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This is the Sixth Annual Forecast of Trends and Requirements 

prepared by the Aerospace Industries Association for distri­

bution to the Department of Defense, other government agencies, 

and industries serving the aerospace complex. The report is 

based on information supplied by the various AIA member 

companies and was compiled by the Research and Testing 

Committee, and by the Manufacturing Equipment, Tooling, and 

Test Committees. 
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I N TR ODUCTI ON 

The advance of inter national sci cntlfic capability requires that the 
United States acceler ate r esearch and deve lopment in weapon and space 
system technology. The 1\IA t echnical commi ttees , representing the 
aerospace industry , have assmned the r espons ibi 1i ty of forecasting some 
of the t echnical r equirements which mus t be met in the near future by 
materials, systems and methods. 

The Annual Forecast Report compiles the best op1n1ons of the available 
industry sources. TI1es e are presented to encourage the direction of 
research and development studi es t m-1ard ends which will best serve the 
aerospace industry, our def ense effort , and t he community at largee 

Previous issues of th i s report have consisted of written text briefly 
reviewing the five-year and t en-year forecasts of trends and require­
ments. The 1959 forecast incorporat es changes in format and presents 
in graph ical form the more impor t ant elements to be taken into consi­
deration in t he planning of future research and development programs. 
These changes l.Jer e adopted to facilitate visualization of t echnical 
trends and the anticipated chronological var i ation in the attendant 
requirements. 

The 1959 r eport is divided into t.l-10 parts: Part One pres ents the 
engineering interpret ation of fut ure trends and r equirements; Part 
T\vo presents the corresponding requi red dt'!vc lopments i n manufacturing · 
technology. 

The data here in arc unclassifi ed. Those organi zat ions whi ch have 
access to r ecent classified data and planning docunents m~ wish to 
modify the predictions of this r eport accordingly. I n some instances, 
it was not appropriate to reproduce her ein t he det ai l ed bacl~:ground 
data which 1.rcre accumulated on spec if ic subjects. Such infor mat i on is , 
however, being retained on fil e by the Los 1\nge les office of AIA and 
will be avai lable for revi ew by member companie s and qualifi ed govern­
ment agenc ies. 

It should be r emembered that these are es sent ially l ong-term forecasts 
prepared in the light of current lmowl edge, and t hat t he tol erances 
of values shown are quite broad . J udgement mus t be exercis ed in apply­
ing these data to the establishment o.f speci fi c deve lopment programs 
or research objectives. 

v 



P RT ONE 

ENGINEERING FORECAST 

In the following pages are presented the engineering interpretation of 
future developments in our aer ospace product, together with predictions 
of the effect of those developments on the material components of that 
product a 

This portion of the report is divided into four sections: 

Environmental Trends 

System Trends 

Materials and Process 
Requirements 

Test Requirements 

TI1ese trends in both natural and 
induced environments show the 
condit i ons under t..rh i ch future air 
and space veh icles are expected 
to operate and , therefore, repre­
sent performance requirements for 
materials, systems , and componentso 

Thi s section presents a l imited 
number of des i gn trends which 
critically affect system compon­
ents and materials requirem2ntso 

These charts represent the future 
deve l opments i n mater i als and 
process ing of materials thaG will 
be r equ i red to meet the performance 
cond i tions established by the envir­
onmenta l and systems trendsa 

Th i s informat ion i nd i cates the 
t es t capab i l ities that must be 
developed in order to assur e pro­
per evaluati on of mater ials and 
systems under t he ant i cipat ed 
operat ing condi t ions . 

The reader will note that , in many instances, the required developments 
have been expressed in terms of t emper ature . Such temperature extremes 
arise from significant heat f l uxes , t he source and strength of which will 
vary from vehicle to vehicle. Use of t emperatur e as a simplified criteria 
avoids the necessity of reference t o part icular veh icle systems and 
separates the material r equ irement from t he surround ing design character­
i stics . Time of temperature durat i on, of cour se , is a f actor in the 
development of specifi c r equ i r ements ; however, the qualitat ive nature 
of these data is such that th is refinement is not a pr i mary considerationo 
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E N V I RON M E NTS 
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P1 ATUR.l\L E!J VIRONi~'lENTS 

Extremely High Vacuum 

Vacuum pressures up to 10 miles above the Earth's surface are considered 
to be 1r1ithin the Earth's atmosphere.. Betueen 10 and 120 miles above the 
Earth ' s surface, the vacuum pressures represent a partial space-equivalent 
and, from a standpoint of pressure, above 120 miles constitutes a total 
space equivalent. 

E lectroma~net ic Radiation 

Electromagnetic radiation becomes a significant factor 20 miles above the 
Earth's surface . High intens ities of ultra-violet arc absorbed by the 
atmosphere in generat ing ozone at approximately this d i stance e Pro­
gress ive~, 1rith greater distances out from the Earth' s surface, extreme 
ultra-viol et , X-ray, and gamma radiations are encountered. 

Particle Radiati on 

The natural b.::lts of radiation surrounding the Earth (the "van J\llen 
Belts") consist of particle-type radiati ons- -electrons or protons . 
Although some data as to the extent of this radiat ion has been published, 
further investigations are required before quantitative information can 
be given. 

Aurorae 

These phenomena apparently result from corpuscular solar radiation and 
their most significant effect i s the emission of X-r~s. 

Dissoc iated and Ionized Gases 

Dissociated and ionized gases are significant mainly due to their alter­
ation of chemical activ i ty from that. commonly encountered with these gase~ 
in the i r normal state (e . g., change of oxidation rate) . In addition to 
encountering such dissoc lat i ons as 02 __. 0 + 0 and N2-- N + N, as indicated 
on the chart, Page 2, d i ssoc iation ~md ionization m~ also be encounter,cd 
in hypersonic flight in Earth and planetary atmospheres, high temperature 
gases (plasmas), chemical rockets, plasma jets, nuclear rockets, etc. 

Earth 9 s Natural Environments 

The environments such as ra in, hail, sand, fungus, humidity, salt spray, 
etc. , at and in the i mmed iate loca le of the Ear th's surface, are describe .1 
in many of the "Mil.." Specifications and therefore are not discussed here .. 



Q) 
r-1 

ENV ffiONT·f:NT3 

1011· .---------.---------.---------,---------.. 

. -- ··- . - . ·--- -· ---·- - --- ···- - - -·------ - ---l-------·-

l03r--~---=~--~--------------------------~----------·--

---r---
1----------+-

1021---------------r---

~ 10 1----------t----------+---------t-·------- ··--'--
H 
Q) 

.-I 
0 
8 

0 ~-----------~--------------~--------------~--------------~ 
1960 1965 1970 1975 1980 

Years 

Estimates of the lna(,"'li tude of micrometeori·t e dust have not been sui'fici­
ently determined to establish a realistic trend or probabil1ty of encounter. 
Hovrever, estim~te:s o:.L )_)l'Ot(~ ct:i.on X'Ctluirements b ased on the best informat,ion 
avai l able nt this t i me are shovm in the above cha1·t . 

