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ufecturing Notes Fage Four
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i ADDENDUM TO STAFF HOTES

Following is & brief history of the major assexbly effort and problems encountered
during assembly of XB~-TOA #1 to "Roll-Out® om 11 May 196h4.

XB-TOA 71 - ASSEMBLY HISTORY (TG "ROLL-OUT")

The first schedule, Plan W-l5, dated L«5-60, provided a 19 month Manmufacturing

rajor essembly schedule, beginning in March 1961 and ending in September 1962. 1In
support of,this plan, detall fabrication started in i %1960 and sub-assembly in
Mugust 1969. Subsequently, the V-27R Flan, dated 10-14-60, reduced the Major Assembly
gpen to 15 months, but retailned the 9-23-62 shop completion. Timespans for the
assenbly of the major alrframe sections under the above plan were:

Forward Fuselage

Schedule: 29 weeks from 9=-8-61 through 3-30-52
Actual: 39 weeks from 9-1-61 through 6-1-62

Hajor asseubly started one week ahead of schedule and structure was ready to pre-
mete with the forvard upper intermediate fuselage on 2-23-62. Pre-mate was not
completed wntil 4-27-52. Actual assembly time, excluding the restraint of pre-mate,
was 32 weeks, three weeks longer than schednled.

Forward Upper Intermediate Fuselege

Schedule; 29 weeks fyom T-28-61 through 2-16-62
Actuals 43 weeks from 8-25-61 through G-£2-62

Panel sherteges during eerly 1562, late receipt of Rchr hulkheads and mismatch
proolems with the AVCO sectiom were the principle restraints. The assenbly was

not structurally complete at the time of pre-pate to forward fuselage (vhich required
four weeks instead of one week) and required heavy effort to prepare Ffor mating

t0 gix-pack.

Wing

Schedule: 30 weeks from 10-20-61 through 5-18-62
Actual: 36 weeks from 11-17-61 through T=-27-62

Assenibly effort was minor until early 1962 due 1o undersupport by off-site panels

and Aeronce sections. Heavy effort was required right up to-em—of—t:-hmﬁzg-%c
time of trimming to fuselage stub. When the wings were moved to Site 3 on T-24-62,
dxilling of fold rib remained to be accomplished.

AfL Fuselsage

Schedule: 25 weeks from 8-25-61 through 2-16-62
Actual: 25 weeks from 9-22-61 through 3-16-62

This asseubly was basically & coaventional sheet metal structure. Detall shortages
delsyed in-work.






agmme-so-eslmy‘se Lt
"33 weeks from 10-31-61 thmugh 6-15-62
30 wesks from 10-21-61 through 5-18-62
.33 weeks from 11-3-61 through Ge22-62
22 weks ,f:m 12-15-61 tm-mgh 5-18-62
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- Brigadier General F. J. Ascani
" Deputy Commander/B-T0

‘A r Force Systems Command

Dear Fred,

~and is an excellent management tool. As a matter of fact, the most

;;}on a program.: These are the supervisory people a551gned the responsi-
Ebility for doing the Job

S S L

T %/mj[

NORTH AMERICAN AVIATION, INC. / LOS ANGELES DIVISION

INYERNATIONAL AIRFORT *« LOS ANGELES CAL!FORNH\ 90009 * AREA CODE 213 » ORCHAHD Q- 9!51

TS

Aeronautical Systems Divisicn

Wright-Patterson Alr Force Base, Ohio

A ai_iui siudy ol ine conments_rélating-to the review &I .1lne Menu-
facturing activities at the Palmdale facility has been made. It is

agreed that the use of Control .Centers provides the benefits itemized

effective Control Centers are manned by the most knowledgeab]e pecple

'i?There are a number of working Control Centers currently in use on the
-B- 70 program. Theue cente“s are located in the immediate vicinity of
'the work areas and are uaed for planning and charting the Job require-
;ments, monitoring progreso, and controlling operations. This planning -
information 18 displayed for use by  program management and the responsi- =
" ble supervisor.- For examole each Hanufacturing General Supervisor has

] .control center for his. department They are used to hold meetings .
with the department supe“visors, together with related supporting -

personnel and Alr Force personnel -as required This is in addition to _ ’
; "ﬂgular‘once a week meeting to revieu and dlscuss plans and progress.'f

'g,The Manufaeturing Control & Plannlng Department is respon51b1e for
"deVeloping ‘the manufacturing schedule and’ subsequently assuring that

allTof these individual plans and actlvities support the plan. - Charts, e

B TO Council and B-T0 Superintendents meetingu._ In' addition to these
and other meetings the data provides a common basis’ of informationrf'
' status reviews‘and ‘vis itﬂ G e

oy I,

roblem nformation ieports for Management
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Al Eﬁgineéring and Qﬁality Control activities, in addition to Manu-
facturing s, are tracked in these reports which are prepared for the
time the items are critical to the pacing of the program bl v .

'PTéVibusiy a'centralizéd cdntrol céntef waa'used'on the B TO program.
It was found that updating of the charts lagged nbout a week and did
not provide the tool needed by Management to control the program.

The only purpose it served was the Customer could review all the data
in one area and that a Control Center was being used by the Contractor.

