekalles, Peseumen people, if that -
is whiot they reslly are sneld not ke a pmt of & SPC, but enginzor
vino perform analyces and svadics o Ly relatia to the program and it
on a recurring basis. i nould be an mtegral part cf the Program Directors - -i:
team, not mercly “responsive®. A finak observatien is-that the
ceganization of eacir LFO huoqld be ueilored te the roquiremgnts of the
vregram ab hand, not be reqmrea to crganice in iécordance wa.th
Bgtandard® which is eolailished by regulebion. ;
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3. PERT shoula  150. i.ow Lo shairt; later
appiications do not ”o¢llzu the I .o wenefiis o0 the sysiem and may
- in fact produce roporting not, sis illeantly wui.er than toelore at T

o more comprehensive picture of the ovepsll situction. s applied to s; :
the B~70 progran, howsver, PEHT ¢ ﬂd litile o iacre..ss 5PO knowledge :

of contractor zctivities or to pruvide b¢m;3£b7 shotus information.-

Trere were ceveral reasons for Uiz (1} ¥3RT -~cporiing was on a )
monbhly basiy, therefore no ‘lpr vt ko ovor the-old gysies in this™ « .0
‘recneet, (2) scheduled complotic i ciies for evinbs wore forecast H"}_
using oingle time estimates inséo:o of the throo normelly used with * ey
FIUT, in effect theny these Wovei. 7 were 1o diferent than the Toa
milestonns previowsly uscd, (3} “sowmae ol ousberity the contractor Py
wes unable to furnich 2l tho P250UTCES NocuLLery Lo JUDpoOrt a classi o
PLYT program, (4) tho 820 was ].:t.l(ajwls'e not ohle te provide the 4

el Lol A et

y vt
Be, ] Ihis monegen b contol gysten wns sturted on tho

O L e In lz,tc’ _106[)‘ PI‘._.LC v B Gaes 1‘,1,“‘-«_“ th: seatus of niliu.lohes L
o Yevents® was tracliied through a system ilerclty infonmnation on each o
milestone wos record:d cn punch cards, usdeted moatnly and the printout :
of thege data supplied to the SFO an a milesbtone report. There were . . o
wriarde of 1000 of these mileatcucs, and rhowm for coach ong were the |
scheduled date, a reschedule dotss i spolicaols, and the rosponsible o
coniracbor departmenc. 150 provided, 'es a sul LLEBPIt to the mile- iy

sbtorz report, wis a %Woriance ;ﬁuordlxuucn coi:brined dnalyscs of the
critical ereas of effourt as wall o ragsons for mil:sloae slips, ro-

schaduling actions, ctc.  These reports coupled with froduont trips
vo the centractor®s plunl enabled the SPO to maintain adoquate sur- 45’ i
veillance of the prosram. - " it T AN

[
-

) . _? i -4 . 1 ;
. The introduction of IREHT ia 1S40 wiz cimpeocted to inurove
the Alr Forcets ability to dctect indivient troudls arcas and to give o

&0y

manpovier Jor adequate network deciw, eneliysis, cte., which is a must -
if thc potentiald of a PEIY system is to be realinad, and (5) during the
latver stages of fabrication of iir Vehiecle [, £#) zoruonncl were
on convinuonus TOY at the contractoris plant enc wors eble to reoport
tir status of eritical arcus as wet:h oz 30 days in advence of the
ublication of the FE.uT renort LGHL”QﬂlLS the sume ihformation.

e,

H_;“ulj because of these factors, Ui wecision was made in mid 1964

to terminate further PERT Iuport¢J3. ! - o 4 o
Pollowing some threc -Luovs of the uro of TORT 25 a : L

management control system, bLhe Jo T.olln: consiuwoions were reachsd:

-

'

a much idgner cost. : :

b. The éontractor shevld {rain sersennel in how to
proparly use PERT belore it i pui'\nta marabiong the regulis derived
are only as good as the informati o iapnty. . ‘
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cvergions are liltle or no betilor Lhar conv
roporting. i i

houlca ik L i
> *1110@ one of the wL.tch_a of the "‘f tem io
“rarcas’ needing additionel rescurcesd, I th

bhe use of PERT was not economca.l to star
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, Yact thot gogt ACO'g hoave

- LCO and tue PCO were han

i
e 3o e e¥a
T 9
SOy SRR
2 LY rermy ™ > g A r et o i TR DAL SR i (ol MR o bl ol ¥ by F e Y o
A, S 0 SEAND LR as R RELATTOES

1o Baginmona

- n.—.---....--m...-

Throughout thn 1l=(0 “oosrmia, 41 relationships between the
=70 520 end ine Log Anzoles AFPLY hare
vhon whe relationgnins botween L)u"="‘
Suls pission i primerily %o el :
conjuntion with engineurins cnd :.-:.!.' o : wnd impleanent these
“omuirurﬂnts b reaas of 4 econtowdts Wi AlED sesnonsible rox ;

achuntation wnd monitordns v scisprlighmial of occn cOnLIracCis

scoiatod APYR0OYz, The
“renents in

e
-’J;’d (o il

TZ.‘“J ntn olweys been on atiitu.,e vhat once t48 coutrict laz oeon
tablichod, the AVER was reupornsible for its implomentabion and

USSCA'{;!&:L].:{' tho £20 ghould not be coazerned with the do

g This is “o’uz,\f.uly a from thoe day
e

2ils of hew
1% 35 dofics TACI prosrans
CPFP boois cond the furo

(’.‘

WOTro on & v A00 tres that of detoriining

ovorhead rates, prepering shori: o v rYe, conduoting prico a.aly:ug,' ‘

ronitoring fapilitvies, and coorcieil g thz U “'-'j"‘l“ of Cov*rr aent S
" Purnishod Property. This is prec jo~value airacts,

however, not on progrems of $hd v cowide of Jae J0-T70 which encomn¢sses
a potentizl Ul.53 expondisure. Loii.led zavoillenco of contractor
activities by the ACO amd oily sloozgis of the A00bd's organization ia
solutoly coseutials THe LFFR has slweys nointeined that he is not _
adcquetely stalsed Lo purloria thn de@;b ¢f surveilizneo vhich the Program
Dircvetor fcela he rog .5 s wsdeubledly “rus in view of the
= On the other

uares

2 G IO ey =
o '1"‘3.-;11;.51'.-.-v¢ LU e

o

v, Zat do t. lack of ou~site survoillance,
there wos a

hond, vhen 'the Progran
eueeblishea kis errinecwing and wamlechuiing reviaw toams

3
tendenoy bo doal dirccily wit‘rl "'.u.-. eonbrecHos wnich resulited in the AFFR's
-bu“g 81111 less informed of 4he ditwowicr £ot zizbus of the pr OgTuMe
This cyclie of events sends to ve.c.uaie Ivsilf wo the point that the
 ALO cna beeconp eonpleiely wncTi. . vnoe Tndg 2ol goordination and
unificd control of ihe comtzoci. ! . 2% vl Dooesnized firgt in the
tzvolopmont and gardnedring ams o s tuin s cusublished by AFSC in
an -

a2 1!’19\?1‘1""3' 0.-..:-.._(40

Septoubor 1962 to wrovice o on~site lJavile., . .f-or
e AN O.’.‘..‘;“,'l"l' out whe

3
guppors and work with the SPC dovcliuenint uvnlanéd

or -inecring effort, 4 compoyabls wxfort ge: ottonpyed by the JIR e
Productian rersemial; h\)..uvu..., s § ‘ slecee Dfu” again
“dus to the soosipned manvovur 1ia 4 reaction tine
resdved by tho S0, 31.{,“»-..0;0, E nl.ﬁcr:'ng o "r,scn ua.llj

...(‘.:,off.‘}ll snod. Sirkoliy Letuwetn Y dud Harile © Dvision the
controetor. Zan the Lu..wac‘b ara, CoRtIac el opo:‘a‘clon: betweon _.:hc
Cled stricitlr b e’ giusceribetd reopulation

procodures.
O SR BT -

e LATPRO Lo provided
ol tho magnltuae of

It iz absoluiely aurart. ol who
sulficicnt pcraonncl at tho ongel of ary Preicii. ©

not heoen V;‘nlJJCdWilY differont
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vhs @~T0 po thats tio AT

: . a contimous basiz at ovowy level of the onjis:iization.  Lritten

an weperly sunnort alsslon objoctives on

W aorecisnt chould bo reacned delining the wiopo “iitics end £ -
% & 2 = = = - 3. 5D i g ek sy = LD ) - ol /1
proccdures %0 Ve cwercizcd beiwoen whe Prosr..: Jirccuor wnd the AFPR

end o Limilor agecemant made bsiscna the corze moidling ortanizationa S

' ol cash should slso be eutwblisiizde Tuily cir wt Loo .3 wrekly discussions
S b2 held butirein S0 and LOFR poiacs .. w o aizeuss cwwrent plans and
r [ :

sobleirn. Obhouiwiee, the Adr Tbreo nay find .20l dn '+ nopition of

" - “ho coniractor ploring oo oyganizc..on &, 115~ e other, or eithor
o o contracter without the :

...uw.'n wa

o

T L e PRy e 4 3 Sman
satlon oy telke aniletoral wl il vl

sintso of 4he other. Dhowe his Jion conciferxeble secociing over a
uriod of yearc fur a golution o tais pralhcr, o conkploe hcing a
ropocal 4o esteblish tho Progory D.rectnr’s crjunization on—gito at the

e il contractor'a Tacility Jointly with sue il

=
e
l'J

ro o]

: if an AVPRO ig n“ﬂpcr“J at: Tfe L oad wdequite coexdinavion elroxrits
ere accomplished, no new organizatiovaal To:lignmants are reguired to
caryy out a progrom ob300t;,,° i ‘ '
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.+ B. CONTRACTING
1. GENERAL

P PO i In the carrying out of the contract function of the procurement
« /i organization from the design phase through the manufacturing and test
. 7 of XB=T0 air vehicles, a baslo chango in concept of procuroment occurred.
"7 The.initial Contracts AF33(600)-38669 and follow-on letter contract
~ AF33(600)42058, contemplated a design which would form the basis for the
. .- development of a complete operational weapons systems This in turm :
would be converted to firm procurement specifications for the acquisition
of the required operaticnal weapons system. Therefore, although the
‘initial contract was on a CPFF basis due to the design and development
.of the initial effort, it was contemplated that the resulting procure-
" ment specifications would be firm, demonstrative requirements and that .
:~ the associated flight test program would require specific demonstrative :
.. performance criteria. Subsequent to the initiation of letter Contract o e
. AF33(600)42058, re~-direction was received to limit the development to °
2 },a prototype efforts As a resuit, a firm contract, Ar33(600)42058 was
- “negotiated for the design and fabrlcatlon of three (3) XB-70 air vehicles.
At this time, the concept was changed from a requirement for the delivery
..of air vehicles in strict compliance with firm specifications to a best _‘f
fefforta approach under the philosophy of a research and development effort °
.7, only. The performance specifications were changed from requirements to
objectives. Notwithstanding the further amendment of the CPFF contract :
to a CPIF cost incentive sharing arrangement, the contractor was only Lt s
required to htteggt to build three (3) air vohicles on a best efforts !
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had to be made whether to amend the basic development Contract AF33(600)- T

. test contract. Based upon the factors and conditions existing at the ' 3 §
., time the decision was made to negotiate a separate flight test contract e e

basis., In : anticipation of a follow-on flight test program, a decision L ’ oo eBd

42058 to include the flight test effort or to negotiate a separate flight T E D

iuﬁ;  on a CPIF basis, containing not only cost, but also air vehicle . i ﬁ:'fo;
i _

Ly performance incentives. The basic philosophy of the contract was that L
s v,  the contractor in an R&D enviromment, would attempt on a best efforts . % 1h
basis to meet the general flight performance parameters. As a result, G T %
several contract administrative problems arose: o :

"a. The change procedurcs implemented under Contract AF33- '~ = s

- (600)42058 were materially different (due to the nature of the contract) !
. than that implemented under the flight test contract. For example, a }
" change common to all three (3) aircraft was handled differently between 4
: . the aircraft in the flight test inventory and those still in the process i
-7 of manufacture under the development contract and were of necessity {

" % handled by two separate contract instruments. In addition, some cases ) -t B
; ~were of necessity negotiated at a dilferent rate of fee. B O

, b. The air wvehicles were produced under a development . iy
.contract and became government property upon acceptance by the Air Force. e
They were then balled to the contractor to support the flight test .3
program, which left the Air Force responsible for possible contractor ’,
- ‘ : i
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non-accomplishment of flight test objectives, due to use of unsatis-
factory government property developed (by the contractor) on a best -
efforts basis. If repair or re-design of the government property is
required, it would be new work chargeable to flight test contract and
would necessitate a corresponding adjustment in target cost and fee.