These rates of surface de c.r,radation should be held, eit.her by surface materials 
(including transparent vrindm.rs) or coating s tamina , or by protection mechan­
isms, renewal, or maintenance procedures. This should generally hold for 
either metallic or orGanic materials in space. 
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INDUCED TD-1PERATURE ENVIRONMENTAL TRENDS 
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~he trend of increasing heat environments 'resulting in higher operating tempera­
tures is evident from the mission profiles of present and projected ndlitary 
and exploratory vehiclese 

The Mach number increase for continuous .. flight atmospheric vehicles will probably 
level off within the next ten-year period approximately at r~tach 4. Re-entr y 
velocities tor gliders, missiles and returning satellites will increase in vary­
ing degrees. Mission profile time and the combined effect of the natural envir on­
menta must also be considered when using this chart. 

Since temperature requirements in 1959 are already approaching absolute zero 
(with the use o! cryogenic fuels), the relative impor t ance of t he pr oblem areas 
are a f unction of time rather than temperature as a f tmcti on of t ime. 
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For jet and rocket engines, the acoustic power ie approximat ely proportional to 
the mechanical power or the engine, thus the top curve is based on a prognostica~ 
tion or engine thruota. 
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70 

The ma::d.mum acceleration acsociated with a re-entry vehicle should not increase 
appreciably until perhaps the lat e 1960's when a re - entry vehicle ruir;ht be 
launched fr~n a satellite. Thrust and maneuver loads for tactical missiles 
will increase as desi~na and per!'onuancea are improved. 
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Biologic&l conditions within sealed (self-sufficient) vehicles, although 
similar to natural conditions, are a result of overall ecological relation­
ships within the sealed system. Over extended periods, unforseen mutations 
of organisms (natural, cbem:f.cal, radiation, or other) may make fungicides 
and pharmaceuticals ineffective; dormant diseas~ organisms may become 
active; food r egeneration materials and methods are subject to micro~ 
organism contamination . Toxic dearadation products of materials by cosmic 
radiation can contaminate recirculated air systems, as can volatile materi· 
ale (lubricants, plasticizers} . 

- .... 
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The chart above shows the anticipated manpmver to be applied to various human 
factor areas in the next ten years. 

The major hUlllan :factor effort at present and for the next ten years will be 
applied to pro1)lems of hwno.n escape and survival, with the development or 
space vehicle escape systents being the most critical specific problem area. 
The study of human environmental problems will become important 'vith most Qt 
the critical problem areas reflecting an orientation touards space vehicle. 
environments. In the area of human performance as u component in a specific 
system or subsystem, anticipated Dkqnpower requirements match those in the 
environmental area. Research in basic human capabilities o.nd limitations 
will req~re s11v1tly less effort than either environmental or system prob­
lems. Critical problems involve the more complex aspects ol human behavior , 
i.e., decision making, inf'ormation processing, and search and detection. 
Personnel sel'ection and training constitute an urea of relatively lmv effort 
with concentration on training problems. Human reliability and pilot factor 
accidents will rece:iyp major emphasis among the miscellaneous problem areas. 

The manpower estimate indicaten that a two or three- fold increase in htuno.n 
factor personnel 'fill be required by 1970 to cope 'vi th the problems of human 
existence and pcrfonnance in increasin~ly extreme environments and in ever 
more complex systems. 
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In addition to the above per:Lormance requirements, exposure to 
nuclear and high vacuum environments must also be considered. 
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PNEUMATIC SYSTEM TRENDS 

8000 RPM, 

6000 RPM, 50-100 H.P. 

3750 RPM, 2-18 H.P. 

200 

qperating Temperatures 

!Xi 1200 
"' <1> 

~ 
1-t 

i 
E-i 

1964 1966 1968 
Years 

The pneumatic system trends indicate hic;her pm-rer requirements , resulting 
in higher pressures and shaf't speeds. Gas temperatures will be as hi gh 
as 2000 For as low as - 300 Fin 'the case of cryogenics. 

1970 
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COOLING SYSTEiviS 
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The r apid increases in critical Mach number-Altitude combinations which 
may logi cally be anticipated. in future high perf'oj:mance aircraft vrill 
i ptensi :fy the burden on Cooling Systems. _ The expected increase in Heat 
Loa d Capacity r equirements is indicated by the curve above. 

The effe ctive speed limit for direct ram air cooling is t~ch 1. This can 
be pushed to Ma ch 2 or 3 wit h e vaporative cooling t echniques. Expansion­
t urb i ne Air Cycle systems, utilizing turbo-compressor bleed or ram air, 
will b e effective at lea st to }fuch 5 with multiple turbine staging. 

Beyond l·~ch 5, the w·eight penalty of Air Cycle or Vapor Cycle (e.g., Freon) 
syst ems will f avor liquified gas boilers (liquid nitrogen), particularly 
:for short-term, high heat load regimes. Reasonable temperature could be 
maintained within a manned space vehicle utilizing a vapor-cycle system 
:for rree or orbita l :flight, with liquified gas boiler augmentation t or 
exit and re-ent ry heat loads . 

Vort ex (Hilsca) Tube a nd thermo- electric (Peltier ) cooling techniques will 
develop into practica l appl ication f or ultr a -high cruise perfonnance air­
craft . Because of i nherent low eff iciency, hovrever, they will probably 
not compete with higher wei ght syst ems i n t he next 5 - 10 year s. 
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ELECTRICAL SYSTEMS TRENDS 
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Alternator speed will vary from the present 6,000 RPM for fighter craft and 
8,000 for bombers to 12,000 RPM continuous duty and 24,000 RPM inter­
mittent duty by 1965. (These maximums ar.e not to be anticipated in 
maximum machine sizes, as armature peripheral speeds would be extreme.) 

One contributor indici:itcd that system frequency may be expected to use 
to 3200 cps during this decade, while others felt it would remain at 
4oo cps. 

Ballistic and space vehicles are too varied in size and mission to chart, 
but the indicated criteria are believed to encompass the requirements of 
such vehicles. 
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ELECTRONIC AND GUIDANCE SYSTEMS 

Unq11estionab~y, during the next ten years there wi~~ be an increasing usage of 
electronic equipment, particular~y in those areas where such components may 
capably replace the functions of mechanical or human systems. Intensified de ­
mands for extreme reliabi~ity and miniaturizo.tion will be recognized . Particu­
lar attention will be paid to the design of electronic systems tai~ored to the 
stringent environments of high speed, acce~eration, and space out~ined in the 
ear~ier portions of this report. 