.-

The centralized Control Center gave way to the 1nd1vidual centers

~ located adjacent to the work area. With both the data and the people
responsible for the task in the same location, it is possible to re-
plan’ and/or resequence operations quickly. The timeliness of date is
“‘enhanced in this manner since the responsible supervisor, in using the
Control Center as a work area, updates the charts on an hourly or deily
ibasis All these lead to fast reaponSe when 1nformation 19 required

JEe

th mmst effective conirnl is through the use of individual working
1 :

r4ova

’EXchf1Ve-Vice Iﬁeaident_
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— NORTH AMERICAN AVIATION, INC.

LOS ANGELES DIVISION

INTER-OFFICE LETIERS ONLY ClR=61-8-0
10 G, Strek and H. E. Haxrds S T * 251
. W. A. Spivak - 56 =
PHONE 16652 DATE Aug&??ﬂ“?S, :'-:51;6_1
SUBJECT A Feviswy of XB“TO Alyframs Congtruchion

Monufacturing depaviments kave yvecenlly coapleted the XB-T0 ALY
Intermedints Fuseloge Test Spoclimen end ars now neesling completion

of the ALt Fuselage Test Spacimén. Theze two spscimsns yopresent
many pontns of sebivily ca e pre-producticn besis between Henufactur-
ing, Inspection, Tooling end Enginseving.

Certain discrerant modue oreranidi bave gecurwed, which, 1f continved
into the Alr Vehicle #i sivframe ssgerbly now under way ot Falmdale,
can cnly lzad b0 e catogtroshde xesult of an wnflyebls oldyfyexe from
8 stzuctuzal integrity atondroint.

The pressure of mesbting schedule above ell elge hes led Manulfacturing
imto performing overablons ot of saguencs, o withoul proper
dilnsngicnel control and without apmeising Inspecticn or Enginsering
of the sltuaticn before the completion of the obvicusly exransous
opsration. In certain cases, the end resuld is an wmusahle product
which must sceshow bs exbamsively salvaszed by Enginesring or scrapped
end rsbuils.

In practically all coses & knoviedse of the situation to coneermnsed
rartles befors the start of aa operation, would lead to & satisfectory
golution of the problem with & mindman cmount of corrective effort
expanded, ae wall s the leest delsy io overall scheduls,

Enginsering has releasad a design with clozse dimenaional tolerxances
thelt does not allov sppreciable devieiions and s%111 be acceptable.
In fact the perfoamance to dote by Meonfoctioing on dsviations fram
dimensions genevelly is the cotepory of paris being unusoble s
fabricated. During the design period; mony jolnt confevences betwesn
Frpivsering, Manufacturing end Tooling, vesulied in esteblishing
apgembly soquences which tecame the basie for design, and oft times
intinencad the design of copensmte ond joints fox removed fyom the
point ot hand. This drhervent festure of following ypra-vlarmed :
sequence commot be meglected durdng the mermfecturing phass. It is
also obvious that post methods of Tool desipn and construction which
barely met previcus lcose Enginsering tolerances gre outmodsd by the
close dimgnaicnel contyol requived for a quality ¥8-70 sirfrems.

v
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A Revia

It is impmrative that:

-

§

G, Steoh ond 1. EB. Uoyris

of XB-70 Airfyone Constructh

August 23, 1961
ticn Page Two

(p) Manufpcturing nust be certain that adeguate

and sccurste dimspsionel combrolled toollng is avellabls to do the job

Dw-oyc.fl;y, (b) Inspection muct sctively participate In all steges of
deteil and ssseubly seguence to see that proper quslity is achisved befors

snccc.@di;.g operations cxe. pe'r*fmmm,, end (c) Engineering must be mede

vuare Of any discrépenciss

L the fitbing stags, with a canplete and

accurete assesumeadl of d:imsm:mml mismetche, etc., being sugnlled by

Inspection.
domegz lg dove.

Coxvective sction can then be instipated befors unsalvagea‘ble
Tae immediste schedule mey be jeopardized locally for

eorrective octicn, bub thls will heve for less effect on the overall
schedule complstlion thon foilure o obasrve thase yrolnts.

Engineering hes eszigned lisigon enginesrs to work vith Menufecturing,
Inspection, snd Toollng to expedite

on. sch-e@.ule 5

the cauplatlon of & uv=able air vehicle

Thesa enpginsers axe egpeclally provided to help break the

schedulz bottlegscks resulting fron the Insviteble errors occurzing fron

the expedited Meaufacturdng, Tooling and Engineesdngs opsreticns. They can

act mogt effectively if assessed of erroneous sltunticons at the time of
oceurzence ond not ot the conelusion of an opsraticon.

Foliowing are a few cerefully considered mccm@naatiﬂm that must be
implemsnied in order o assure & successful progrem:

)

O

2.

Toﬂlir_g end teel dnopactlon must be Improved. A re-check off
all tools pricyr to imvork of Afv rarts must be nmaede. The
Topling Deparizzent mmust rﬂviw speclific minimal tools for
the addition of location lines, txim lines, eic., tc assiot

Honufacturing.