2., CONCLUSIONS

a. From the above, several significant problems resulted from
a configuration standpoint. It was necessary under the best efforts
development concept to provide the contractor with the flexibility in
configuration control. Any non-concurrence with the contractor's de-
sign approach resulted in the requirement for re-~negotiation of the
target price and schedule which in turn presented some difficulty in
controlling program cost. A4lso, there was no assurance that the air-
craft delivered by the contractor for acceptance by the Air Force would,
in fact, be capable of meeting the objectives of the flight test pro-
gram which relieved the contractor of responsibility for flight capabi-
lity and transferred it to the Air Force upon acceptance of the air
vehicle. Since the program schedule dictated the necessity for
accepting air vehicles with items incomplete, it was necessary that
recovery schedules for the incomplete effort be negotiated in conjunc-
tion with the projected flight test contract. This further complicated
the contract negotiation of delays which occurred during the flight test
program as to the responsibility for program delay being chargeable to
the contractor under Contract AF33(600)42058, as being due to the
uncompleted work, or being chargeable to the Air Force under flight
test Contract AF33(657)-12395 as new work resulting from the flight
test effort.

b. It would appear that for a Regearch and Development
effort such as the XB-70, the design development and {light test
program should be procured by a single contract with specific cost
and performance incentive negotiated for the total design development
and flight test effort. The resultant developed air vehicles would
then not be an end in themselves but would bé the means utilized by
the contractor to demonstrate his flight test criteria, and provide
the contract data to substantiate the feasibility of his development
called for under the contract. This would have several specific
benefits:

(1) The contractor would have the responsibility
and flexibility necessary to carry out the program without continuous
contract amendments.

_ (2) He would have the responsibility to provide an
aircraft to meet the flight test objectives and if aircraft were not
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' :. '+ capable of doing so, the responsibility for redesign or modification .: et 4~4§5%'

€} of the air vehicles to meet the program objectives procured without
. further charge to the government. ;

Coste ¥ . (3) The Air Force would not take title to the air
7ff-1u" vehicles until satisfactory campletion of the flight test contract
ok T or nloae out of the contract dun to unsatiaf;otory performanoo.
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' @ %e COST CONTROL

g  a. BAGKGROUND

- When the B-70 Program was redirected from a Weapon System
with NAA as Manager to a three Air Vehicle Prototype Program, it was .
done on an austere funding basis and although fund control had been 5o e
“assiduously practiced during the Weapon System Development phase, e e
., . 7 further increased emphasis was placed on cost control under the three
£ o . adr vehicle program. Since the Contractor had a best-effort development -
Y<. .-. contract, he felt that he should also have corresponding flexibility in
. /.. funds control. It was felt by the Air Force; however, based upon the
" prior program fund history, that strict control by the Air Force was
' absolutely essential. As a result, the contractor was incrementally
funded on a monthly basis with each succeeding month'!s funds require-
ment being requested by the contractor with written justification for -
such funds. This procedure was carried out from 1961 until mid 1965,
+ Just prior to delivery.of Air Vehicle Nr. 2. Notwithstanding the
-above, the contractor has currently overrun Contract AF33(600)A2058 by

7y approximately $19.7M. | _ [ e
' b. CONCLUSIONS ' Cag

Bk s The above experience proved that cost reporting in itself

» © o . ' is an inadequate management tool. The funding status reports developed
s and submitted by a contractor must also coniain corresponding develop=
ment, enginecering and flight test program progress against which expendi~
tures can be measured. For example, the contractor may underrun his
 dollar forecast due to two diametrically opposed reasons: R B

]

% ot o ¥
Jlr' ‘ (1) He is doing an excellent job and exercising '
. economical Program Management or .

releases, or manufacturing accomplishment and, as such, the indicated :
below-schedule expenditures trend will be reversed wmth a greater magni-

“*  tude later in the program. (i.e. prospective overrun). i ' e P

Several attempts were made over a period of years to ravise
the contractor!s cost reporting procedures aleng the lines indicated
even to the extont of combining the contractor's cost and manpower = Sy
roports with only marginal success. As a result, the B-70 SPO changed - ‘i,ﬂf
their procedure so that the funding report was reviewed with the =)
manufacturing division to correlaie the expenditure of funds against ' '
the contractor's manufacturing status. This resulted in a reasonably
accurate assessment of the contractor's financial status and provided
S a basis from which to make rcalistic program dollar requirements fore-
. casts. The basic lesson is that funds status roporting must include
associated engineering, manufacturing, flight test, and logistics status
50 that a SPO can make a meaningful analysis of the contractor's financial

position.
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III. MANUFACTURING i - ' 2 . ST - AR

'  A. AIR VEMICLE ACCEPTANCE

1. BACKCROUND T | e RN

The acceptance of XB—?O air Vch10¢ea was planncd on the basis

_ ; of a progressive buy-off in lieu of the standard CTCI approach since the 5 Iy fﬁl7fjf:
. “method of welded construction resulted in areas of the air vehicle becoming ‘ "f%'x‘b”.
. inaccessible during sub and final assembly. These areas could not be opcned ' ST

for final inspection without damage to the structural area. The Air Force
final inspection and buy-off of the closcd areas were made just prior to the
.« final opcration closing out the area. Acceptance authority was vested in the
“. AFPR Director of Quality Control. _ S,

Due to the air vchicle size, complexlty, and the large number .
cf Flnal and Pre-IFlight Operations, the Air Force progressive inspection was . -
made concurrently with the contractort!s manufacturing, pre-flight and quality - _-
_‘;cohtrol personnel. The task was accomplished specifically by the use of an )
=, intercom system integrated into the air vehicle intercom system. Conirol of
- «*the operations was maintained by a thrce (3) man board consisting of:- Con-

‘tractor's Final Ops or Pre~Flight Test Director, Contractor Quality Control
~~and The Chief of Air Force Quality Control. The test director indicated the
i .~ operation to be accomplished and whére the actions would take place. Quality
%?:{control observers for the Contractor and Air Force were located with their
-~ .respective contractor counterparts in the areas where the inspcction activities
... were to take place. The results were monitored asainst the air vehicle process
spcc;flcatlon requirements reported through the intcrcom to the threec man
board. If.the results were within tolerance or as prescribed in the process
#°7. specification, the item was accepted by the board. When a discrepancy- occurred
94 that could not be resolved on the spot, a squaws was written on the item and
" the operation continued. When the discroant ivem was of sufficient magnitude
to ‘endanger personnel or air vechicle lc"~v¢on, the test was stopped until
'~% the problem could be solved. To faciitate the solving of problems, engineering f
support from the contractor, Air Forcc Plant Renresentative-Development Engi- ; :
neering and SPO personnel was provided on around-the-clock basis. These e T
‘engineers also monitored the tests anc . :mlis via the same intercom system,
thus obtaining on the spot information .. providin-~ engineering decisions.
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A Final Acceptance and Lalcuy-nl-- 17t Ingpection for all

" accessible areas was conducted prior to lirut <t of each air vehicle by
the B-70 SPO Deficiency and Acceptance Heview Loid cstablished to review items
that did not comply with the contractual reguirencnis and for which a contractor/
Air Force agreement could be reached. Disposition of these items were made as
ufix before flight! or were entered in air venicle deficiency document to be
accomplished as a condition of acceptance. The recovery points for deferred
deficiencies were established for completion by a specific date or to bo accom-
plished prior to excceding an appropriate flight parcmetor prior to inflight £
uso, etce. This deficiency report was 1ncorporated into the DD 250 as part g
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of the acceptance conditions.

To track progress on completion of such deficiency items, the
contractor was required to provide a sclf deleting deficiency report every
7 thirty (30) days from the date of first flipght of the air vehicles Those
4 items accomplished and accepted by AFQC are lined out and the acceptance date
[ -placed in the "remarks" column. Any doviations granted by the Air Force on
2 recovery points or conditions are so noted in the report. The deficiency Ve Ay
© . ‘report will be published every thirty (30) days until all items are completed N
¢4  or doleted in accordance with the contract.
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LA 2. CONCLUSIONS

; The only practical mcthod of inspecting and accepting a complex
.0 . aircraft is onc of progressive checks and "buy-offs. This procedure was
%% mandatory on the XB-70 because of the iype of construction used, i.e., wolded
v ", . steel panels for the most part which rcsulted in areas of the airplane be-

“ .+ coming inaccessible as assembly prosressed. Whnile it was recognized early

“ “x in the program that this kind of accentanco procecdures would be necessary,

: " there was little realization of the benefits to be derived from such a system.
By participation in great detail, Air Force personnel became very lkmowledgeable
~of the aircraft and its systems, to an cxtent they could not have reached using
.any other acccptance method. The nature of a step by siep process assures a

greater degree of tonfidence in the end product than would a one time final
inspection and, acceptance which would very llkc;J be more cursory. It is also
likely that somo time was saved since ciscrepancics were uncovered when cor-

‘- rective action took the least amouni of time and effort. Finally, SPO

ak pérsonnel who took part gained an insight into the problems associated with

v . -building a large, high mach aireralt using new materials and processes, a

.+ - knowledge unique within the Aeronautical Systems Division.

R e T
2 a S

oy The success of a pro;ressive inspection and acceptance plan
=.' : requires close working relationships on the part of the Contractor and the
’ . Air Force personnel and a full understanding of their responsibilities.