A marked increase i n tl:e use of inertial guidanc.e and contro~ systems will occur 
during the next ten years, accompanied by a signi:f'ieant decrease in the use of 
noninertia~ systems . The relative application of t:>pace-fixed and precessed­
gyro guidance systems may be expected to drop 50'/o by ~970 . Doppler-inertial 
and stellar-inertial systems will see marked usage by 1965, both in second­
generation missiles and in space vehicles; by ~970, the application of systems 
utilizing the principles of celestial mechanics w1.1~ be extensive in space 
vehicles. The use of infrared guidance sys1~ems for manned aircraft may be ex­
pected to increase somewhat in the early ~9c0s, b\~ to drop markedly thereafter; 
on the other hand, utilization of such guidance irl missi~es and space vehicles 
will increase significantly during the next ~en years. 

Supporting the application of these new systems, deve~opments in critical com­
ponents must be accomp~ished. For example, reliab~e gas-~ubricated spin bearings 
and the refinement of electrostatic suspension for gyros and accelerometers must 
be perfected by ~965. The app~ication of cryogenics to such systems, particular~y 
to bearings, and the development of nuc~ear spin gyros must be comp~eted by ~970. 

200,000r-------------------------------------------------------~ 

19 5 
Year 

1970 

#The useful-range requirements for airborne detection systems wil~ be substanti­
ally increased during the next ten years . The effects of rare and ionized 
gases , aurorae , and cosmic interf erences, as sugge sted earlier in this report, 
will require considerat i on ; concurrent~y, emphasis wil~ be placed on high 
re~iability and reduct ion of vol ume and we i ght . 
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PHOPULSION 

In theory, it may be possible to select a propulsion system having the 
desired performance for a particular vehicle once the vehicle character­
istics have been established. In practice, the de'relopment status o~ 
propulsion systems have generally separated into two major categories, 
air breathing systems and rocket systems. 

The air br~athing systems, by their very nature, will be limited to 
vehicles for the movement of large cargoes from one point on the earth's 
surface to another. Improvements in propulsion systems will depen1i not 
only upon the availability of high energy fuels (see cha1~, page 31), 
but also on the development of accessories and lubricants suitable for 
the more severe operating environments which 1-rill be ·encountered when 
the potentialities of the new power plants are utilized. 

Rocl(et systems possess the capability for providing "super performance" 
within the earth's atmosphere or for operation outside the earth's 
atmosphere. The rocket engine is still in the formative stages of d~:~vel­
opment. A clear superiority for the application of solid or liquid 
propellant rockets for selected categories of vehicles has not yet been 
established. Thrust control for manned vehicles requires further develop­
ment. Basic design parameters for combu~:1tion chambers, fuel injectors, 
and accessories have not been established at a level comparable to 
similar i terns in the air breathing system:3. :r;t is apparent that, for 
the foreseeable future, improvements in operational rocket systems vlill 
be dependent upon efficient utilization of high energy fuels (see page 31). 
Such development can result in an increase of approximately 50% in 
specific impulse in the next ten years. Theoretical studies, however, 
indicate that a 4-fold increase in specific impulse is possible with 
free radical and nuclear pmrer plants. Continued development of ih ese 
systems should result in their replacing the chemical reaction pm•er 
plant as the chief source of povrer for high performance vehicles after 
1970. 

Ion rockets and photon engines have been stud:l.ed as possible pmmr 
plants for use in outer space 1-rhere lmr thrust, hish specific impulse 
engines can be used effectively. Development of these systems 1-rill 
be accelerated when space flight by chemical and nuclear pow·ered 
vehicles becomes more frequent. 
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The trend in structures is toward higher temperature which is frequently 
accompanied by usage of high density metalso To avoid excessive weight 
penalties in future structures 9 the paramount needs a re g 

1. Increased load-carrying c apabi lity throughout the entire 
service temperature range, i.e. ~ alloys that do not go 
through a brittle range prior to reaching the maximum 
service temperature. 

2. Improved fabrication characteristics.~ Leo 9 greater 
ductility~ better weldability ~ and improvement in other 
properties that affect the manufacturing operations " 

3. Increased availability to close tolerances in desired 
mill forms , i.e., sheet , bar , extrusions , forgings , 
and casti ngs. 

From the above chart it is apparent that beryllium falls f ar short of 1970 
anticipated requiremen-ts. In addition to the broad needs liste d above ~ 
specific current shortcomi ngs of bery llium are poor weldability and l ac k of 
due tility. 

Aluminum alloys have a higher pot ent ia l the rma l l i mitation t han shown on 
the chart i n view of developments i n s int.ered a l uminum powders o 
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The above trend and forecast curves are intended to show improvements 
that could be realized if the proper emphasis is placed on the 
development and application o:f refractory metal alloys a The differen= 
t i ation between the materials considered here and the super~alloys 
shown on the preceding chart is that the evaluation on the above chart 
i s based on columbium~ molybdenum 9 tantalurn9 tungsten~ and their alloys. 
The above chart does not r efl e c:t the combination of properties possible 
with all of these materialso Rather .9 it shows that with tungsten alloys 
i n the pr esent state of development which have the highest usable 
s t r ength also have the highest impact transition temperature. Columbium 
and tantal um have lower i mpact t r ansition temperatures.9 but s.lso lower 
u sable ser vice temperatures. The trend indicated in the chart is that 
a lloy s shou ld be de veloped having both usable :strength at high tempera= 
t ures and a ductile to brittle transition temperature of ~6.5°F or 
l ower. 

The needs (increased l oa d carrying ability .ll impr oved fabricati.on 9 and 
increased availability) c i t ed on t he pr evious page are also important 
fact ors for refrac tory metal s . 
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Chart l above shows the usage of the wrough~ and cast products as a percentage 

50 

of the vehicle structural. ¥reight empty. This chart also shows that high strength, 
high temperature airframe missile and spacecraft will employ a greater proporti on 
of built-up structure and a reduced omount of integral structure . This trend is 
reflected by the increase in the usage of sheet material and the reduc t ion in 
requirements for the other cast and wrought forms of ma t erials . This basic change 
in design trends is due princj_pa.lly to the :fact that the high mechanical proper­
ties of the future sheet m.nt erials can be moat eff:f.ciently utilized by bui lt- up 
structure design. To achieve equivalent effi ciency in an integral str ucture , 
complete machining would be required. 

The trends and applications for cas tings, forgings , extrus ions, s heet and t ubing 
indicate the need for closer dimens ional toler ances and control , improved surface 
f'inishes and improved reliabil1.ty and i nt egrity for the 5- a nd 10-year period. 