Inspection of detall Tobydeaticn must be tighitensd izrénediately,

In-process ingpection in the asggsmbly devswtments must be
ingtituted to a greater extent than at the present time. The
various steps involved in processing for welding operntions
must be carefully scrubinized and evoluated prior to starting

each subseguent ghep.

Ot of sequence assambly of perts or sub-assemblies should
we the concurrence of Foginseripg prior to instigation.

Special emphosis must be pleced on the ever present posaslibildty

of honzycond fece skeet o

core band sgparetion. Every

crerstion should be closely annlyzsd to deteraine its effect om

core to face cheed bonding.

Tt should be pointed out that no

savisfactory repalr has been develored to repair core to face

sheat bond fallure.

1‘\&
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G. Stroh and U, E. laryis Avgust 23, 1861
A PRevigouw of XB-T7C Airframe Copnstructlon Pege Thres
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A1l weld miswabeh probleme must be evnlucted and a disposition
made prior to a weld cperaticn, Discuszzlon in sdvarce could
dafire ceceepiobls metbods that pay be zpplied to corract
nismatch conditions before en izvepaireble asseaibly 1s produced.

Selected expert menual weldsrs should te trairned end made
evailable to perfomm oll of The corner closeoub welding
necegsary to finish mochine welded agsemblies. A medioccre
Tinish weldinp performsnce can cbviate all of the preceding
machine welded seguences.

Ceveful bendling and the use of protective covers fopr thin
honsycord panels must be enforcad by Menufncturing rerscrmel
throughout the assenbly sequence to prevent needless damsge
that has olready occurzad on mejor test epecimens.

Enphesis showld be placed on the premise thet o shoxt delsy to
evalunte and solve o known problsm is preferebls to the long
time deley resuliing cfiler the problsm has been carrisd to en
exrronsous caupletlon steps,

The success of hoosyeond sendvich comstruction end the campletion
of the XB.TO ajxlrame xeshts on the chssrvance of these recomendations.

®
‘Y. VT
—
V. A, Spivak

Aogistant Chief Engivecr
Deelgn

VAS:RIE:ech

de: W. Seelliing, D/97

J. Jones, D/SH
V. Swanson, D/56
R. Kemg, D/56

AR
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J. B-70 Report

1. Introduction - W. F. Swanson

There have been, as you know, a good many fallouts from the B-70
program including over 800 patent disclosures. One of the valuable fallouts
has been the development of new management tools.

Let me mention briefly some items of interest with respect to the
RS-70. Since last February, there have been many studies on this program
which have been submitted, summarized, and presented to appropriate
organizations. There have been many benefits from this study effort,

{Mr. Swanson described the various exercises and discussions on the
RS-70 program, and then presented a film showing assembly progression on
the XB-70. )

2. B-70 Engineering Report - W, A. Spivak

In discussing B~70 engineering activities, I would like first of all to
review some of the background and history of the program, then review
(_, briefly the pre-flight and flight test picture, and finally comment on the
. impact of the RS-70 on the future.

In November of 1955, a study was initiated on the air vehicle and
bomb-nav systems. Two years later we won the competition for the System
110 and entered the first phase of the program on a weapon system basis.
Eventually, following two redirections and one reduction of the program, we
have arrived at the point where the first flight of the XB-70 will take place
in December this year. The XB-70 is intended to demonstrate the feasibility
of Mach 3 sustained flight and the operations of a bomb-nav system in a high
performance air vehicle.

Our engineering activities have been oriented to three phases, the
preliminary phase, the design phase, and the flight test phase (see chart
"Engineering Activities'). As of this date we have completed the design
phase and are just entering the flight test phase,

It took us over three years and almost 11 million engineering hours to
reach the point of basic release. By the time first flight occurs, over 17
rnillion engineering hours will have been expended. A further indication of the
magnitude of the engineering effort may be seen from the amount of engineering
paper that was generated. From the beginning of the program to date, there
have been over 20, 000 new drawings, almost 18, 000 changed drawings, and
(.' about 59, 000 engineering orders.

v i
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Engineering costs to first flight amount to about a quarter of a
billion dollars, 60% of which represents money spent directly by engineering.
At the start of the program we had difficulty in controlling the dollars spent
in support of engineering by other functions such as manufacturing and quality
control. Today, however, we have better accounts and controls established
and can keep a pretty close watch on how the dollars are being spent.

The engineering labor costs can be broken down by function (see
chart ""Engineering Labor Costs to First Flight-Breakdown by Functions'').
Each of these functions made vital contributions to the overall engineering
effort. For example, the Structures Group developed a completely new
concept of structural analyses resulting in one of the finest structural
analyses programs in the world today. The laboratory developed all the new
processes necessary to build the plane such as brazing, welding, etc. Many
hundreds of inventions emanated from the lab. The Mechanical and Propulsion
Systems Group developed new mechanical systems and mechanical seals, The
Components Group came up with a new concept of making lines. The
Electrical and Electronlc Group devised the automatic wire list which has
been very successful. The Technical Section was mainly responsible for our
winning the System 110 competition and continues to develop new technical
achievements, The Project Group fits all of the various elements of the
program into one integral unit, Flight Test did outstanding work in instru-
mentation design and instrumentation, Incidentally, we are now negotiating
an agreement amounting to about 50 million dollars for the flight test program,