' For Research and Development Prograns a progre5q1ve acceptance
procedure is the most logical approach to the acceptance of complex alrcraft.
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1. BACKGROUND o

From the inception of the B~70 Veapons System Program, it was &
racognizod that the Procurement and Production function should be .
integrated into the leapon Systom Devolopment at the earliest possible .

il " date to assure that the air vehicle ‘configuration developed during the
' dosign and development phase could be produced on a tlmely and economical
‘basis. As a result, the WSPO Production (manufacturing) office was
established in ea_ly 1958 to aassuro that the manufacturing effori
. assoclated with tho devolopment contracts was programmed, integrated . e
and supported with respect to tooling, Ground Support Egquipment and - A
GFAZ. Considering production, it was necescary to define the term in - T~5'“f
rolation to a research and development effort. From a semantic o R
o standpoint, the term production nced not necessarily be oquated directly
v . to tho rolated rate of menufacture of airplanos, but it is applioable to
-~ tho planning reoquired to support tho design offor: as well as to control
© tho manufacturing changes that occur with change in design. It was : % 6y
<%+ . generally conceded that the basic functions required to manufacture, and '
Syt deliver a single air vehicle aro as complex and esaentlal ag thoge
“~. . required for a follow-on production run. F 5

i

®

Bl o - Since the program was required to operate with minimum data on
' an extremely austere basis, only two specific manufacturing reports
were reguired under the contract. The first report being the contractor's
basic manufacituring plan for all three air welicles starting from
fabrication through sub- and final assembly to air venicle shop
. . completion., This document conszisited of tae master ausemoly plan and all
 the associated sub-assemblies loading up to final agsembly. The second
documont was tha contractor's fecility plan. These reports wore revised o
“ only at the time of m2jor progrom realignments. Specific manufacturing A
roporting was accomplished on a direct person—io-pergon basis with the
" contractor's personnel utilizing the coniracturis internal schedules and
management documcnts to carry out thne master plan, Initially, menufacturing
reviews were conducted on a monthly basis at which time contraotor
nanufacturing personnel met with SPFJO Production personnel and reviewed
all aspects of tho fabrication, aszsembly, tooling and government proporty -
status at that time. Thls was combined intc a nonthly status report
published for the System Program Director (SPD), These monthly reports
oxtended from late 1950 through delivory of the second air vehiclo,
July 1965, and form an excellent aistory of tho XB-70 manufacturing probloms.
As the program progrossed, the manufacturin; situation became more critical .-
and a manufacturing status report was presented to the Program Director
i on a weekly basig. This information was obtained directly from the
coniractor's personnel and to some extent, was validated by on-site reviow
by the AFPRO Production personnel. As the requirement for program
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(i) ‘roporting incrcased, tho SPO instituted what became known as the
inchstone procedure, To gupport this procedure, SPO manufaciuring
production personnel were rotaitad to the contractor's facility every
two weoks on a bi-monthly basis and roported directly from the
nanufacturing floor to the Procduction Division of the B~70 SPO which,
in turn, reducod the data and prosented a daily etatus briefing to the iy 2
SPD. This reporting procdédurs was possiblo only because of the excellent . ' =~ ‘i

RS S
.

7nf cooperation of the contractor who recognized that an accurate and timely 7‘;§ 4
o g status roport by the Air Torce was as much bonefit to him as it was the #53
et Air Force in reaching timely program decisions.

2. CONCLUSIONS 7

Bocause of the intimatec knowledge oftho contractor's “u gl e
e . manufacturing problems and proccdures, the SPD was provided with an b T
& B aocurate and up—-to-date status report as 10 manufacturing difficulties w;qg,, ?
e encountered and appropriate recovery times, ihe impact on the funding b

A situation, and an exiremely accurato indication of the contractor's

Mo il ability to moet his projected manufacturing schodule dates. For future
' ‘ programs, strong manufacturing organizations .staffod by reliable _ . B
production and industrial specialists’ should ba intograted into the =
Syostem Program concurrentiy with tho dengn and dovelopmont effort %o

_ : agsure that these personnel understand the design concopt, the complexity,
¥ the necessary support required <o produce hardware, and that PERT type
<+ noetworks must be egiablished for initial planning and to forecast prograsse
"t~ . . . Such initial planning should be fcllowed durlng the manufacturing

' Cjﬁ process cycle by actual, on~the-spoi reporting. It is felt that this
oporation will materizlly assist asy Program Director in determing the
actual results to be expociod from the doaign effort for a given dollar
budget and will provide him wita timely decision p01nts in the event of
program re-direction.
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{.) "C. MATERIALS AND PROGESSES

Pl 1. BACKGROUND'

When the XB-70 configuration was defined, the materials available -
did not have suitable characteristicso. Through compariaon studies and ,,E;
.. ... structural development tests, the materials and types of structure were . f
% i selected to meet the specific parameters of heat, strength, and rigidity + ©
' of the structure involved. Through a research and development program, » g : :
 basic stress allowables, quality criteria, and repair criteria were S Y
" established. Target properties were established for one heat treatable Wi E
stainless steel, one titanium alloy and one high strength steel.
'+~ . Preliminary work progressed on materials designated as "1958 PH steel,"
.7 .- 1958 titanium" and "1958 High Strength Steel.™ Alloying and processing
. developments lead to the selection of the PH15-MO stainless steel,
4AL-3MO~1V and 6AL-4V titanium nickel based alloy of H~ll steel, Rene 41
.- and Inconel 718 as the materials to be used. Generally speaking, none i B
" of these materials were available from the mills in the shape, sheet ZI
N thickness and tolerance required,

: The XB-70 contains a total of 12,000 pounds of heat treated
titanium. When titanium was first used, an unexpected amount of spring-
back occurred during forming. This made it impossible to hold dimensional

.. tolerances and required many hours of hand forming. A totally new

* -+ metallurgical qoncept was developed which permitted the forming and hot
-8izing of titanium. The XB-70 program also required that the knowledge
of titanium technology be expanded to cope with titanium alloys heat
treated to high tensile strength levels of 160,000 to 180,000 PSI. More

~.than 700 complex shapes were fashioned from 350 basic extrusions of
titanium and high temperature, high strength steel. This also required
that new techniques and dle lubricants be developed.

In the interest of saving weight, fabrication and quality control
personnel, recognizing the difficulties confronting them, requested :
-technical assistance from the metal producing and processing industry
to provide more optimum material thigkpesges and shapes in previously
unheard of tolerances. Until then, fooz“jwas considered thg nest .
hicknesses down to {DO79" with .o~

“J.
e W

.. produceable sheet. The XB=70 required
.o . a gauge variation of less than 25 millionths,

New techniques for sculpturing the face sheet were investigated, - -
'and as a result, chemical milling of titanium, corrosion resistant steel, o
“ .+ and cobalt and nickel based alloys were developed to tolerances of five
207 ten thousandths of an inch. However, prior to accomplishment of such
techniques, it was necessary to form the face sheet by machining which

.+ ¢4+ caused mechanical problems as well as warping. The initial panel face

L sheets were made up of many small parts welded together or brazed

H together. Various densities of honeycomb core were used so that the .
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minimum material for strength requirements could be used. The problems

resulting from this approach were reflected in the difficulties encountered.1

as the air vehicle assembly proceeded.

The problems encountered in fabricating satisfactory panels to
accomplish preliminary and final assemblies were many. For example,

“where the face sheet was not required to be smooth on the outside for

aerodynamic reasons, the forming was done after brazing by chemical
milling. The core problem was thus reduced to assuring that it was flat

- and matched the smooth surfaces of the face sheet. The process that

solved this problem is known as Anocut which is a reverse plating

< process using a rotating electrode while flushing the core surface with

the electrolytic solution. The deplated metal is washed away as a sludge.
by .the electrolytical solution and a flat burr free cut results. All o
previous methods of sanding, milling, etc., used in the laboratory
developmant of honeycomb failed when production techniques were used.
Another example is the case where an exact mirror image of the mating
surfaces of the face sheet must be reproduced on the core's surface. This
mirror image was created by Elox machining, the controlled electrical

spark erosion of metal. In this process, the electrical charges were
sparked at high frequencies across a gap between the electrode and the

“ work piece and required no rotating motion between the electrode and the

work piece. The Elox process was subsequently adapted to cut holes of ",

. various sizes and shapes through honeycomb panels by forming the electrode
]

as a "cookle ¢
angle.

tter" and letting it move stralght through or any desired

Unicell honeycomb core was developed to replace the 1/8" cell size

. core used where greater core density was required for strength. The 1/8"

cell size core was costly to manufacture and join with other core. Unicell

“honeycomb core 1s made by welding together alternate preformed and straight
. ribbons. The straight ribbon elements can be varied in thickness to provide

the strength required for any specific application.

H-11 steel, a high strength material capable of being heat :
treated to the tensile strength range of 300,000 PSI had wide application
in fuselage, wing box areas, landing gear and wing fold actuators.
Previous use of H-11 steel had been primarily as a die material. Thus,
its use in critical structure application was completely new. When first
used, the H-1ll cracked during heat treating as a result of vibration which
requiring the development of forging configuration, surface finish heat
treated processes and vacuum melting of the raw material to improve its
ductility. Development of forging techniques enabled the production of
the largest H~1ll forging ever made weighing 13,000 pounds from which the
landing gear bogie beams were made. The processing of H-1l steel is
extremely critical, which may be iilustrated by the requirement for
drilling holes in some of the H-1ll longerons and fittings In the aft

" body and wing stub area. Unless a stringent process contrbl is used with
, regard to the type of drill bit, rotational speed, feed speed, and the
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* CZJ;L number of “times a drill bit can be usod without sharpening thé amount or i
*  depth of untempered martensite around the drilled hole becomes excessive.
* Excessive untempered martensite around a hole in H-ll steel seriously
affects the structural properties of the part. Untempered martensite is
«' always present to some degree any time H-1l1 steel is machined unless
. - @xtreme care is taken to assure that the machining temperature is kept low.

" The development of manufacturing processes is markedly demonstrated
i in the area of fuel tank sealing because of the XB-70 design requirement
st for a Mzero" fuel leakage.rate. As a result new leak detection methods
“ . % were required so that the air vehicle structure could be checked to
determine that the tanks were leak free.

L
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A The engineering assumption was that honeycomb panels would require

“.v.w little or no repairs due to defects, an assumption which turned out to be

“ completely incalid. .As a result, methods of panel repair were also

@ fw "o developed during the manufacturing cycle. The initial methods designed
£¥. 7 to repair the panel to its original design strength, were not satisfactoryj

‘.. ° however, each method created new problems in that the repairs were still

not leak free. Continued development resulted in a sealing process using
nickel plating and a secondary organic sealing agent called Viton to seal
the porosity in the nickel plate itself. :

ey | Yy i
t o e s 5 myc T

Py el G The funding limitations on the program again dictated that "soft" -

v n -tooling be cogstructed for air vehicle assembly. This, coupled with the
welding distortion encountered, caused mismatch conditions throughout the
entire air vehicle. It became necessary in most of the assembly joining

- operations to jury rig the components to be joined instead of using the
"tooling for which it was designed. In a few instances such as "six pak"
mating and wing joining, mismatch adapters had to be designed and " C
manufactured to accomplish the joining operation. e etr,
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w50 U 2, CONCLUSIONS '

s Funding limitations lead to the requirement to develop fabrication :
R techniques on the air vehicle itself rather than to develop such techniques -«
s in advance. This resulted in an unnecessarily high expenditures and Ry byl
A * schedule delays. The prime contractor as well as subcontractors have . .
repeatedly expressed the opinion that more effort directed towards basic
processing and fabrication development would have led to-overall program
savings. Learning on the components for actual air vehicle usage 15 a
costly and time-consuming process, occurring at a point in time when the
contractor's burdén rate is high. Also, laboratory development samples . :
should have been more representative of actual size of the end components . . bt
to be produced and fabricated in production. The fuel tank sealing effort . b a8
~is an outstanding example to justify the cost of advanced development of sy T P
processes, techniques and materials; prior to actual manufacture of the - R
end article. . , " )
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, . to the industry for use in the 300,000 PSI strength range.