The use of castings will reduce, and in many applications weldments will be used 
in place of' castings. 

Relatively small precision i'org i nga will be assembled into l arger compl ex built­
up fittings to replace large conventional f org ings. 

Aluminum a nd me.gnesitun alloys wil l conti.nue to be us ed for some of the inter nal 
structure. landing gears and s uppor ting structure will utilize tbe 1:> 0 materia ls 
because of t he t emperature envir onment established by use o:r'. rubber tires, seals 
and gaskets . 
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Chart 2 indicates the increase in mechanical properties o~ the cast and wrought 
alloys that is anticipated during the next 5- to 10-year period. 
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In composite structure, the object i~ to combine similar and/or dissimilar 
material~ in a manner so as to take advantage of the specific properties of 
each, and attain the desired structural integrity of the vhole assembly. 
This is an important factor vhen the high performance of current and future 
aircraft is considered. Where the lover limit of high speed aircraft is nov 
assumed to be Mach .9, in the 1960 to 1965 period Mach 3 aircraft vill be in 
volume production. 
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TRENffi HI HETAL REf-DVAL METHODS 

The problems in metal removal in the next ten years will result from increased 
usage of very hard metals ~ ceramics) carb ides and steel honeycomb structures. 
This trend in material usage means that metal removal by conventional machine 
milling will decline about 30%, while broaching and nev1er techniques such as 
ultrasonic mi lling~ mechanical erosion ~ electro erosion7 and combinations of 
these methods are expected to increase in use to solve these problems. It is 
not certain which of these methods will be the most efficient and their rela­
tive importance by 1970 can only be estimated ~ 

Chemical milling should increase steadily due to additional requirements for 
integral structure in lieu of conventional built up designo Machine milling 
requirement s wi ll not be significantly affected by this increase ln chemical 
mi lling requi rements p 

Machine milling, aided by numerical~ controlled machines, will continue to 
be the l ar gest f actor in metal removal. Its present applications for alumi­
num~ magnes i um and low alloy steels will not be replaced appreciab~ by the 
newer methods of metal removal due to cost factors .. 

TRENDS IN METAL CLEANING 

Convent ional c l eaning includes solvents, alkaline~ acids~ electrolytic~ and 
steam cleaningo Practically all parts are given a conventional chemical 
cleaning of some type at some stage of manufacture, for example degreasing~ 
Ver,y lit tle decline is ant icipated over the 10-year period in terms of per-­
cent of tot a l part s cleanedQ But there might be an appreciable reduction in 
relat ive cos t of conventional cleaning due to the refinement of cleaning 
methods o 

Etch c l eaning, r emova l of a very thin l~er of metal by alkaline or acid 
etchants , is comparatively new and is expected to reach maximum usage in the 
next five yearse Blast c leaning~ which includes both vapor honfng and sand 
blasting, is expected to incr ease gradual~o Ultrasonic cleaning is being 
rapidly exploredo Hi gh temperature salt cleaning is expected to remain in 
low usage due t o h i gh i nit i al cost. The potential for electro-erosion is not 
well defined at present o 

Trends in metal r emoval methods and trends in metal cleaning are further 
discussed in Part Two of this r epor to 
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The usage trend for the next ten year period will show increases for materials 
with improved high temperature propertieso The materials will also be required 
to have additional properties such as wear resistance 3 impact strength, stable 
conductivity, radiation resistance~ emissivity properties , and impermeability 
for protecting oxidizable materialso 

These requirements will be accompanied by decreasing usage of metals having 
lower temperature limitationso Electroless plated deposits· heat treated to 
produce excellent hardness and wear resistance will find increasing usage in 
the 1000° to 2000°F temperature range o More use of precious metals is indi ·~ 
cated as temperature and reliability requirements increase o Rare earth metals 
for electronics and nuclear reactor systems are expected to find i ncreased 
unage as their supply is increasedo 
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The above information does not include (l) multilayer electrodeposited 
coatings vlhich have infinite poss i ble combinations or ( 2) plasma jet 
coatings under development. Extensive research is required in the 
latter area. 

Aluminized silicone paint is included under "Organic Finishes". Except 
for "Organic Finishes" 9 coatings which exceed the present t e mperature 
requirements in all categories are available in experimental or pilot 
stage. 

-------------

1965-1970 
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The three primary !actors contibuting to temperature stresses 
on plas·tics are aerodynamic heating, high 11ltitude subsonic 
cooling, and special environments -such as liquid oxygen. 

The above chart presents typical short and long time tempera­
ture requirements for all categories of plastics. The short 
time considered is approximately 0.1 hour, and the long time 
considered is 200 hours. Inasmuch as this is a generalized 
chart, these dat,a should be considered in conjunction with the 
data presented on Page 25 which deals \.fith more specific 
plastic categories under 200-hours service. 
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As with met al s , t he t r end in pl a stics r e g_uirements is tmra rd higher service 
t emper ature s . This t r e nd is moderate d by the instance of non-reinforced 
pl.astics which a re used primarily in vehicle interiors. Hm-rever, the re vri1.1 
be inst ance s of high-temperat ure re~uirements even for these materials, as, 
t or example , i n ext erior and vehicle wall. elements. 

The above chart pr esents estimated req_uirements for 200 hour service. Lami­
nat i ng r esins technology is lagging behind reinforcing fiber technology and 
v i11 re~uire special. attention. The data G~ven on non-reinforced plastics 
do not include t he lovr t emperature materials such as pol.yethylene 1 vinyl., and 
polysulfide compounds, f or obvious reasons. 

Forecast data on structura l adhesives comprehend organic; semi-organic, and 
inorganic syst ems. It a ssumes that minimum design l.ap-shear strengths of the 
order of 1 500 psi are maintained during exposure. The implication o:f this 
forecast is that fundament a l r e search and development vrork needs to be acce1-
erated to yiel.d adhesive f ormulations when needed. The cost factor e1nphasizes 
this need, for the cos t of structures fabric ated by adhe sive systems is expected 
to be substantially lower than f or structures fabricated by welding or brazing. 

Foam material s are used to st abil.i ze the s kins of sanduich structures and tor 
radome core materials. Although factors other than t emperature ].imitations 
are important i n these appl.ications , the primary 1imiting factor is perform­
anc e at high temperature . 
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The tre nd is to shorter exposures and higher temperatures. A..s t e rrtpe rature 
requirements move higher the low temperature flexure temperatur e will a l so 
advance~ thus elastome r s for these temperature e nvironments may have physi ca l 
attributes of ri gid thermoplastics at ambient. 

~lastomer Consumption Trend Hi th Increasing Temperatures 

The use of natural rubber (unmodified) will decrease 9 but will find use in appli­
cations requiring radiation resistance and fair temperature resistance . 