Turning now to the pre-flight and flight test picture, the ship is
scheduled for completion by the end of November. After 23 days of checking
it out, the first flight is scheduled for December 21. Our schedule then calls
for more flights and more checking and testing over a period of months until
we finally reach the performance requirements of the program. (See charts
"XB-70 No. 1 Pre-Flight Program'' and '""XB-70 No. 1 Initial Flight Program'’),

Turning now to the impact an RS-70 program would have on engineering,
by the end of 1963 we would increase our engineering manpower to 4050
employees, an increase of 2350 employees over our present work force, The
engineering force would be engaged in part on the XB-70 until it phased out
early in 1966 and would drop off gradually as the RS-70 program progressed.

Requirements for engineers in building to our peak of manpower within
eight months would be reflected in every function within engineering. As far
as time is concerned, we estimate that a total of 18 months would be required

from the re-start of engineering activity to the point of basic release of the
RS-70.
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ENGINEERING ACTIVITIES

PRELIMINARY PHASE

CONFIGURATION DESIGNERS
CONFIGURATION ANALYSTS

AERODYNARICISTS
RESEARCH ENGINEERS
OPERATIONS ANALYSTS
RISSION ANALYSTS

&)

DESIGN PHASE

DETAIL DESIGNERS-STRUCTURES,
ELECT, HYD, FUEL, PROPULSION
ESCAPE, ETC. |
IL DRAFTSHMEN
ALYSTS
ANALYSTS
ENGINEERS
LABORATORY TECHNICIANS

| MODEL DESIGNERS
FLIGHT TEST PHASE RELIABILITY ENGINEERS
INSTRUMENTATION DESIGNERS COMPUTING ENGINEERS

DATA ANALYSTS

FLIGHT TEST ENGINEERS |
FLIGHT CREWS 53% HAVE DEGREES
MAINTENANCE CREWS | |

HORTH AMERICAN AVIATION, INC. ~- REPORT HO. NA-62-1026 @
: - SECTIOH XA
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ENGINEERING LABOR COSTS TO FIRST FLIGHT
BREAKDOWN BY FUNCTION

TOTAL - $151,767, 000

MECHANICAL ¢
PROPULSION 24,873,000

ELECTRICAL ¢
ELECTRONIC
$17,914,000

570

PROJECT
$1,107,000

TECHNICAL $15,546,000

FLIGHT TEST $4,590,000

STRUCTURES $30,946,000

LABORATORY SUPPORT
$27,843,000

COMPONENTS
$22,948,000

HORTH AMERICAN AVIATION, INC. REPORT HO. NA-62-1026 @
SECTION XA

wS5.33.9305 |
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FOR RELEASE MONDAY, MAY 11, 1964

XB-70 WELDING

LOS ANGELES, CALIF.,

Welding developments in two major areas added to the advanced manu-

facturing technology for the XB-70. For greater strength, fusion welding replaced

riveted fastening traditionally used in aircraft. New resistance welding tech-
niques and tools made possible the fabrication of welded corrugated sandwich
structures for such areas as the engine shroud.

The vast amount of welding, plus the need to maintain close tolerances,
led to improved welding techniques. For example, more than 19,000 feet of fuel-
tight fusion welding was required on the XB-70. Automatic machines do the Job
faster and more accurately than human welders.

For circumferential and longitudinal welds in small-clearance areas, a new
boom-type welding machine used closed-circuit television to allow visual
monitoring of the weld area.

To facilitate overhead welding, an oscillating device was developed to move
the weld head transversely to carriage travel. The result is a more uniform
weld deposit.

A North American-developed roll planisher runs a hard steel wheel over seam
welds on sheet steel with up to 19,000 pounds pressure to remove shrinkage and

improve the weld.

(more)

1]
g
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Because localized heat can warp the high strength steel fuseiage carry-
through frames out of shape, the coqcept of welding at elevated temperatures
was developed. Before welding, parts are heated to about 600° F.

Resistance welding equipment devel oped for the XB-70 program handles
panels up to 15 x 20 feet. New techniques made it possible to produce & variety
of odd-shaped panels, as well as flat single and double panels. Tapered and
converging panels and contoured double corrugated panels are among those that
have been successfully fabricated.

To ensure the integrity of welds, & new in-motion x-ray inspection technique
was used. Continuous exposure of strip film at speeds up to 24 inchés per minute
made the method fast and economical. Specialized shielding methods were

developed to shield x-rays and reduce radiation to a safe level.

#HER

050764
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XB-T0 MANUFACTURLNG

Designers of tomorrow's triplesonic aircraft have taken a lesson
from the honey bee to solve a problem as old es Greek mythology.

Since the legendary Icarus flew too glose to the sun, melting the
wax that held feathers on his wings, heat has caused problems for the
builders of aireraft. In the case of the triplesonic XB-TO being built
for the Air Force at North American Aviation's Los Angeles Division,
temperatures expected at its crulsing speed of 2000 mph required develop-
ment of an entirely new family of aircraft metals and methodes of putting
them together.

| Conventional metals such as aluminum that have been used for years
lose their strength at temperatures twice that of a cooking oven expected
at sustained Mach 3 flight.