It is an error to consider Materials and Processes, (machining,
welding, etc.) as "off-the-shelf" (whether previously used or simply

"developed by the Air Force Laboratories). Each thickness, contour, size

or alloy revision ultimately requires revision or development of new

“manufacturing techniques in the manufacture of the parts using shop

production techniques and labor skills to production tolerances before

the material or process can in fact be considered within the state-of-the= ‘

art.,

A typical example to which manufacturing research and development
was extended in the XB-70 program appeared in the early stages of the

© program when it became evident that during pre~weld trimming of parts

and actual fusion welding, only very small deviations of the milling or
welding heads from the path of the intended weld could be tolerated.
Extensive experimental effort lead to the development of the "skate"
technique to meet this rigid requirement. A 3" to 4" wide track with a
rack was mounted directly to the parts to be joined, parallel to the
path te be machined and welded. The track was held in place by vacuum
cups and a small motor propelled itself and the milling or welding
equipment along the track at the velocities required for the operation.
By this means the edges of the parts to be welded could be milled
simultaneously by the same cutting head, assuring a near perfect lateral
fit for weldings By use of this technique, it is possible to machine, .

,weld and inspect by x-ray large, hard to handle assemblies without -

expensive rigid tools with accuracies comparable and equivalent to that
of highly specialized machines,

As the alternations of material developmept and improvement in
techniques of fabrication continued, the use of mar-aging steel was con=-

. -, templated to save welght and reduce processing costs; however, mar-aging

steel was not used on the XB-70 because of the timing. Although it was
not used, the development of the mar-aging steel has provided materials
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.D. HOWEYCOUB .PANELS - - ~ .- o 5 ey e ey B

l. BACKGROWID

With limited testing and no provious experience the
manufecturing departments found honeycomb panel fabrication, inspection,
and assembly moro difficult and problem laden than was anticipated.

“Most of the problems had their source in extra~manufacturing arenase

The sheoer gize of tho air vehicles in relationship to.

. accumulative dimensional 'tolerances further upset by the warping
affcots of the welding processes was nover fully grasped until the
massive wings were moved in to mato along an elghty foot dogwlegged
Jjoint with complex—curved surfacea.

As the problems arose and werc recognized, to somo extent, the
over mounting pressuros to meet the contractors unrealjistic ovor—optimistio
schodules and prevent furthor costly slippzges forced decisions to pursue
courses of action which were fraught with risks. Unfortunately the odds
wore nover favorable and most, if not all thé gamblos were losts. Some of
the losses are still being roaped in the Tlight test program whioh has .

- suffered from fuel leaks and siructural failureas. ) '

The extensivo woeight savings drive’ coupled. with minimum test:mg
led to minimum and marginal qualiiy panels being produced. The e}
,overpoworlngapredaure 0 moet an optimistic sohedule caused use of - -
¢« "% . - those panels ag well as delaying thoir repair until late. in the asscembly
e s sequenco. Irequently, during the asccmbly process it was necessary to

s o forcefully bend panels into joining position, thus producing built in
kg o .. stresses which, combined with weld shrinkego stresses induced during
i 77 agsembly welding and panel repair resulied in furtheor panel failures.
. f
. i . o ®
w The shortcomings of the honeycomb panels were rocognizod and ety
By © extonsive redesign was initiated for A/V #2 and A/V #3 panels such as .
o g

lﬁﬁ ’ increasing the brazing foil thlckness, increoasing the face sheet thiclmess,

: ' tightening up the *olerancos, ropziring defoctive panels as soon as

possible prior to tho assembly scouonco, monitoring the lcads required

10 movo panels into Joining positions and keeping the built-in stresses

at an acceptablo level, wore some of the actions taken which resulted in

# _ bottor quality honeycomb-panel assemolics. 4 development wnich was too

‘ ‘ late to influence very many A/V ;2 panols was post braze chemnmilling of
ontire honeycomo panols. This technique permitted simplified internal
panels and put the complex surfaccs outsids wnore they oould be geen and
dimonsions controlleds. Use of this tochnique was fully realized on A/V #3
honeycomb panels with excellent results.

Tho problemz of fuol tank scaling werc significantly reduced by
uso of cove soals and a chango in assembly sequonce. The A/V #1 fucl tanks
‘wore initially sealod after the hydrsulio tubing and electrical lines were
installed in the tanks, the ﬁ/ViJ? tanks wore initially sealed prior te tho
{ubing and line installations. Both theo sealing time and the leakage rates
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were significantly roduced by usc of cove seals and improved aasemblj'
GGQUeNCco .. :

2. COICLUSIONS

The redirections which cclled for speed-ups, cut-backs, lay—offa,
and nold-ups; the austore toolins, the unrealistio schedules, the austere
funding and the incremental funding as well as design weight savings all
fummoled theoir cumulative affects on the manufacturing departmonts. '

Tho peouliarities of honeycomb panels and the need for 'kid=-glove'
treatment of the panels from fabrication through assembly was not fully -
recognizod early enough in the program to avoid many of the problems whioh
turned up during the manufacturing process.

The limitations of available'panol ingpeoction equipment and
procoesses wore not fully appreciated early enough to prevent marginal

. and defective panels from being accepted and siaried into the asaembly -
© Procesgs.

.

It is apparont that the %ask of sealing structure to ‘'zero!
loakage condition for air or nitrogen gas was not fully appreciated by
the fusoclage design teams.

a. Complex Panels

y ; =
Weight savings omphasis generated large complox panels. These
ranels wers difficult to fabricate, contained, many as—-brazed defects and
proved to be excessively difficult to process through the.production phase.

Weight savings can be achieved through large complex panels

" but these types of panels are prono o defects and damage, the repair of

which is costly in time and weighv. Smaller, loss complex, thicker—face=-
shoot, panels would simplify the fabrication and assembly processes and
through reduced repairs keep the weight within reascnable limits.

b. Repair Induced Damase

In many instances the repair induced damage was actually
failure of a marginal panol due tc the siresses caused by the heat, or ,
failure of a panel which had a high level of proviously induced stressog.
Loss froquent wore failures from overheating due to non—compliance with

- existing process specification.

Hot repair techniques are hi-risk operations and should be
closely monitoraed to assure complote compliance with existing process
apocifications. Even then the hot reopair technique may set up streasses
in the panel or ajoining panels wnich will malke them subject to repair

" induced failuros. FHot ropairsg may roveal marginal penels and panels

with a high level ef built in strosses. It is desirable to diacover
both these conditions during manufacture. DBetter panel assembly
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ocontrols should be used to prevent axcessive stress build up, Better '
inspootion techniques should be developed to digcovoer marginal quality
panols. Better processes controls should be used so stresa build ups
can be monitored and kept within a safe level.

The possibility of usinz a cold repair process should be
investigated thoroughly prior to calling out a kot repailr method.

ce Panel Contamination

During nickel plating operations there havo been soveral
instances of panel contamination with the corrosive nickel plating
solutions some of which were not recognized until later in the
production process. ‘

Lven with caereful following of the process specification,
niclel plating is a high risk operatvion. The conversion from a
positive (gaugo pressurized plating box to a negative (gaugo) pressure
logsens but does rnot romove the risiis No non—dosiructive inspection
moethod has been dovised to assure, during or immediately after plating,
thero is no contamination of the panel. Thore have boen inatances where
visual evidence of contamination has shown up woeks after the plating
operation,

Cereful and oxacting adnerence to the process spocifications,
including continuous alert monitoring of the nickel plating oporation is
roquired. UNickel plating should novor be deferred until after a panel
is joined to a second panel nor should it be deferred on a subassembly
until after the subagssembly is. joincd to anotner. Whenever possible,
nickel plating should bo accouplished early in tho production process
so as to permit detection of contamination prior to the panel being
incorporated into a larger assembly.

de Production Handlines of Tonoyccnb Panels

An unacceptably high number of A/V #1 panels were damaged
by workmon becausc itney were not thoroughly indoctrinated in care and
protection of honsycomb panels.

Jorker education programs and panel protection wore utilized
on Air Vehiclo #2 to & maximum extent and worker caused damage to panels
was held to a minimum.

_ Worker education in the care and processing of honeycomb
panels is a must and this type o1 training program applies to all
personnel from the janitors to the engineers and managers. Equally
vital is a panel protection plan which includes protection during all
stages from panel fabrication to area close oute. »
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E« WELDING

1. BACKGROUND

In the XB-70, the use of conventional mechanical fasteners
is limited primarily to the forward fuselage section which is con-
structed of titanium sheet -~ the balance of the structure is fabri-~
cated of welded honeycomb panels. Each XB-70 required approximately .
six (6) linear miles of welding to join detail parts; and about two -

, and one half (2%) linear miles to join major assemblies of nearly

twenty~five thousand (25,000) gross square feet of brazed honeycomb
panels. Considerable developmental effort was necessary to advance
the welding and brazing techniques to meet XB-70 requiremsnts.

The requirement for welding starts early in the individual
camponent fabrication where individual panel face sheets require the

- welding of two or more separate pieces of stainless steel sheet

material to make up the total panel area. The normal process of
welding stainless steel sheet results in panel distortion, requiring

“hand finishing to obtain a clean, burr-free, flat finished sheet.

To eliminate both the hand removal of the weld bead and the distortion
of the welded parts, a welding technique known as WLANAR® (Low

Amperage, no added Rod) was developed. "LANAR" welding uses convention-

al tungsten welding equipment but penetrates the weld arca only 75% =
85% on one side. The work piece is turned over and a second weld

penetrates\enough for overlap of the first weld. No filler rod material

is added. The lateral contraction of the second weld off-sets the
lateral contraction of the first weld, leaving a small convex weld
bead which was eliminated by slight roller burnishing.

The most important joining methods developed or refined for the

XB-70 were resistance butt welding, resistance spot welding, fusion

spot welding, fusion welding, electron beam welding and brazing.

Resistance butt welding was a new application of conventional
resistance welding principles, consisting of panels joined with added
strips on both sides of the inner and outer facing sheets and was
initially used as the basic means of joining honeycamb panels. The

strips served to contain the weld nugget as it was formed and prevented

reduction in cross-section area of the sheets as the weld was made.
Butt resistance welding initially provided a satisfactory, fuel-tight
j ointe. :

Fusion welding was the principle welding method used on the
XB-70. In most cases, it is done by the tungsten inert gas process
(TIG). The arc is shielded by an inert gas such as argon or helium
as filler material is added to the molten metal. Several adaptations
of fusion welding wore developed. Each designed to weld different
types of Joints. TIG.welding became the principle method of joining
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% honeycomb panels by use of what is known as key hole welding. .In

-joining panels, the lower face sheet was TIG welded through a i/8
inch slot in the upper face sheet. The uppor face ‘sheets were then
Joined by a double waeld using a 1/8 inch filler strip to close the
slot. This provided a weight savings, and permitted the honeycomb
core to more closely approach the edge of the panel for greater
strength.

A family of light weight titanium and PH15-7MO steel I beams
were developed for the XB-70's inner structure. A thin corrugated web
is sandwiched upright between two caps. The caps were welded to the
web by the "burn-through® weld process. The weld heat penetrated
through the cap and fused the web. Weld rod filling was used for
any depression resultling from weld flow., The TIG welding technique
was also used in saome cases, the torch being programmed by an electric
eye following a precise template, tracing the corrugated (sine wave)
web exactly. A continuous weld fillet on each side of the web results,
Because of the high strength to weight ratio inherent in this process
and the cost advantage of weldments over machined parts, this type
of structure was predominantly used in the structure of the XB-70.