Neoprene consumption will decre ase , but will find use in applications r equi r ing 
radiation resistance~ fla me retarda nce. and moderate temperature r e sis t ance· 

Buna N base polymer for hydraulic packings and hoses will partially be I'l plc:tced 
by higher temperature and ozone resistant poly mers. 

Polysuli'ide rubbers will gradually fade away as a sea1ant and propellant be1se 
material. RTV fuel resistant silicones and uretha ne s will become more i n·portant 
as sealant base polymerso 

Silicone usage will i .ncrea se and will replace natura l rubber in sotne t lre 
applications J polysulfides in se a lants, and neoprene for weather and high 
temperature resistant applications. 

Urethanes will continue to move up as he at and fuel resi.stance improves . 

Use of butyl packings, O~rings , and hose s \vill increase as phosphate e ste 1· Iiydnw .li c 
fluid consumption increases!> but may decline as tougher~ he a t resistant silicone 
compounds appear. 

Fluoroca rbons offer the best immediate a nswer for hi gh temperature ~. hi gh physica l 
property, and fuel resistance. However, fluoro silicone s and nt tr:i.le si.licon ' S 

will provi de stiff compe tition be c ause of l ower de nsity whe r e the be tter phy s ic a l 
prop e rties of the fluorocarbon rubbe rs are Ho t neede d. 
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The a bove bar c ha rt is very gene ral in nature, and the intent is to 
shov the types of' material which may be used :for temperatures expected. 
With tbe prl';:sent sta te of' d eve lopme nt, it is clear that orgo.nic plastic 
materia ls c a nnot be used f or the t empe rature s expected in advanced 
rn.annr;d a.:trcrn:ft. The r e f'ore , :tnorgttnic glass of some type must be used. 
The eO'rrfPOund, t~ea shown on the c):la.rt ind.icv.t e the t e mperature properties 
requ:trc-::d~ nl.though improved c o mpo unds mn y b e developed. 

30 
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'l1he development . and application of ceramic materials as shown on these 
charts is intended to show reasonable development based on the current 
state of the art and the progress that has been realized over recent 
years., The above chart is .based on the mel·.~ing point of ceramic materials 
intended for insulation and/or resistance to temperature. The chart 
below also includes ablation and sublimation applications e.nd considers 
the time at temperatureo · 
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Chart I is a :forecast of the trends and capabilities of grease lubrication 
for the next ten years. Temperature ranges given ~t a specific date refer to 
the general capabilities of grease lubrication at that date and not to the 
temperature range of a single grease. Greases are generally used for the 
lubrication of plain and antifriction bearings but may be employed for the 
lubrication of gears. 
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CHART 3 - RAI--JGE OF LU BR ICATIO N WITH LIQU IDS, GASES AND MISTS 
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Chart 2 refers to lubrication with bonded solid films, lubricating coatings 
formed by reactions with the base metal and lubrication with powdered solids 
such as graphite and lead oxide. Temperature r anges given a t a specific date 
refer to the general capabilities of solid lubrica tion and do not imply that a 
single lubricant is capable of operation over the entire temperature range o -

Progress in the field of solid lubrication is dependent to a grea t degree on 
progress in the field of high temperature alloys. Non oxidizing ba se metals 
with high strengths and hardness at elevated temper atures are a necess itye 

Solid lubricants are generally employed for the lubrica t i on of s low moving, 
heavily loaded parts but powdered solids may be applied t~ rotating bearings 
and gears. 

In Chart 3 temperature ranges given at a specific date refer to the general 
capabilities of the method of lubrication and do not imply tha t one specifi c 
lubricant is capable of operation over the entire t emperature r ange . 

Lubrication with liquids in conventional systems r ef er s t o the use of organic 
liquids used in air by the conventional type of recirculating system. Addi­
tional capability due to operating in an inert a tmosphere or by using high 
temperature organic fluids for one pass through the lubrica t ed mechani sm is 
indicated • .. 
Operation with gases refers to either the use of reacti ve gases such a~ Freon 
which decompose and continuously form a lubr icati ng f i lm on t he bearing metal 
or to the use of gas lubricated bearings which employ a gas film under pressure 
to support the load. Mists of organic liqui ds are used to protect bearings 
from oxida tive attack at high temperatures and to supply. lubricating agents to 
metal surfaces. Opera t i ons at low t emperatures can .be provided by gas supported 
bearings or by the operation of r olling element bearings in liquified gases. 
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Utilization of high energy, high specific ~pulse chemical fuels will continue 
as the main development factor for the next ten years. The problems associated 
with the handling and storage of high energy boron fuels are being studied and 
solved. When sufficient quantities of these fuels are available, they will re­
place the JP- fuels for high performance vehicles. Cryogenic fuels for both 
air-breathing and rocket propulsion systems promise sufficient performance in­
creases to make development of propulsion systems using these fuels extremely 
worthwhile. The advent of nuclear rocket propulsion will probably increase 
rather than diminish the· use of cryogenic fuels. The deV,elopment of the necessary 
equipment for ground storage and handling is well advanced. The development of 
vehicle-installed tanka, pumping equipment and flow regulating equipment will be 
accelerated. 
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The re~uirements above assume that the low-altitude inflated structures are 
operated in tropical heat and arctic cold; the medium-temperature high-speed 
inflated structures are subj ected to aerodynamic heating at times, but at 
other times may be at very high altitude s where temperatures are reduced 1)y 
radiating into outer space; t:1e highe st and lm·rest tel.l'Il_)eratures occur with 
ex.t,reme type s of' space vehicles. 

30 

"' Q) 

'H 20 
•r-l 
H 
Q) 
u 

·e 
Q) 
(/) 

10 

0 

SERVICE LIFE OF DJli'LNL'ED STRUCTURES USI NG COA'l'ED FADIU CS 

Lmv Altitude 

Space Vehicle s ~11 
I 

I 
I 

I 

Inflated Structure s~~L,_...c:.~::::::_---:--------------

Hic;h 1J1emperature Structures 

1966 1970 

The assumptions are that the low-altitude structures are ordinary airships and 
airpl anes, ·t.hat the high-temperat;·m·e structures are heat ed aerodynamically f or 
short times only, and that the true space vehicle s should lle suitabl e f or lone 
trips to di stant pl anets. 
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DIFFUSION OF GASSES THROUGH 
COATED FABRICS USED FOR 

I NFLATED STRUCTURES 

It is assUlncd tha t the pre-196o 
fabr ics a re for airships which 
use lifting gus . The 1970 fab­
rics a re :for space vehicles 
with air-breathing passen gers, 
as well as for airships of' that 
p e riod. 