Production of the triplesonic alrplane was made possible as a
result of a North American manufacturing development program that scheduled
invention of practical and economical production techniques.

No readily obtainable metal except steel offered the necessary
resistance to the expected 600 degree heat, but its weight - compared to
aluminum - made it unattractive as a basic aircraft material. To save

weight, sheets of steel as thin as paper were used to sandwich steel core





built in tiny cells like a bee's honeycomb. When properly brazed, the

material is almost as strong as a solid slab of steel and many times lighter.

In addition, it helps insulate the interior of the alrplane.

Forming this new material in the many intricate shapes required
for aircraft production and jJoining it together called for development of
new machines and tools. One such machine can take a sheet of steel 16
feet wide and turn over a lip as small as 12 thousandths of an inch. To
demonstrate the machine's sensitivity, operators once sliced a piece of
cigarette package cellophane. Another, a roll planisher, can exert from
zero to 19,000 pounds pressure on a welded seam, flattening it out so
smoothly the two Jolned pleces look like one continuous sheet.

The production cycle required that some parts he formed under
heat approaching 1200 degrees, Fahrenhlte, then chilled to sub-zero
temperatures. These hot and cold sizing developments, along with progress
in honeycomb sandwich fabrication, won a medal for North American from
the American Soclety for Metals.

Covering 28 separate research projects, the Manufacturing Develop-
ment Program placed inventlion on a scheduled basis while emphasizing
economic fabrication processes as well.

A method of brazing couplings for fluld lines Iin place of the
conventlional threaded joints was borrowed from the X-15 research program
and resulted in a weight saving of 1008 pounds on a single XB-TO.

To inspect honeycomb panels after they are finished, one device
used was an ultra-sonic method that works like the Navy's sonar device
for locating submerged objects. The result is a permanent visible record
which shows every hairline of honeycomb core and glaringly polnts up any

areas that have not been properly manufactured.
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STRUCTURAL DESIGN OF THE XBE-70

The purpose of this paper is to present the struétural design
concept of the XB-TO airframe, the basic design criteris, and the
analytical approach used in the development of the structural éonfigura-
tion. Included 1s a presentation of the general flight conditions,
the methods employed in the calculation of internal load distributionﬁ
and influence coefficients by elastic analysis, and the stress analysi;'
approach. The theoretical optimization which led to PH 15-T Mo brazed
steel honeycomb 1s discussed, along with some of the developmental
problems encountered in panel design and fabrication. The welding
techniques which have been evolved are included, aslong with representa-
tive illustrations of the s8tructural detells of the major airframe
components. A summary of the structural test program, involving 28
major test specimens, 1s also presented.

CONFIGURATION

The XB-T0O structural development program began back in 1955, with
the design requirements established generally by the mission profile, as
glven in‘terms of speed, altitude and temperatures of the flight missions.
Numerous parametric configuration studies were conducted dur@ng the first
few yeers, along with research and development programs in the utiliiation
aend processing of various advanced materials, such as titanium, 157
precipitetion-hardened steels, H-1l steel, etc. In this design period
we have, in essence, moved along from the materials and processes
laboratory to the production line. While many of the details of weight,

performance, and febrication are still highly classified, it is possible
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/ at this time to present a fairly comprehensive picture of many of the advances in

"state~of-the-art", such as in aerodynamics, thermodynamics and structures, which
have made this airplane unigue.

The first chart shows a perapective drawing of the airplane, indicating

the materials and structural configurations which we use,

rThe configuration itself reflects the requirements of supersonic cruise: in
the details of the inlet duct, its relationship to and the design of the delta
wing, the folding wing tip, and the canard configuration. With the use of
aluminum precluded because of the extremely high temperatures encountered at
Mach 3 flight, the airframe structure is composed primarily of PH 15-7 stedl,
generally in the form of brazed honeycomb sandwich, In the non-fuel areas,
titenium ia the primary materisl. For specific design problems, and in the
interests of minimum weight consistent with structural integrity and the

temperature environment, a considerable amount of H-11l and Rene' 41 is also utilized,

Starting with fhe noge section, we have a vibrin laminated radomé, housing
the radar and electronic gear, The forward section of the fuselage is ti;anium
with g conventional structural configuration of skin, stringers and spar caps,
all riveted together. Thia sectlon houses the crew compaftment and the equipment
bay., Titanium plate is also used in the canard main box and canard flap, with
internal corrugated spars of titanium in both the horizontal and vertical
surfaces, Rene' 41 is used in the engine cohpartment because of the exceptionélly
high requirements of temperature and strength., The remainder of the.structure,
totaling more than half the air vehicle weight, is the 13-7 brazed steel honey~ N
comb aandwiph, with panels welded togefher. Fuel is contained in eleven internal,_
integral compartments. Insulation is largely provided by the honeycomb itself, -

with the fuel as the primary heat sink, supplemented with water. Many of the

[





dztalls such as the wing fold design, remain classified and therefore cannot be

discussed at this time,

DESION CONDITIONS

Boginning with the design criteria, the airframe strugtural loads were
sbtain@d or all anticipated f£1light conditiona, refleacting all combinations of
altitude, spsed, maneuver, gust, and load factors. All potential conditions,
including the various wing tip, nose ramp, and CG positions, numerous weight
condiéions and 15 Mach numbers and 14 altitudes were surveyed. Of these
numerous possible combinations, approximetely 250 potentially critical design