Electron beam welding was taken out of its previous laboratory
environment and was used to wold the wings to the fuselage of air
vehicle #l. The upper and lower surfaces of the wings and wing stubs
are honeycomb panels and both the inner and outer face sheets had to
be joined. The inner face sheets were TIG welded by the keyhole
method. ‘The outer surface was joined by electron beam welding. This
electron beam method was selected because heat i1s so localized that
residual stresses and weld distortion were kept to a minimum and thick
materials could be welded to thin gauges. A joint to be electron
beam welded must be enclosed in a high vacuum. Basically this problem
was solved by the development of a portable vacuum chamber with sliding
scals. Maximum advantage of electron beam welding was not realized
initially dus to the vertical misaligrmment of the surfaces over the
80 ft length of wing joint to be joined and an adapter strip was
required to achlieve the required tolerances. Nontheless, the electron
beam welding did afford an advantage by its ability to satisfactorily
Join materials in a confined Jjoint with a minimum of residual stress
being induced by conventional weld shrinkage.

Conventional resistance spot welding was also used where
fuel tight joints were not requireds Special long reach spot welders
(72 inches) were designed and built to resistance spot weld forms

attached to panels where a long reach was necessary within a restricted ot

working area.

A great amount of hand welding was still required on the XB-T70
demanding great skill of the individual workman. As a result, a new
concept of welding at elevated temperatures was developed. Depending
on the conditions, it was found necessary to heat the entire part :
before, during or after welding. For example H-1ll welded asgemblies
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required preheating and holding at 600°F during welding with-the
welder working in an asbestos suite. After welding immediate stress
relieving at 1200°F was required to.prevent cracking in the weld

and surrounding areas. Manual welding of titanium was done in an
inert plastic '"bubble" chamber containing argon to prevent contami-
nation of the titanium during welding. This procedure was improved
by a *"railing cup®” method for assembly welds, which removed the
bubble® limitations. This method provided a traveling cup of inert

 gas as the weld progressed.

2. CONCLUSIONS

It has been found that the production department and quality
control department personnel require an earlier input into the basic

design, and in many cases, the individual worker can and has assisted

in basic desgign and fabrication planning. With the advent of the
super alloys, it is essential that the individual worker become

highly skilled in the manufacturing processes. Not only is training

required but proficiency must be maintained. Such requiremsnts do.
not lend to changes in personnel without extensive retraining, thus
early and specific labor requirements must be identified to keep
optimum labor skills and allocations on a stable basis throughout

the program.

TR R N VT WD P
& P

r
(i

ot s i EY s

w g -

b

'c; -
—f-‘rnwrh«-ﬁ ~dr—p






4

Fe QUALITY CONTROL

1., BACKGROUND

Due to the unique construction of the XB-70, the major quality

-control effort during the fabrication and assembly stages of the program
. . centered around the fabrication of honeycomb panols. There are essonti=
. ally five basic factors that cause poor qualilty in a honeycomb panel:
-/ improper node, flow, faulty shear ties, crushod core, inadequate fillet
.. slze and faying surface faults for which inspection methods for finished

panels were developed.

The problems of quality control increased with the introduction

‘of the new materials and design concepts. The conventional inspection
methods were generally incapable of establishing product integrity either

because of inaccessability or critical inspection tolerances. The

> higtory of quality control on.the XB-70 is ond of continuous evolution
.~ of new applications of improvements upon tools, methods and techniques
{ available to industry. Many times complete reliance had to be placed

upon the worker until a meaningful inspection capability could be

- developed. An early problem was the difficulty of assuring an exact

fit between large surfaces of honeycomb core to the varied levels and

“j contours of panel facing sheets. A photographic method replaced a
‘measuring and charting method. It in turn was supplanted by a carbon

paper record of the degree of fit. The neced for absolute cleanliness
and purging of the panel components of gas-borne contaminants was
discovered &uring the investigation of early failures of the honeycomb
panels. Here again the individual workman provided the prime ingredient
of quality c¢ontrol.

X-ray inspection was the initial method employed to determine
the integrity of honeycomb panels. The ability of the reader to

© . detect other than gross faults was highly questionable. Ultrasonic

inspection of the panels was used as a supplementary inspection process.
Although a permanent recording capability was developed, the requirement
for immersing the panel in water dictated that this technique be aban-

doned since water entering the panel caused considerable corrosion. Thse

_‘,inspection process returned to a procedure of in-motion radiography which

d - blurs one side and causes the other side to stand out sharply. This

- method provided a readily readable record of inspection. The use of

portable x~ray units moving on the skates was used to inspect all welds
during sub and final assembly. ‘It should be emphasized, however, that

the real quality of the panel 1s vitally dependent upon the workmanship, L

knowledge and care of the individual worker on each detall of the panel
components. ' e ' 4
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2« CONCLUSIONS
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The failure to provide camponents manufactured and/or fabri-
cated under actual production processes seriously impaired inspection
-and quality control; as well as the previously mentioned impact to
the production program. The new techniques which were required to be
developed, x~ray film reading as an example, and the required time
necessary for training in the use of these techniques dictated that
the learning process had to be accomplished during manufacture of the
actual air vehicle hardware. It was late in the manufacturing of
air vehicle #1 hardware, before any degree of roliability could be
o placed upon inspection identification of defects. The eariy unidenti- .
g fied defects in honeycomb panels, or the questionable classification " g %

of such defects were responsible for failures which are occurring under ; - gk
the present Flight Test Program. 7o make repairs and/or replacement . “ g
- of parts at this point in time has proven to be very costly to the “ 4
program in both time and dollars. A .
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The failure to provide an adequatc development testing program
has also hampered the development of an adequate inspection and quality
control program. Since this was an austere program, there were insuffi=-
cient funds to set up destructive testing of honeycomb panels so that
actual comparison of defective areas versus the findings of the x~ray
" reading could be compared. Lack of such a procedure limited the quality . .
' egontrol pergonnel in making adequate or timely adjustments in training ) ]
‘or predictihg quality trends. The testing program on honeycomb panels, . Tl
. -as an example, were limited to a surface pull test at 80% of designed « et 8%
~strength of the panels, as well as to suspected areas only.
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As a result of not being able to properly identify and cate-

gorize the defects, the scrap rejection rate on the honeycomb panels :
- was extremely high (34% of total square footage produced on Air Vehicle . °

#1) and it was not until production of Air Vehicle #3 panels began that
- elimination of defects through quality control input on redesign and ,

- improved techniques was made possible. Air Vehicle #3 panel production

was at a 2% scrappage rate at the point of termination, March 1964. It

can be said that the major contributing factor to the program schedule
delay and dollar overrun was due to panel defects and that repairs
' generated by these defects were the primary source of leaks which ; _
- ¢ delayed the fuel tank sealing efforts. In addition, as the airplanes Lok
won were built, the continuous repairs Lo the structure resulted in R
o' conslderable weight penalty. It is estimated that the weight penalty e
ra due to the above repairs amounted to 22,920 pounds on the first XB-T0A o o

- and 20,354 pounds on the second hB-?OA. : vy i
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. of optimum design for maintainability or extended reliability, and it

- be expected in light of the drastic curtailment of subsystem testing

‘‘‘‘‘‘‘

ENGINEERING

A. General Background

In the area of englneering experience, the influence of repeated
program redirection’ and curtailment of funds have impacted upon the
number and depth of the technological advancements that have boen
forthcoming. With the advent of the program as it exists today, the
research and engineering efforts were restricted to the prime require-
ment ‘of providing an Air Vehicle capable of performing within a speed
and altitude flight envelope up to Mach 3 and 70,000 ft. Although
hard tooling was available in most of the structural areas as a result
of the previous weapon system program, the XiB-70A Air Vehicles might
be considered as having been designed and built on a model shop basis.
Final engineering in the subsystem areas could not afford the luxury

became necessary to use airworthiness testing in lieu of extended
subsystem and component qualilication test programs. Two vory
critical areas that have been much more successful than would normally

prior to incorporation into the Air Vehicle are the flight control
system and the hydraulic systen. The number and complexity of
problems that can be expected in attempting to provide technological

. breakthroughs in these areas without providing a full scale flight

control simulator or hydraulic system simulator can be almost TR R
insurmoudtable., Although both of these areas have experienced severe
problems both during the developuent program and during the initial
portion of the flight test program, the validity of the basic design
concepts and the compatibilitly of the components within the subsystems
as demonstrated during initial testing of the Air Vehicle are :
considered to be without precedent in their degree of success.

B. Subsystem Discussion

In discussing the engineering experience and lessons learned,
‘it is appropriate to cover the major subsystems more or less as
separate entities. In such a discussion, however, it must be
remembered that a very significant portion of the knowledge to be
gained and lessons to be learned in the area of engineering design
and development will result from that portion of the flight test
program that i1s still in the future. 7o date our knowledge and
experience have been primarily in the initial development, imple—
mentation and integration of subsystems into the basic Air Vehicle : .
configuration. ’ ey o B

o e

¥
1. Hydraulic Subsyster. ' f.
Primary experience psined in this area is centered around :

the new subsystem requirements such as tne use of 4000 PSI system
pressures as opposed to currcal nvantory aircraft systems that are /






based on pressures of 3000 PSI. To accommodate this elevated pressure,
it became necessary to develop and utilize seamless stainless steel
tubing for hydraulic fluid transmission lines. This tubing varies in
size from % to 1-7/8 inches in diameter. The use of standard AN
fittings in this system became prohibitive from the standpoint of
preventing leaks and the excess weight encountered. DBoth of these
problems were sclved by the development and use of brazed tubing
fittings. It is estimated that the use of such advanced fitting
techniques resulted in a weight savings of some 10,000 pounds through=
out the entire aircraft system. In order to utilize this 4000 PSI
system it was necessary not only to drastically reduce the tolerances
and clearances in valves, actuators, and hydraulic pumps, but it was
necessary to remove foreign contaminants from the fluid system that
were microscopic in size. The severity of this requirement is
illustrated by the fact that the fluid filters installed in the on-
board control valves are designed to remove foreign particles that
are larger than 5 microns. In order to utilize the elevated pressure
of the system it was also necessary to fabricate actuators and pump
components of H-11 tool steel. The use of H-11l steel in these areas
in tuwrn necessitated the development of new machining techniques.

When the initial designed pumps and other componcnts were
first integrated into the system, components and transmission lines
failed due to pressure surges and system pulsation. The absence of
a full Qcale hydraulic system sinnulator required that these and
similar 'flight control problems be resolved by tests conducted on
the actual Air Vehicle subsystem. Experience has now shown that the
decision to eliminate the full scale simulator was more costly in
terms of aborted flights, extended down time and component failures.
In consideration of this additional cost in money and time, and the
potential damage that can be cncurred during testing, future systems
will find it more economical to make the development and fabrication
of a hydraulic system simulator a mandatory requirement.

During the initial phascs of the B-70 development program,
the decision was made not to install cockpit instrumentation that
would permit the flight crew to continuously monitor the. pressure
and fluid quantities in the various hydraulic systems. However s as
the flight test program progressed, it became evident that such
instrumentation is a necessity. Future systems should include thé
hydraulic pressure and quantity indication requirement on a mandatory

basis.

Experience has also shown that in thie arca of hydraulic
tubing, the use of only rigid lines throuzhout the system is a poor
design approach. Major linc failures have now becn eliminated by
the use of flexible lines in arecas such as the attachment of
hydraulic driven pumps. However, additional development is still
required to make available flexible lines which will withstand high
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pressures and temperatures while providing long life reliability.