Sl'RENG~rl-WEIGHT RATIO OF 
COATED FABRICS DEVELOPED FOR 

DIFFEREW.r TYPES OF SERVICE 

The space v ehicles are assumed 
to use high-tenacity polymers 
of' adva nce d types with gas­
tight coa tings. The lovr alti­
tude structures include present 
day airships and the Inflato­
plane. Medium- and high­
temperature structures would 
be made of' fiberglass or metal 
wires with special coatings. 

THICKNESS AND PRESSURE OF 
INFLATED AIRMAT STRUCTURES 

It is assumed that airmat struc­
tures with internal yarns to 
give inflated shapes other than 
cylindrical will . benef'it from 
improvements in materials and 
in processes of manufacture so 
that much larger structures can 
be built than at present. 
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LABORATORY TESTING TRENDS 

In General, there has been a marked increase in the amount of experimental effort 
in weapon system development, primarily due to more complex, automatically con­
trolled systems. This trend will continue through 1970 with ' extensive expansion 
in e:x:per~ental research. The sum of design, qualification, and reliability test­

ing will tend to remain constant 
p.e1.:1.e.oi1.i"\J~ --=- over the next 5 to 10 years, be-
- - _ - cause of increasing test costs, 

_.- .-- - - and increased time to conduct 
// __...-- .-- tests versus time available be-
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been a major factor in the experi­
mental trend, because with more 
complex and interdependent sys­
tems, evaluation of components 
and subsystems alone seldom 
provides reliable data for 
analytical system models. Addi­
tionally, the time and cost to 
construct experimental models 
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the need for experimental research 
and component evaluation prior to 
system tests. 

Simulation of Environment and 
Operational Conditions is pre­
dominant in increasing component 
and system test costs. Energy 
levels of inputs and loads will 
continue to increase . Outer­
atmosphere and s~ace flight 
introduce environments often 
more difficult to simulate than 
to protect against. Coupled 
with these problems are complex 
combinations of variables , and 
r apid transition between environ­
mental r egimes . New techniques 
for generati on , mea sur ement , a nd 
control of variables will be 
developed a nd applied i n ·the 
next 5 to 10 y·ear period . For 
example, simulation of hi~1 
a ltitude t hermal environment 
involves low pressure that can 

only be attained with diffusion or cryogenic pumpf; . llig,h-energy solo.:r irradiation 
must be simulated, and refriger ation systems must p r ov:Lcle a radiation " s ink" 
approaching absolute zero. 
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PROJECTED COMBINED ENVIRONMENT SIMULATION 

Fl.ight Variables 

Thermal Environment 

Atmospheric Pressure .....••••• 
Atmospheric Temperature •••..•• 
Aerodynamic Heating ..•.••••... 
Solar Irradiation ••. • •.•• •.••. 
Vehicle Radiation •.. ••.•••.••• 

Kinematic Environment 

Acoustic Vibration •••••••••••• 
Mechanical Vibration .••••••••• 
Atmospheri c Temperature ••••• • • 
Atmospheric Pressure •••••• •••• 
Steady-State Acceleration ••••. 
Aerodynamic Heating ••••••••••• 
Transient Acceleration ••••••• • 

Corrosive Environment 

Ozone ••• o ..................... . 

Atmospheric Pressure ••.••••••• 
Solar Radiation ••••••••••••••• 
Ionized and Dissociated Gas ••• 
Aerodynamic Heating ••.••• •'• ••• 
Meteoritic Dust •• •.••••••••••• 

Electromagnetic Environment 
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Solar Radiation ••••••••••••••• 
Atmospheric Pressure •.•••••••• 
Nuclear Radiation ••••••••••••• 
Geomagnetic Field ••••••••••••• 

~ 

/ 

1.950 196o 

Year 

This graphical presentation shows the past and future trends toward 
combining environmental variables • Additionally, during the next 
5 ~ 10 years, considerable study and facility development will be 
directed toward simulating rapid transition between environmental 
regimes (e.g., transition between missile ground and outer atmosphere 
environments)· 

\ 
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PART TWO 

MANUFACTURING FORECAST 

The accelerating pace of civi lian and military developments in the 
Aerospace Industry has resulted in an ever-increa::;inP, demand for a 
higher level of manufacturing capability. New technologies and 
process complexities \.fill require greater educational and technical 
specialization to produce the advanced weapons concepts that the 
industry foresees in t he next ten years. 

The t ime cycle from conception to series production is becoming 
shorter$ Simultaneously, methods and equipment are becoming more 
co~plex and require extensive development to keep pace with ad­
vanced design conceptso These trends are graphically portrayed 
in Figure l,indicating that increasingly complex tools, methods 
and equipment !IDlst be developed in shorter time SJ?3-ns in order 
to be ready for the production phase. 

The materials used during the next ten years will present a 
variety of problems to manufacturers . Some (e.g., Beryllium) will 
be extremely difficult to form. Others will require the use of 
new chemical or electrical discharge machining methods. Many of 
these materials will require very high fabricating temperatures; 
thus, they will need protective coatings and/or atmospheric con­
trol to prevent contamination. Within five years, top service 
temperatures will be as high as 3000F for brief exposures. With­
in ten years, they will ·rise to 5000F. Low temperature properties 
will also be important for both structural and fabrication applica­
tions ., 

The use of new materials will also point up the need for new fac­
ilities . New and more complex processes will require better and 
more expensive equipment& In some cases, automation and numerical 
control must be adopted on a wide scale. Present handling and 
testing equipment will not be sensitive enough for future needs. 
There will also be a need for new standards of quality control and 
data evaluation ~ 

These and other problems facing tooling and manufacturing during 
the next ten years are outlined in detail on the following pageso 
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ASSE lDLY A D J .G'- l:-: 1 

I Ass embly and Joinine 

Fabricat ion a nd as sembly tre nrls n. r e t.ovmrd st~el brazed and 
welde d airframes and indicate particular need ro r eq uipment 
development i n this area. Combined processes are appa rently 
going to be necessary. More combined machines will be evident. 
For insta nc e : \'Jelding and machinin g in a welding positioner. 

Two ·ehief manufacturing and tooling problems will be (1) the 
necessity for achieving very close tolerances; and (2) braz­
ing , welding, and heat treating in a carefully controlled at­
mosphere . Precision sub-assembly tooling will be required to 
locate details through brazing and heat treating processes and 
produce a stress-free, dimensionally-accurate unit . A minimum 
of drilling, dimpling, and trimming operations can be performed 
on detail parts which have b een hardened prior to assembly. 
Assembly tooling and manufacturing will be required to join 
large sub-assemblies already in the hardened condition. Port­
able equipment and techniques will have to be developed for 
welding and localized h eat treating during final assembly. 
Tooling will have to be precise and capable of providing a 
maximum of dimensional stability without contaminating the 
work piece. 