£light conditions were investigated in detail,

The camber-type deflections cf the thin delta shaped wing introduced a
significant factor into the aercelastic effects. To evaluate these, a portrayal
of the structural deflections under load was required and was calculated as
influence coefficlents. Such data were calculated for all structural components
of the aircreft including the effect of wing tip interaction, which were then
tied together to represent deflection characteristics of the complete airframe.
In addition to these structural influence coefficients, aerodynamic influence
Eoefficignts weré also necessary because of the slope-to-wind pressure changes
on various sections of the structure, and the requirements of airplane balance

under all forces, both static and dynamic,

To accomplish this, the delta wing was diced into 95 grids. For the aero-~
elastic effects, a direct converging solution was obtained, requiring no iter-
ation, with the resulting incremental flexibility effect superimposed upon the -
rigid body air vehicle data, To select the critical desigﬁ conditions a parametric

form of load analysis was used with cross plotting of the effects of speed,

i






altitude, load facto;, CG position, weight, gusts and maneuvers, Critical loads

were then obtained for each component,

For critical ground conditiona,.the mil spec 5700 and ANC-2 criteria were
used, with a maximum sink rate of 8 ft, per sec, Because of the possible inter-
action between the long, overhanging, flexible fuselage and the gear, from the
standpoint of natural frequency, a dynamic analysis was also required for the
ground conditions, Both an IBM digital and analog program were used, witﬁ portions
of the fuselage consequently being designed to stiffness requirements rather than
strength., The program has 8 degrees of freedom including five structural modes,
end includes the nonlinear gear effects, plus the loss of 11ft at high angle of

attack let~-down,

In addition to the forward fuselage, sections of the vertical and canard
surfaces are alsé designed to meet stiffness criteria, The requirements for
these aerodynamic surfaces are established to preclude high-q flutter. The
structural support areas for both the nose and the gain gear are critical for
ground conditions: spin-up, turning, and braked-roll. The remaining portions
of the airframe, representing most of the major structural components, are
designed for strength, and are critical for various conditions generally in the
t ransonic, high-q f£1ight regime,  Fortunately, the combination of maximum tempera-
ture and maximum load do not occur simultaneously except in the duct area and 13
the engine compartment. The design of many details was determined by requirements

to prevent panel flutter and, in the vicinity of the engine, by the acoustic

enviromment,

ELASTIC ANALYSIS

Because of the relatively flexible structural configuration due to the

large size of the XB-70, the high material allowables used, the low load factors,





)

and also due to the integrated complex assembly, an elastic analysis was considered
mandatory in order to determine the distributions of internal loads and the
strﬁctural influence coefficients, Because of the multitude of potentially
critical conditions wﬁich had to be investigated, high apeed computntipn was also
necessary, The airframe was therefore divided into five aéctionlz the forward
fuseiage, noteworthy for the complex, rapidly changing sections, the windahield,
and cutouts for hatches and doors; the horizontal surface, with extremely large
overhang, so thin it approximates a rezor blade dimensionally; the yertical
surfaces, pivoting about a slanted axis; the folding wing tip, almost as large
itsélf as the B~38 wing and including the complexities of wing-fold interaction;
and finally the main integrated-fuselage~and-fixed-wing section. All components
are tied to this latter section. The elastic analysis of this section itself
numbers approximately 1600 redundants, Approximately 2300 redundants are used

for the entire airframe,

The steps involved in the elastic analysis are the idealization of the
structure, a redundant analysis for the varicus sections for the unknown internal
loads, and finally, the determination of the values of the unknowns on the basis
of the-minimum energy distribution of intermal loads throughout the structure,
The strain energy equation includes energies under shear, axial, bending, and
torque loads, both known and unknown, upen all members, The resulting internal
loads data are used for the stress analysis of all structural members, The
requirement for accuracy is obvious because of the complexity and redundancy of
the structure, and because we could not afford the luxury of overlapping

assumptions due to the weight penalty.

As an adjunct .to the internal loads program, the structural deflection data,

or influence coefficlents, are also obtained, These data are used for the
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aerolastic load distributions, the aerostability calculations for the air
vehicle, and flutter and vibration structural analyses, Because of the
importance of accuracy here also, nuﬁerous checks were written into the progranm,
and the calculated results also carefully evaluated to insure the validity of the
resulte., Influence coefficients were obtained for all components for a total of
254 points: for tips in various positions, flaps up and down, skins buckled and
unbuckled, and for both the CG and wing apex points, These coefficients are
required to have the mathematical consistency of real structure, Presentinglan
idea of the approximate size of this portion of the job, one set of inilgence

coefficients totals 1,500,000 numbers, each one to eight significant figures,

STRESS ANALYSIS

With the determination of the internal loads upon all skin, panel, stringer,
longeron and frame members from the internal loads program, the stress analysis
proceeds in the conventional manner. @f great importance in the B-70 structural
design has been the stability equation. The significance of the “b/t" ratio,
{spacing divided by thickngss) played a major role, for in the pursuit of Bt:uctural
efficiency, it led to the development of the brazed steel honeycomb sandwich and
corrugateg spar web configurations, Shown is a chart of allowable versus "b/t'",
with the sharp drop at the knee of the curve determining the optimal divisional

relationship between skin thickness and core slze, and also between sandwich

panel thickness and spar spacing.