2. IKElectrical Subsystem

In order to reduce the weight of electrical transmission
lines, the electrical generation system was designed for 400 cycle,
416 volts. This system has been highly successful and the use of
higher voltages at extreme altitude conditions has not presented |
problems of corona or arc over. The successful operation of the
0il cooled brushless generator has also proven that arc supression
around rotating rectifiers is not necessary if the system is designed
correctly. The development of pure AC relays and solenoid valves
under the XB~70A program has also allowed the elimination of trang=
farmer rectitfiers for DC control power. [Lxperience in this area has
shown that although a small amount of direct current power has been
used for certain equipments and for providing an emergency power
backup source, the high voltage and pure alternating current powered
Air Vehicle design is a proven concept« The use of such systems in

‘lieu of conventionual AC-DC low voltage systems results in an aLeotricai

subsystem weight savings of approximately 25%.
3. Propulsion Subsysteh

The XB-70A is the Iirst cupersonic aircraft to utilize a
single long air intake duct to provide combustion and cooling air to
more than one engine. This arrangement of two air ducts, each
providing air to three engines, has proven highly successful to date.
Signiticant also is the successful use of a long (80 ft) duct with
variable geometry control. Experience on this program has shown
that at Mach 2 and above, the inlet geomotry must be variable so it
can precisely control the varying shockx patterns of the ram air.
Optimizing of the inlet geometry has become one of the most critical
design problems of air vehiclies operating at high mach numbers. .

A gipgnificant lesson lcearned as a result of the program

- slippages is that the engine development in any future program should

be started at the earliest possible date. The two year program slip—
page which the XB-70A encountered permitted most engine problems to

be resolved prior to the flignt test progran and on-board engine
operation is now highly successful. The J=Y3 cngine was developed

by General Electric, Evendale, Ohlo. This engine has satisfactorily
demonstrated that with continuous afterburner operation it is possible

to develop 30,000 pounds of thrust with an engine weighing less than

6000 pounds.

Another significant lesson learned is that the large quantity
of JP=6 fuel carried on board can be successfully used as a heat sink
not only for the heat generated by the on-board subsystems but also

B e

e LT
S o v
i )

[

PR,

¥

g e -

AT A o .
" X






, eraft, the problem has yet to be resolved. Because of the potential '

for the aerodynamic heat accunulated at high mach numbers. Although
the fuel absorbs sufficient heat to raise it above the flash point,
safe operation has been obtained by firat removing the entrained air
from the fuel by bubbling nitrogen through the fuel as it is put on
board. Secondly, the ullage space above the fuel in the tanks is

filled with gaseous nitrogen under & positive pressure. F o g,ﬂ?

A major problem in this program has been fuel leaks in the fuel
tanks. Numerous methods have been applied to sealing the honeycomb
structure and although the leaks have been greatly reduced, further
development is needed beforc a completely satisfactory high temperature,
long life tank sealant can be made available.

L. Alighting Gear Subsystem

Design work in this area started early in the program. Un-
fortunately the original design size of the tires was hold to a ;
minimum to reduce tire weight but did not take into account the growth
potential of the air vehicle in over-all gross weight. Consequently,
the utilization of the total structural gross weight potential of the
air vehicles now requires the tires to operate at temperatures and »
pressures in excess of the original design requirements and beyond
the state-of-the-art of tire manufacturers. This situation nas
greatly reduced the reliability and life expectancy of the present
tire copfiguration. The significant lesson learned from this
sitbuation is that in the initial design, the tire size chosen must
be sufficiently large to accommodate the growth potential and
resultant gross weight increase of the air vehicle.

Another major problem in this area has -been brake chatter
at low taxi speeds. Although this problem exists on all large aire

structural damage that can result from this situation, the XB-70A
program now includes a rather extensive effort to establish design
eriteria for braking systems that will eliminate this problem.

C. Applied Technology Base ‘ f

Weapon System 110A (X5-70) from ils inception has required the
maximum utilization of the le:-.su laboratory and research advances
in aerospace technology to .icel the systen objectives in performance,
range, speed and accuracy. The application of these advances posged
considerable problems. Althcu i :mony ol the advances in aerospace
technology had been proven in ‘... laboratory to the extent that they
were commonly accepted to be wilidin the tnen present state-ol=the-
art, little or no effort had .cen expended towards the technology
required to generally apply these advances to aerospace system
hardware.
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One of the lessons learnced on the XB-70 program is that this
increasing lag between the laboratory and research breakthroughs
and the technology base for application to design and manufacturing
techniques have resulted in longer system development time periods
and greatly increased system oriented costs. This lag has been

cauged by the rapid expansion of our research programs with an equal -

reduction in our programs to deveolop an applied technology base and
proven manufacturing techniques congruent with the emphasis on point

‘or system design. This emphasis on point or system design approach

implies that there must be an end item system hardware need before
application development is done on the manufacturing technology.
Tnds results in the conoentration of know how within a small nunber
of our industrial contractors and is oftan lost to the scientific
community whole. )

The expansion of the appliesd research base not oriented to
point or system design is required on a continuing basis in order to
bring future systems into the inventory which incorporate the latest
proven technology at less direcct cost and in a minimum time period.

In the XB-70 system program most of the advanced concepis had
to be developed from the laboratory concept to specific hardware
without the benefit of an appiied technology base. For instance
stainless oteel brazed honeycomb panel had been produced in gmall

laboratory samples and was commonly recognized as & highly efficient ’
- structural material. To use this material for the manufacture of

the . XB-70 required development of roliing mills that could produce
stainless steel in both thin and close tolerance sneet stock, de-
velopment of brazing techniques and equipment, development of joining
and welding techniques, and the development of a whole new family of
quality control and inspection criteria. Once developed, the new
procedures, techniques, processes and equipment had to be expanded 10
encompass the entire subcontract base. All costs in both time and
dollars were dircctly oriented to the X3-70 program.

As the XB-70 was originally planned as a weapon system to be

‘ produced in quantity, a large development and subcontract structure

wvas established which encompacsed nearly all of the aerospace
industrial complex of the United States. As breakthroughs were

made in development or manufacturing, these were distributed to all
vendors and subcontractors through newsletters and symposiums. Thus,
the Xb~70 advancements in the state-ol-tlic-art end information gained
were disseminated to the entire scientific community.

The technical lesson lemimua on the X3-70 System Program is that
our programs of applied researci. /ua manulacturing technology are not
adequate or timely to support :ac advancement made in the laboratory
research programs. The emphasis on only system oriented development
of applied research or manufacturing technology has increased the lag
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between laboratory research advancemcnts and theoir application in a
system and has greatly increased the syston development time and
_8ystem oriented costs of any system which utilizes the latest
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Ve ELIGHT TEST

A BACKGROUN;D

All areas of flight test support, and with the exception of the

fllght test contract planning, were completed to support the originally
planned f1r5t flight date of Deccmboer 1062, a:e Joint Test Force was
organlzed and the services and support agreements between the AFFIC and
;ﬁsthe contractor were in being by that date.
Air Force personnel were trained by and with contractor pg;sopqel.

‘The technician and engineers viriuclly liwed with the aircraft during

v

‘manufacture, thus acquiring a thorough b&ckground. The pilots received
- ground school with the contractor pilots and participated equally in

‘hw;the flight control simulator missions.

3 .
The contractor flight test malntenance personnel were employed in

the manufacture of the aircraft, conctequently they were well qualified
é; in the configuration and systems operations. The contractor pilots
completed Air Force B-52 crew training and received B-58 flight training

~to gain experience with large nigh speed aircratft.

G ' Facilities in being at the AFFTIC were gdequate except for modification
f”* of building 1820, construction of a 10,000 barrel capacity storage tank
for JP-6 fuel and construction of & run pad for the Xb-70. This work
was accomplished under the military consiruction program.
The flight test plan was developed by the contractor and approved
by the Air Force. This plan was to ihe detail of each individual data
' point, (NA 61-620-2), as well as the more general overall pian and flight

test program objectives. The plan was based on the contractor's estimate
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{"ﬁ of achieving an average of eight hours per month per air vehicle.
The contract for the flight test program was accomplished in July ;'
" . B,
- .1954, which was, of course, prior to the first flight of the air '%._

< . .vehicle. Since the contract was of the incentive type, the contractor

- was therein recognized as the flight test program manager.. Approval

ik

T o ey

& - $aa
T ot

authority over the flight .crew composition was, however, retained by

the Air Force.

-
o

B. (CONCLUSIONS:. 7 ‘J" " o
Cu : Thg ofganizgtion and manaing of the Joint Test Force was, due to . ;t'?;$f
~aircraft manufacturing slippage, almost two years eafly. This, however, ‘ W,;rub
- was nat a wasted effort.- The additional time available resulted in Lo ""é _
ﬁuch more thorough training than woulc have been possible otherwise, i 'f% ﬁ"lé
Lid : Fe 3
and enabled personnel to follow the air vehicle through the manufacturing . ;ﬁ% jf
3?_.as wéll as preflight phases. In acdition, it ma?e available to the SPO;' légj“ﬁ%
on site knowledge;ble Air Force personnel. .Thé flight.control simulator :_?,éj 5;?
experiencelgainea by the pilots was judged extrem%ly valuable training, éi };é
A ‘particularly in view of the fact that due td austerity na flight . ,.:ff ;L
;i simulator was prbcured. ‘The contractor procedure of utilizing flight Jfff‘g_
= | test maintenance personnel in the manufacture of the air vehicle was.a § , ii
i valuzble expedient to provide trained maintenance personnel for the wﬁfr'i;
e 3 - £ v oy
§ _ - flight test program without incurring added training costs. The heavy £ ;ﬁi _w;;
ahd.supersonic bomber iraining afforded the contractor pilots is felt f?}% :
: A
N to have contributed in a large measure to the safety of the early 'é; &
;fj flights. This training was not considered necessary for the Air Force -?fl{
pilots due to their previous expericnce. i 7,*Eié,
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The formulation of the flight test program objectivéds and the

.
s Sk

development of the broad flight test plan early in the conceptual & 4

phase of the flight program is, of course, necessary. However,

':fhﬁ ~ planning to the detail of individual data points is wasted effort.

~
et Sse

To date, in the XB-70 program, less than 50/ of the data points

S

L "?}; accomplished were contained in the detail plan, the balance consist-

ing of points for which the requirement was unknown when the plan - ' : T

-7:. & e~
.

rwas developed, yet éctomplishmcnt-wise,.the program is proceeding
"  approximately on schedule for thc nours flown. A further considera-
+ " tion is that the detail plan of data points, (NA 61-620-2) was compiled
7 | for the originally planned flight test program of 415 hours.

The incentive type contract does not lend itself to the exercise Lo CEL S T e

- e

5;;;" of Air Force management of an exgerimental flight test program such

as the XB-70. Any request by the Alr Force to the contractor to

JATEY ey B

o

! alter projected flights will norzaily affect the achievement of the

contract incentives and can,'thercfore, be expected to be. met with
~opposition by the contractor. The Air Force is then faced with the
alternatives of relinquishing manageisent of the program or placing the
contract in jeopardy. A type of centract which would permit Air Force

be
to exercise management prerogatives would/highly desirable.