A Welding 

Welding requirements will include (1) close control of 
manufacturing variables; (2) clamping and positioning 
devices; and (3) economical means of welding under con­
trolled atmospheric conditions. 

1 Mechanized equipment must be developed to insure 
precision and consistent weld quality, especially 
in such applications as the assembly of tapered 
sheets in dimensions of 10 7 x 20' tapering from 
0.005 to 0.500 inches. There must also be more 
accurate machine control of weld variables (arc 
volts, weld amps, weld travel, wire feed). There 
will be a need for joint followers that are un­
affected by contamination factors (brazing, alloy, 
flux, etc.) for joining brazed sections. Equip­
ment with travel rates of 2 to 300 ipm will have to 
be developed for welding molybdenum and titanium 
alloy sheets .. 

Resistance welding requirements will include a_need 
for monitoring systems which accurately deterffilne 
proper pre-weld requirements in addition to compen­
sating for those variables in order to assure weld 
quality. Development and evaluation of high 
frequency resistance welding is ne eded as well as 
an electronic devic e to control all variables in 
a spot weld machine. 

-31.5-



2 Clamping fixture~ and positioners nmst b~ de veloped 
to enablt~ positive holdinr, and stab.ilizinp; of compar­
atively delicate parts. They will also be req uired 
for more uniform speed und bet tor pc-:trt ali~ment, 
pa.rticularly of thin sheet in thicknesses from 0.005 
to 0.020 inch. Ultra-sonic welding equipment must 
first be developed that will produce resistant weld 
quality and havo sufficient capacity to join materials 
for instance~ titanium, PH steol, etc., in thickne~ses 
from .005 to .125. Light-weight holding devices must 
be developed for ultrasonic welding; and semi-portable 
inert-gas equipment and techniques must bo developed 
for joining major components during final ass~rnbly 
stages. Portable equipment will also be needed for 
weld-edge preparation. For weld fixtures used in sheet 
butt-welding, new fixture material must be developed 
for chilling, clamping , and locating. Improved ceramic 
materials may be adaptable for welding fixtures. 

3 Controlled atmospheric conditions may be achieved through 
further development of weld-zone purification processes, 
such as tungsten inert gas welding~ Heliarc welding--
or some other inert gas shielded process--might be 
further developedo Molecula:r bombardment or electron 
general welding might be a possibility. Pressure 
welding and plas111c1. jet might also offer promise. 
Electron gun welding in a vacuum on rna terials which 
combine readily with oxygen and nitrogen might yield 
highest quality welds. Improved ultrasonic welding 
techniques are also needed. For joining honeycomb 
panels, ultrasonic welding might be adapted with the 
welding rnediwn being powdered or granular and attracted 
to the weld joints magnetic~lly to allow welding at a 
low temperature. Large weldments, both restrained and 
unrestrained and welded before and after heat treat­
ments should be investigated along with localized heat 
treating during final assembly. 

B Brazing 

Brazing req~irements will include (l) means of controlling 
~tmoapheric contamination; (2) improved facilities for braz-
1I1g new materials and larger units; (3) close control of 
manufacturing variables. 

1 Improvements are necessa ry in controlling optimum atmos­
phere prior to and during the brazing cycle. Further 
developme nts will be needed in evaluating "stabilizers" 
to control node flow and defusion. Early efforts must 
also be directed towards developing alloys having low 
initial me lt and high remelt points~ Braze alloy de­
velopment will continue "to minimize ::solubility erosione 
fln investigation should be made of Lh e f easibility of 
a jointly sponsored "space room" capable of providing 
a total inert-gas envirorunent me e ting the brazing r ·e­
quirements of the par·ticipating llk."l. nufac turers. 



ASSEMBLY AND JOIN IJIJG 

2 Br azing fixtures for lar ge-area parts and for panels 
capable of cont inued operation through 2750F must be 
developedo Tool materials for these fixtures and new 
t ypes of brazing fUrnaces \all be requirede The new­
type fUrnaces will be necessary to braze ceramics, 
cermets 9 glass D and refractory metalso Facilities 
development must progress toward heating only the 
assembly to brazing temperature with minimum tool-
ing and furnace brick heato This will enable de­
velopment of techniques for quick heating of assemblies 
while minimizing contamination and solubility erosion~ 
Fixtures incorporating rigid support~ close tolerances !) 
uniform heatD1g and minimal def ormation during heating 
cycles are neededo 

3 Techniques and control must also be developed to permit 
"localized" brazing of large final-assembly panels. 
Development of portable brazing units will be required 
for this purpose. Improved techniques in preparing 
detail parts for fit-up are required to reduce the 
amount of filler alloy required. Non-metallic adhesives 
may be replaced by metallic materials . 

100% 
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FIG. 2 BRAZING AND WELDING TRENDS 
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c Bonding 

Bonding requirements will include development of new tooling 
concepts to cope with new materials and new designs. Em­
phasis will be on the use of ceramic adhesives and bonding 
extremely large contoured parts--perhaps even entire assem­
blies--~uch as wings or fins • . Bonding of steels will become 
commonplace. Bonded structures capable of withstanding 
temperatures of 600F and above also will become commonplace~ 
with ceramic adhesives replacing organic-metallics for 
service above 600F. Specially-designed individual tools 
will be needed for specific parts and sections with multi­
purpose tooling, such as autoclaves, being used progress­
ively less as the trend to more complex assemblies of 
greater size increases. There will be increasing demand 
for light-weight curing fixtures having thermal properties 
similar to those of the material being bondedo There will 
have t~ be more mechanization of bonding processes. 
Numerical control concepts may be applied to yield economical 
and reliable bonded structures. 

D .Fasteners 

High-strength, corrosion-resistant fasteners nru.st be de­
veloped for extremely low temperatures and upset riveting 
of 320,000 psi materials. If rivets and sheet stock are 
made of materials up to 320,000 psi, it will be necessary 
to develop squeezers and dimplers capable of applying a 
force much higher than is now available. Furthermore , 
they will have to be designed to develop much higher heats. 
Adaption of hot forging techniques making use of resistance 
heating may be feasible. Methods will be needed for 
dimpling high strength materials having low ductility at 
room temperature. Hot dimpling equipment capable of 1300F 
operation will be needed. Continued work is necessary on 
cold flow dimpling to permit the working of 280 - 300,000 
psi material having 4 to 10 percent elongation at room 
temperature. Tools to upset rivets by ultrasonic energy 
may be required. In some materials, it may be necessary 
to punch holes in conjunction with a controlled heat cycles 

E Chemical Joining 

A method of joining metals without heat will be needed. A 
method might be developed which uses metallic compounds 
placed in the joints, with fastening accomplished by a 
chemical r eaction triggered by gas. 