The development of corrugated spars and ribs has likew;ae.been essential
in obtaining a minimum weight configuration for shear webs and panel supporting
structure, These have been used extensively throughout the airframe, the materialg.

being both titanium and steel. The relationship of corrugation thickness and





radius were based upon semi-empirical requirements to prevent both qual and general

instability,

Rounding out the structural analysis in conventional manner were the mano;'ﬁ?gm
© coque construction in the forward fuselage and the mahy tiftingl invol;ins H=-11,
AM-338, etc, This stress analysis portion o& the Jbb 1nvo}veﬁ npproximltoly_ .
10,000 drawiﬁgs, representing approximately 120,000 lbs, of structure, each one
designed as closely as possible for an optimum compromise between required

structural integrity, stiffness, and minimum weight,

OPTIMUM STRUCTURAL CONFIGURATION

With these load data, and the temperature environment of the atrﬁcturo, tﬁﬂ-
first step in design is naturally the selection éf materials. From charts
similar to those shown; it becomes obvious that steel and titanium, in the
general temperature range of the airframe, and Rene' 41 in the extremely hot
engine area, are the optimum selections, Continued snalysis, with proper c&n-f
sideration of the loading intensity in various areas, indicated that steel
sandwich would be the most efficient in the lightly loaded regions, and titanium
pl;te in the high intensity regions. Curves such as these stem directly from
the stability parameter of b/t, as shown previously, O©Of course with present
knowledgé in sandwich construction, titanium sandwich would undoubtedly be -
Btrongly competitive with'the braced steel honeycomb in the lightly loaded areas,
However, in view of the "state-of-the-art' several years ago, coupled with the
requirements for integrally welded fuel tank compartments, the 15-7 steel hogeycomb
sandwich was selected for most of the gtrdctural areas, Additional benefits
were derived from the fact that the honeycomb core offers excellent insulation

characteristics, Because of the very high loading of the very thin canard surface,

however, with no requirement for fuel containment, titanium plate, as indicated

Coa i
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on the chart, was selected and is used in this area as the most efficient

type of structure,

During the optimization of the structural configuration, corrugation sand-
wich was also investigated, However, in view of the advantageous biaxial load
capability of honeycomb for both local and general instability, the latter was

selected as being generally the more optimum,

Because we were designing a bomber which operates at a relatively low load
factor or, in other words, one which is always operating at a fairly high
percentage of its maximum design capabilities, as is a fighter aircraft, and also
because of the considerable service life desired in terms of flight hours, the
desire to minimize weight had to be tempered by the need for materials with
moderate ductility. As shown on the chart, examination of various materials
under repeated tension stresses indicated various critical crack lengths, in
terms of stress ratic, The highest heat~treat méterial, obviously provided the
ninimum weight, however, its brittleness resulted in undesirablé characteristics
of crack propagatioﬂ were any defect in manufacture or service damage to initiate
a crack. As a consequence, curve 'C', representing PH 15-7 Mo (RH-1050), was

selected, with a corresponding increase in design weight.

BRAZED STEEL HONEYCOMB

As used on the XB-70, brazed steel honeycomb varies in thickness from 6
mil, to .060, the latter representing loads-per-inch of approximately.20,000 lbs,
compression, Sandwich thickness and the spacing of spars and frames are varied
to suit the structural requirements, |

The brazing process of the honeycomb sandwich is combined with the heat
treatment of the steel skins,. It is also desired that the brazing alloy, whose
Pr;mary purpose is to attach the honeycomb core to the skin, flow down on the

core nodes, Btructural tests showsed that a significant improvement in stremgth
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was derived with this node-flow process, However, these tests also showed
that the brazing alloy, as an excellent conductor, also sharply reduced the

insulation characteristica of the honeycomb sandwich,

The next chart shows schematically the detaila of the'honeydomhllandwich:
thg skins, tapered and padded to meet edge attachment requirements and minimum
panel thickneass requirements, with core sandwiched between. The core is machined
to accommodate the skin pads. Denaified core ig used in high load areas and

Joints, with the sections of core spot-welded together prior to bracing.