U e T






—~
e

cLeNAGENE

(]

CONFIGURATIC)

.
tm |
-

T S s

&

N “ YI. CONFIGURATION -
- MANAGEMENT . s

ey wen B - s - - —
- 4,- ]
%
&
£
s
;
H
I
:
1 B
2
S
T 1
i
¥
" ’
BT )
3 g






VI. CONFIGURATION MANAGEMENT o C

A. AIR VEHICLE

1. BACKGROUND

a. In light of the very stringent funding limitation under = .

which the B~70 program has operated and is being tested it was necessary
in early 1963, to establish an effective and positive control of configu-
ration changes. Control of B-70 design and fabrication has been achieved

‘through SPO surveillance of specifications and .engineering data. Change
,control procedures were negotiated with the contractor and included in

an Exhibit which became a part of the contract. A B-70 SPO Office In-
struction was prepared to list proccdures for control of contractual
changes to the configuration of the XB-70 Air Vehicle and YJ-93-GE-3
engines., SPO approved specifications in effect on the date of acceptance
of each Air Vehicle, with deficiencies and shortages listed in the A/V

* Deficiency Report, defined the bascline configuration of each Air Vehicle.

Major changes to the Air Vehicle after AF acceptance require B-70 SPO approval

.+ prior to making the change. Differonces between the two A/V's required the
- use of separate specifications to define the baseline configuration; however,

the same configuration control procedures apply to both A/V's.

b. Since only two XB-70 A/V's were procured, configuration

. ldentification and reporting at component level (which is the procedure for
" programs scheduled for the operatioral inventory) was considered unacceptable

for the XB-70 development program. In lieu thereof, XB-70 configuration
identification, control, and reporting is accomplished at subsystem level
allowing the contractor sufficient design change flexability required for a
development program. Since both A/V's were bailed back to the contractor
after AF acceptance configuration status accounting is accomplished by the
use of contractor internal reports rather than reguiring the contractor to

. prepare formal status documents. The contractor's status reports are

furnished to the Air Force at specified time intervals and provides, (1) a
word description of engineering changes made since the previous flight of
the A/V and lists the subsystem affected, (2) a listing of the subsystems

~ which were either inoperative or partially inoperative for the flight being
'2‘ reported, and also includes a statement as to the reason for it being in- :
operative, (3) a listing of all subsystems which have had changes incorporated

since baseline configuration was established with & cross reference to what

the change consisted of, and (4) a two part listing, which provides a list

of all changes that have been released for incorporation in the A/V. One part’
lists the changes that have been installed and the second part lists changes
that have not yet been installed. '
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: ¢. The AFPRO and the XB-70 Test Force personnel maintain close
surveillance over all configuration changes as they are being formulated by
participating in the contractor's mecetings when proposed changes are dis-
cussed. This procodure providos thoe SPO with a technical ongineering as-
sessment relative to the necessity for the change, a contractual assessment,
and a logistic support assessment relative to the effect the change will g
have on Ground Support Equipment, Spares, Technical Manuals and Maintenance
procedures. Major changes are limited to those pertaining to Safety of
Flight or to achieve contract flight test objectives. Major change proposals
are reviewed and approved, or disapproved, by the B-70 Configuration Control
Board, which meets at specified time intervals in the B-70 SPO. ;

- S o
he % S, ey

LI T e T

2, CONCLUSIONS

a. The configuration procedures and management controls
currently in effect for the XB-70 program affords the closest practical
management surveillance of changes, thus insuring that only those essential
to the safe and effective accomplishment of the flight test contract ob-
jectives are implemented. The configuration of the flight test A/V's is
clearly and accurately defined as is necessary, not only to insure flight
safety, but to permit interpretation of f{light test results. Good day-to-
day working coordination betwsen the contractor, AFPRO, B-~70 Test Force and

) the B~70 SPO has been established. The SPO is kept knowledgeable regarding

¢ potential canfiguration changes prior to .their actual release and incorpo=-
vation in the A/V's, by means of a weekly informal telephone conversation
between the contractor and appropriate SPO personnel. This provides the
necessary advance information without generating additional cost to the
program which would be inherent in any regular written reporting. During
these telecons progress toward accomplishment of changes already in process
as well as a brief review of potential future changes is provided to the SPO." -
All changes are analyzed with respect to flight test objectives, program cost, L
impact on logistics, maintenance, spares, and ground support equipment. This

- type of continuous, close, but informal coordination provides the SPO and
other AF agencies inveolved with knowledge and understanding of current status .
of the XB-70 flight test program without the generation of additional and . B
unnecessary cost to the program. The XB-70 Configuration Management program '
is similar to and satisfies the intent of current AFR and AFSC series of
regulations pertaining to AF configuration management. With the exception :
of making minor changes, activities to date have confirmed that XB-70 . b, a s
Configuration Management policy provides definition of A/V configuration and . o
demonstrates the existence of tight management control of configuration il !

changes.
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i BACKGROUND

M - In the 1958—59 time period when an experimental contract for the B-70 was

G executed, contracts for large quantities of aircraft were approaching a conclusion il

. and most contracts being awarded were of the R&D type with a minimum of hardware aB ;@J
the deliverable end item. It was at that time that the B~70 contractor and the B-70 -

. Weapon System Project Office realized that during the war end postwar years which - .E;f
had. demanded the delivery of high quantities of alrcraft specific contract defi~ . .-
"nition of data was of secondary importance and it was probable that up until then,‘ ‘T;;;
'4; néither had the contractor known completely what data he was obligated to supply i

under a contract, nor had the Air Force known completely what data they had procuredk
‘7 under a contract. Completion of data in those days usually was constituted by sub-.
s mittal by industry of qualification test reports for equipment, equipment samples, '
% %reiimlnary handbooks and microfllm of final production drawings for the Air Ry
"'% ehicle. . Aae

*:'-;n;; st

: -t-':"('s
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b. With the advent of the R&D contracts, where weapon system and performance
specifications were being introduced and with the advent of a new family of manage-
- ment reports, the application of data reqguircments contained in military specifi-
- rations for hardwaré appeared questlonaoik, and the requirement for a definitive
"~ _ocument of line items of data in the contract became evident. Such a document was .

generated by the joint effort of the B-70 Weapon System Project Office and the North , . . |

American Aviation, Los Angeles Division, and the subject document. was attached to :

" and made part of the B-70 contract. During the 18 ronths that followed, data sub-
.’ mittal requirements of the subject contract were limited to those contalned within - .
"the exhibit and the status reporting of such data vas mechanized for internal control .

.+, + within the contractor's facility. The WSPO had as had the contractor, appointed one “-53?
. ..o person through which all data requirements were coordinated and approved. The exer= 4%
‘ ;“Vcise inciuded a very close coordination effort between the contractor and the B-70 . - hR

..8P0 to resolve two basic factors: (1) Identification of data required by the SPO _
i . to fulfill ite charter within the Adr Force and (2) A definition of the data so identi=
3 " fied in order that the contractor would have a clear understanding of the required .

contents of each end item of data. It was found necessary in some instances where o
“definitions contained within certain paragraphs of Mil Specifications were ambigious, . ‘@

" . for the B-70 SPO to write an exhibit which fully defined the required contents of that |

‘5 'IU‘BpGleic line item of data. When all such data were identified and understood by both< - -
\ - parties, 1t was attached as an appendix to the contract and prefaced by an introduction, i

which contained the following two key statements: R T
"Data requirements of applicable specification and USAT design handbooks, except as =
w . defined herein are waived. These and other government documents requiring the prepa- I
. ration or delivery of data shall be used as a guide but shall not require Air Force . ° “lv,

approval for deviation thereto, relative to preparation and/or submittal of data." R .

. kS N - y s
e - i S L o 3 -.-.». ..._,'.L—-,.,.—-_ ""‘“’l"""""‘““"""-" "7"*‘1" .,f og e ot

¥ i
e b F S i ik e . P 7 iy, g foum g SR

T i § gy bk e e nq e ey, e






it

. nized that test laboratory log data shects maintained on file by the contractor and
.readily available to the Air Force if Tequired, would serve the same purpose as file

[ exhibit,

g 7

#y

. consisted of a mechanized system for data status reporting to the WSPO as well as

:Q; for the preparation of the master tab listing was the assignment for each line item of -

N

"‘ W

Tt
ey

g

+ The second key statement wast "Data shall be submltted in the format and content
normaily used by North American Aviation or by its subcontractors." Where the term
‘M"Test Reports'" and "Test Results" were used, the meaning was synonymous. As of 2
. today, these words of the contract have not been amonded nor has the contractor beem . i,
requested to prepare "data" per se over and above that which was set forth in. the A

v Faigse e e s

-.: e The Air Force, in administering the B-70 program, did one additional thing

which is particularly applicable to the management of data. It reflects a philosophy '«

used by the B-70 SPO to maintain data at a minimum and was accomplished by the SPO . . "

~exercising its prerogative to delegate approval of certain items to the contractors .. =
The ‘philosophy applied was that which was reflected in'an eurly Air Force Bulletin
~MCP 71=533A, which whén implemented, allowed the Air Force to accept contractors
*certification that end items of equipment below subsystem lecvel had fulfilled the
govarnment approved airworthiness or qualification test requirements, such certifi-

ﬁ cation to be based upon the contractors laboratory test results., This meant that

. with the exception of a few selected end items of equipment in which the engineering

persannel of the SPO had a special interest, it became unnecessary for the contractor .

to document test results in the form of ;ormal test reports. This philosophy recog-__”'

cabinets, at Wright Field, full of formal test reports which might not be needed for
. the balance of the program. It is obvious the savings in manhours which were realized *

.y vticularly in view'of the fact that the contractor passed the same philosophy of G
vertification on to his major subcontractors. . -

d. Following the definition of data which became part of the contract, the method
..of managing the effort in accordance with contract requirements was implemented. This:

" internal data management within the contractor's facility. The first step accomplished g

“data, a sequence number, a report or drawing number, and a responsible group within: <.
North American. All 1tema of data, as in the contract exhibit, were grouped by y
subsystem. The master tab, printed from punched cards, formed the basis for all 8ubw 5 e
ordinate reports which were machine sorted and printed as required. The original = = i
- system established the use of an 083 card ou,tlng machine and a 407 rapid printer...’
and}the cost incurred for establlahlng the internal control and reporting system was 1
a minimum. The original programming cost was about IA00, and each combination of - i g
" printouts thereafter cost in the neighborhood of $35. 7This represented some 350 data 'ﬂ
'_entries. As time progressed, additional reports, specifications and drawings were - ... !
identified by number and periodically added to the tab run. Additionally, scheduled
and actual dates were added and provisions made for the Los Angeles Division ?
transmittal letter number to be recorded opposite each line item of data. The fact
.. wag recognized that the submittal of any data item, immediately opens the door for -~ .7
" a wyriad of questions which, when asked in writing by the customer must be answered -}
in writing by the contractor. Such answers in writing usually represented additional . "

iy E
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.. ' data even though it was contained in letter form. Thus it was found advantageous to . ' ..
. reference all correspondence generated by either the customer or the contractor re-~ -
- lated to any end item of data adjacent to that line item of data in the tab run thus
.U providing a ready reference for not only the data requirement but all corresporidence
.. . rolated thereto. Each end item of. data in the master tab was also coded to indicate
. when. written approval of the WSPO contracting officer was required and/or granted. - oo
* Each line of data in the data status report was assigned a sequence number, ‘a number:. ...y
. -representing the office of prime responsibility (or group) at the contractor's plant, = i
"~ the assigned document number, a document title, a submittal schedule, a submittal " .. %
.~ "date, and the contractor's letter number under which submittal was made. Bemeath ... ... |
1 this line might appear 3 or 4 other references of correspondence from either the et
-".customer or from the contractor and the code indicating the approval status of that .- .
Line item entry. The standard printouts which were used throughout the program for .- .-
management purposes at North American were (1) the total list, {2) a printout list 3+ . -
by office of prime responsibility of all scheduled data, and (3) a numerical Indepes -1t
- of a1l specifications and reports. In addition, printouts were made of all open i
‘gpproval items by office of primary responsibility and a working list of data T
scheduled for submittal within the next 60 days. Other combinations were issued as = . .°
required. As, an example, in addition to the total list, which was printed and sub= * .
. mitted to the WSPO on a monthly basis, frequently the SPO desired a list of items .- .
. .-which had not as yet been approved. Bocause of thé approval status -coding, by ;
- 7. instruction to the machine, such a list was made readily available. Conversely, . | .-
.. i suppose North American Aviation Management desired a list of items which required -
’31: * Air Force approval,, but had not as yet been submitted, it was extremely simple ‘to
. f coduce that information in a minimum of time. In the years which this system has
. oveen used on the XB~70 contract, the volume of data and related correspondence has . .
. ¢ grown to approximately 17,000 entries. Recently, the machine instructions have been -~
¢ /" taped and the printouts made using a 1401 scries machine. An interesting statistic |
~#% 18 the fact that the increase in volume of entries has been offset by the faster
= printout speed of the 1401 machine, allowing machine costs to remain nearly the .
. pame a8 when the program was started. ’
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&l e. Throughout the development contract of the B~70, it was recognized that

. . instances would arise when the contractor would submit something to the Air Force
=% for his suggestion and/or coordination even though such data was not necessarily

- _ included as part of the contract data requirements. It seemed important that a
<« record of such submittal together with an index of related correspondence be main-
<+ _talned, so as a result, these items were also included in the data status report.
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Wy b

- 2
s P

ori st

" f. .To alleviate communication problems a plan for scheduled technical meetings
between the engineering personnel of the contractor and his subcontractors and Air -3
Force technical personnel was implemented. Such meetings were progressively ‘ -

i scheduled by subsystem, were held at either the contractor or subcontractor's plant

e S

» i
.-or at the system project office - included a minimum of personnel, were accomplished . izﬁ;

~ in one or.two days, were informal in nature, and were conducted no less frequently . . skl
' than every 90 days for each subsystem. At such meeting, preliminary drawing, T
schematics, rough analyses, and concepts were discussed., Questions were asked and ~ _;
e .
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.77 or drawing to fulfill a specific datd requirement came as no surprise to the SFO
. " when it was submitted for approval. Thus the written correspondence problem was - . ;"
., .maintained at a minimum. It is conceivable that had such conferences not been ',.j";’”"w
... conducted, and the exchange of information hed been by correspondence only, tha PN
" current tab listing might contaln not 17,000, but 30,000 entries. e

2. CONCIUSIONS \ | .o Do
4;: every plece of paper submitted by the.contractor to the Air Force as well as from =~ .
" the Air Force to the contractor, and it is segregated by Contract Data Item Number. .:

' The versatility of the etatus report is quite evident. The B-70 Data Management

. program conceived and implemented in 1958-59 is quite similar to the data managemenp
- system currently being implemented by the Air Force. The similarity is evidenced

N B~70 data required by the Air Force is submitted in the format and content normally

answered on the spot., Recommendatlons and/or directions were obtained from Air .

;‘Force technical personnel leading toward the ultimate formal approval of the
-:} applicable subsystem or components therein, as required. The purpose of the design
** reviews was actually two fold: (1) The Air Force was always current in the design .

techniques' being employed by the contractor, and secondly, the contents of a report :

a. Today the B~70 SPO has a status report that contains a reference for nearly

The Air Force and the c0ntractor use the same information to monitor contract datafiﬁf

in three specific areas. . First, the appointment of a data manager within a system . ey
project office is a current requ1rement. However, since the inception of the B-70 A

_ program, there has been one key B-70 system project office person assigned responsi= . -

bility for complete, coordination of B—?O data. Secondly, exhibits prepared by the
B-70 SPO to define éhe contents of end items of data closely xresembles the documents
rrently being implemented, which accomplish the same purpose. And third, the
walver of all data requirements, except thosa set forth by line items in the contract
has become a standard of operation. , - u;g‘
. i 'a,‘ i

b. &Since the B-70 is a development program consisting of two experimental aircraft

with no follow-on operational requirement, and also due to program austerity, B-70 .

data requirements and the distribution therecof is very conservative. Essentlally.all

used by NAA or by NAA subcontractors. Only selected items of data are submitted to
the Air Force consistent with management needs. This procedure does not waive the :
contractor's responsibility for compliance with applicable design and testing re- ¢
quirements and for maintaining on file, recadily available for submittal to the Air '
Force upon request the information from which all data required in applicable

. Bovernment documents has been prepared. The B-70 Data Program has kept the dollar e

investment in engineering data to a minimum. It has precvented the procurement of _
unnecessary data by restricting purchase to valid requirements as they generate. It -
makes readily available any portion of B-70 data prepared by the contractor regardless i
of whether the item is listed in the Contract Data Exhibit. s
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' VII. LOGISTICS
A. BACKGROUND -

Like the  contract and manufacturing effort, the program diroctor
recognized the requirement for the initiation of Logistics Support planning
.at the inception of the Weapon System Program. Tne Acronautical Systems Center
sunport office was established in 1958 utilizing ASC and Hgs AMC personnel who
worked directly with the WADC De velopnent Ingineering pcruonncl in establishing.
the u351gn criteria for training devices, Ground Support Bquipment and the W.S.
"%’ Data, Sparcs and GSE provisioning criteria. As the program progressed, the ASC . -
it Support Office was expanded to asswsae morc of the program management and pro-
‘ ;9'@ visioning efforis with the ARDC personnel doinr less of the management and. more
gk +-w0of the engineering effort. In 1961 the Hgs ANC personnel attached to this SPO
i  f‘ ~© were SAAMA who established a liason within the SPO initially on a coordination .
T end planning basis.. In 1962, the Program Director recognized that under an
4 austere program the AF as well as the contractor could not afford a dupllcatlon
At of peruonnGL.asslgncd the support office for acconw.luhlng essentially the
el same planning effort. He, therefore, ad:lnistratively established a single
., - administration for support office under tiie San Antoinio Logistics Support
Manager utilizing both San Antonio and ..S) SPC personncl to carry out the
KB—/O Support function. This consolidatioa of cifort and personnel resulted
ifi some reduction in personnel/discontinuance of dunlicate efforts and a
closely integrated and rapidly responsive organization to the scveral program
. re-dircctions. At single seb of operatlon;l procedurcs were established as
‘'well as consclidated planning and reportiang systems such that facilities,
Lo - Ground Support Equipment, GFAT and Spaxrcs were projrammed and administered asi.'
s 43 a unit. An outstanding example of the benefits that resalted from this .
; © approach was the planned-provisioning of Ground Support Zguipment and Manu-
.. facturing Aids which could be used during the manu *acturlnb effort and
+transferred with the air vehicle in support of the {ligat test program.. . oo i
Furvher, maxdimum utiligation was accombliched oi existing Government-r *urnished st R
Propcruy throughout the program. . Of particular note was the ability of the el Py
&
1

P, e

R

. Joint ASD/AFLC Office to anL1c1paue manufoacturing difficulties and resultant .«
- program realignments in the provisioniag of spares rcquirements such that - '
SPures were not overprovisioned, confimuration changes were anticipated and
engine suppori requirements werc kept in consonance with the air vehicle pro-.
gram. - The latter was extremely difficult since the engine couvracu with

General Eleciric was independent of the prime contract and yet was dependent

.upon prime contract program progress. Freof of this combined program manage- .
nment effort is illustrated by the fact that ai the time of the 3rd air vehicle ¢ -
termination, the closely monitored lead time from necd date procurement of 1
engine spares resulted in a very small quantity of  excess spares and such

j excess was only in the economical buy category. Consequently, with the cancel-

=" :lation of A/V #3, additional spares procurement were virtually nil during the

.+ first year of flying bocause the delivorec engines plus the austere spares

: prOV131on1nﬂ were adequate for the 2 A/V progran.
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e "al‘ It is quite ev1denu that (aD the excellent support prOV1dcd -
thls complex Research and Development Program could be.projected into the i~
timely transferrence of the Weapon System support from the-development to .
“the Acqulsition phase of the program with no disruption or provisioning .
~delay and (b) that there is no nece531ty for independent ASD/AFLC duplicate
organlzatlbns within a Weapon System if the joint objectives of the AFLG/AFSC
organizations can be accomnllghed by a single office responsible to the Weapon
Systam Dlrccnor. | ST e = S s

i S p A Ve &7
i . g L8

AT - 2. From the inceptlon of 2 Weapon Sysbam Program, loglstlcs functiqn
and reapon51bllltles should be '‘¢stablished at a Deputy Director level within

bech manual. roqulremonts and 1rp11c¢nlons rece;ve nroper consideration durlng

Dephty Director for Logistics organization of the SPO should be 'staffed by
! AFLC personnel from the very beginning. This organization should not be a
j‘Uuottod line" organization on the SPO orranizaticnal chart.. They should be .
*[cona;dered and treated as fullfledged ey mombers of the team. . The Deputy =
Director for Logistics should have cciv.»ol and authority in his field and
sshould not be acting in a liason capuciiy. He should have the ability and the
authorlty to speak for AFLC and answer to ithe Sysiten Program Director. If he

. and the System Prosram Director do noi #-rce on a major area, then this cer-
. tainly is a ques tlon to be resolved au .- Lor“"nuuLo—Conrmnd level since L
- each Command has its rules, regulation: muq‘opcrau11~ proceduras which obvi- '
e ously created the impasse. This Deputy for Locis=izs organization should be
ooi:'. o oaugnented as required by AFSC personncl whencvi: uhiore is newly developed,

k1

g

. AGE requircments. As cach item of¥ AGL confisuration becomes firm for Weapon

LiR logistics tasks. The SPO Deputy Director for Lo isivics would operate under
R . The current austere ASD provisioning exiibits. as cagineering design and
..development progress and subsystem confijurations zre approved to meet the
S0R, the logistics responsibility for trese subsystoems would be transferred
Bk to the particular IM/AMA through tha 381 to cstablich the necessary records
. w - reguired for Air Force operation. 1Tiis iransfer should be on a progressive
. ., basis and not necessar llj associated with an eveat such as category testing.
+ " Thc subsystem configurations not meeting 501 regquirwaents would be listed in
. the AFSC/AFLC Transfer Agrecment and tae logistics rospons sibilities would be
.retained in the SPO until the configuration was approved and acceptable to the
operating Command. This would complet: the SPO logistics operation and the
- £8¥/INs would have all necessary data to fulfill the AFLC logistics respon-
sibility to the operating command. Since AFLIC is primarily in the logistics
" field, then it secms that the bulk of tie lozisties talent should be in AFLC
and the R&D talent in AFSC. I AFLC is to 1nhcr1t the responsibility for
logistics suppori of a weapon system, vhen it nakes scense o have AFLC in the
act .from the very beginning, devoloanv the plans and prouedures that AFLC
must live with to fulfill its responsibility to the operaulng Command.

d

arly design, develOpment, test and nrouacnzon ptases 'of thHe program. . In v;eW"m;-?q
Cof” the Wliimate role of AFLC to prov;;o The Weapon Logistics operation, the ' =~

. complex GFAR for which AFLC has no. experience and wiso to fulfill peculiar <

: System use, AFLC should assume responsibility to comilete all remaining g

S

®

;fthe SPO. * This is essential to insurc-that maintenance, supply, transportatloh,,,;{‘f'
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