Brazed honeycomb sandwich represents about one-half of the sirframe weight,
amounting to approximately 20,000 sq. ft. The largest panel sizes are 10 x 17‘ ‘
and 20 x § ft, Approximately 25% of the panels are perfectly flat, 65% are single
contoured and 10% are double contoured,
WELDING

Since the XB-70 has literally miles of welding as the primary means of
attachment of member to member and component to component, wélding has been an
area df major development. In the deaigh phase, the reduced material propoftiea
in the heat affected zone plus the unsupported welding area dictated ﬁeavy
pads, ! The shrinkage in welding which has plagued the welding industry since its
1ncoption; neceassitated agressive developments to overcome the obstacles presented.
The chart represzents one of the common wpld attachments wherein access is from
one side only. Where accese 18 provided from both skins; simultaneous -welding
precludes differential shrinkage distortion and/or residual strasseé due tb
structural restraints, Where accags is from one side only however, a kay-holé

operation 18 used. The first step is the welding of the inner skin. Then the

close-out weld of the upper skin is made and as a final step, & heat pass of the

v
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lower weld. This, theoretically balances out the shrinkages. The diagram is of
course schematic. In actual practice, such weld joints were monitored with

strain gaging and involved numerous intermediate heat pass operations to assure

a satisfactory assembly,

AIRFRAME DETAILS

The next series of charts depict mome of the cross-sections apd components
of the airframe structure. The first chart is a section of the crew compartment,
showing the transpiration wall and insulation contiguration; .Thil structure |
is composed of titanium skins and frames and insulation material, There is a
dead alr space with a floating transpiration wall of aluminum with numerous small
air holes. The concept is for the air, as it leaves the crew compa;tment with
its shirt-sleeve temperature environment of approximately 80° F, to pass through
the transpiration wall and act as a heat barrier between the cockpit and the
outisde temperature., This air therefore picks up additional heat on its way to
the environmenfal package, where it is subsequently cooled, The broceas ie

performed in a continuous cycle. An an interesting sidelight, the environmental

COntrdl system 13 sufficiently large to (semi-humorous analogy)

The next chart is a section of the wing ahoﬁing its delta shape, the wing
fold linés and the elevons at the trailing edge, The structure is brazed
steel honeycomb, full depth at the lead;ng end trailing edges, and sandwich
panels in the main box, Bpara are corrusatad.welded stainless steel. Fuel is
contained in the inboard section of the wing., The next chart shows l§mo o!lthe
wing details, Here we Aave the corrugated steel spars, burﬁ-down welds, and

attached to 'rails' which had previously been welded to pads on the .inner skin,

This corrugated design for shear panels, as-used throughdut the B-70 in both
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titanium and steel, has been proven by test to be extremely efficient from the
:tapdpoint of weight and atrength. Where neceasary, fuel transfer holes are

cut into the lparﬁ. The leading edge joint has a mechanical attachment between
the full-depth leading edge and the panelized box sections, Elevon actuators

are housed in compartments with removable honoycomb_doorl. The specially designed
winj-rold ac?uator- attach the inboard and outboard wings to AM 355 steel castings,
which have proven their ability to accommodate intricate shapes and highly
concentrated loads, while yet providing for a very efficient design., These

fittings are stress checked to 200,000 psi,

The horizontal stabilizer is extremely thin, with a larﬁe overhang both
forward and aft of the center section. Steel honeycomb leading and trailing
edges are used, with titanium plate box sections composed of tapered skins riveted
to the welded corrugated titanium spars. The use of titanium here in the gsin
bending section was found to be more efficient than steel sandwich because of
the high load intensity due to the thinness of the structure, as shown on the\

earlier configuration-efficiency chart.

- The vertical stabilizer reverts again to brazed steel honeycomb sandwich,
However, since no fuel is contained, the titanium corrugatéd sparts are again

used with fastening rivets attached directly through the honeycomb panels into

the spar caps,

This next chart is a section of the intermediate fuselage, showing the
problems of fuel contaimment, ducting and the structural arrangement for wing
carry-through loads, while yet providing'for secondary air flow, Bpazéd honey- -

comb panels are used primarily, with H-11 truss-tubes in the secondary duct
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area, All joints are welded,

The aft fuselage is a conglomeration of materials and configurations
because of its unique problems, Here we have H~1ll fittings and Rene' 41
divider panels, skins and frames because of the severe temperature problem in
the vicinity of the engine. Brazed steel honeycomb sandwich skins and frames.
are also used in the wing stub area, and titanium skins in the side panels, fo}

structural efficiency where temperatures are less severe,

STRUCTURAL TESTS

This final chart sho&s the major component test specimens which were
tested during the XB-70 program, While no complete siétic article was funded,
a8 sufficient coverage of the structure was obtained through such tests to eathbligh
verfication of load and stress distribution, to verify the structural integrity
and the methods of repair used on the airframe. In addition the very large
specimens provided an opportunity for manufacturing knowhow to bé obtained prior
10 the mir vehicle fabrication. 1In addition to these large speéiﬁoﬂl, basic
allowables were ohtained on the many unique material and design configuratiénﬂ.
The total numbar of test apecimens exceeded 6,000, ranging from small details to

the large, complex assemblies shown,

As might be expected, a cartain amount of premature failures were obtained,
in some instances, resulting in epecimen and air vehicle redesign. In general,

the structural teat program has patisfactorily been completed.

The flight test program of the #1 airplane includes the continuous moniter-
ing of several hundred strain gage points, Data obtained from such instrumentation,

are being correlated with design data as well as the flight parameters, to provide

a safe build-up speed and maneuver of the flying prototype air vehicle.
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