I 
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FIG . 3 BOLTING AND RIVETING TRENDS 

II Metal Shaping 

During the next ten yeara, as more emphasis is placed on 
developing high-strength steels with yields of 300,000 psi 
and titanium alloys with yields of 200,000 psi, fabrication 
techniques and equipment will be needed which place the metal 
as close as possible to its final configuration. Tho room temper­
ature properties of these materials dictate the use of elevated 
forming temperatures and essentially eliminate finish hand form­
ingo The · rigidity of high-strength materials will eliminate 
sprlnging into place at the time of assembly, yet gap tolerances 
and aerodynamic smoothness requirements will be more stringent. 
'fhe physical properties of tooling materials suitable for use 
at these elevated temperatures must be deterndned and exploited 
to obtain the needed precision. Shaping materials cold and hot 
is trending toward higher accuracy, send-automated equipment 
with precise control elements. EAplosive and bulge forndn~ are 
indicated for further development. 
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11~TJ\L SHAPING 

Part3 will be shaped by: 

(l) Precision casting 

(2) Shear spin formin g , Loth hot auct cold 

(J) High energy forudn e by tlhock wave and a combi.n­
ation explo!jive anll draw forming 

(4) Extruding ~nd for ging to close tolerance~ 

( 5) Deep drawing 

Other areas requiring development include: Developnent or 
hot forming equipment and techniqu~s to take advantage of 
the development of wide sheet material which can be used to 
reduce the number of final assembly joints in a structure; 
dies to with~tand 35,000 psi and higher during Guerin form­
ing; shock forming for hard sheet alloys; equipment and 
methods for heating forming tqols to 2000F; dies P whose 
surfaces quickly reach the forming temperature while the bulk 
of the die remains cool; creep fonn equipment to operate at 
1200- l500F for 5 to 15 minute cycles; application of fluid 
pressure; high temperature rubber and cast form blocks for 
hot hydroforming; forming of materials immersed in heat­
treating solutions; and vacuum forming of sheet material at 
high temperature, similar to present-day vacuum forming of 
plastics. 

1----+--+-~--4-----+---t---:I~-+---+--+1-1---+--....J 
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FIG. 4 MATE RIA LS SHAPING TRE N DS 



MATERIALS RE~DV~L 

III Materials Removal 

Some operations (e.g. , shearing, blanking, machining) now 
performed at room temperature will have to be done with 
materials and/or tools heated or at sub-zero temperatureso 
Some metals and practically all of the ceramics and cermets 
cannot be machined with ordinary tools. They will require 
ceramic tools, abrasive grinding , ultrasonic machining, or 
electrical discharge machining. 

-~-

Required also will be general tightening of tooling accuracye 
Furthermore, tools will have to be far more rigid to work the 
high strength materials predicted for use . Mechanical tool 
docks will be needed for rapidly and accurately establishing 
points in a basic, mutually-perpendicular, three-plane 
coordinate system. Complete reliance on a mathematically 
established envelope (as opposed to the hand-lofted curve) 
will make tape-controlled, two or three-dimension cutting 
machines a basic need. 

Generally speaking, the trend of manufacturing equipment i s 
toward more specialized semi-automatic, automatic and num­
erically controlled machine tools, assembly and processing 
equipment. 

Use of nuinerical control must be expanded to both machines 
and processe~ (chemical, electric discharge, ultrasonic , 
sub-zero) ~ Tracer-proximity device control will have to be 
extended to control critical operations not suitable for 
programmed numerical control. Research will be necessary 
in areas such as automated profiling. Short tool life re­
sults from programming the path of the cutter's center 
rather than the path of the cutting edge . This requires 
develop~ent of new types of cutters or holder designs or 
some means of compensation in the machine itselfe 

Removing materials by electronic and chemical means , hot 
machining and increased applications of numerical control 
are areas which require development in the five and ten 
year periodo 

Numerical control should be developed to ffilnlffilZe the amount 
of tooling required; programming techniques should be . simplified 
to allow low cost operation when numerical control equipment i s 
used for prototype or limited quantity production . 
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1960 YEARS 1970 

FIG. 5 MATERIALS REMOVAL TRENDS 

Other areae requiring emphasis will include: 

(1) Chemical milling of high-strength materials to 
close tolerances and with high surface finishes 

(2) Grinding for high metal removal rates 

(3) Ultra-high speed machining and drilling 

(4) Special applications of ultrasonic machining, 
electrical discharge machining and grinding 

(5) Sub-zero machining or other techniques utilizing 
impro~ed cutting lubricants and coolants 

(6) Cut-off ea.ws of syrtthetic industrial diamonds 

(7) Special applications of torch cutting to trim parte 

(8) Close-tolerance machining techniques tor stainless 
steel, titanium and other honeycomb material~ 
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IV Plating and Cladding 

100% 

Trends indicate considerable development is required in plating8 

coating and cladding and in the dev~lopment of automatic systems 
to control t he processes. Nondetrimental plating or cladding 
processes should be developed to wi.thstand l200F o These should 
include vapor plating, alloy cladding, electrolytic and electro­
less plating. Plating and/or cladding operations should be 
combined with j oining processes f or secondary structures wh~re 
temperature capabilities are compatible with those of the 
parent materials. Temporary protective coatings must· be de­
veloped for materials that cannot be given permanent coatings 
until f abrication is compl~te (e.g., Molybdenum). 

1960 YEARS 1970 

FJG.6 CHEMICAL TREATMENT TRENDS 

V Heat Treatment 

Materials will be needed for tempering and heat treating fix­
tures (preferably of minimum mass) to control parts at heat 
treating temperatures. Also required will be equipment for 
annealing or heat treating large components above 2000F in closel}· 
controlled atmospheres. Other new types of furnaces, which 
may have to acconunodate entire airframe sections, will be re­
quired to apply or cure organic sealants~ Heat sources using 
radiant heating or induction coils may be needed to heat tretit 
nlocalized" portions of assemblies too la):'ge for furnace treat­
ment. Resistance heating might also provide the soluti.on here . 
Autoclaves (approx.i.mately 200 psi pressure and 400F temperature ) 
may be required to cure organically handed components . 
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Within the next five years, heat t r·cat J.lrocedure~ for hir~h 
alloy m..1.terials (e.g., peerless, 1-1570, incoloy 90) and methods 
for simultaneously heat treating, forming, temperinr,, and Btress 
relieving must be developed. Investip,ations of cryogenic effects 
in restoring ductility to weldments should be expanded. Improved 
cleaners and processes for removing scales resulting from thermal 
cycles will have to be developed. Within ten years specialized 
automatic heat sources for preheat, stress relieving, and heat 
treatment ifi welding fixtures must be developed to becorne part 
of the welding procedure. High vacuum and high temperature fur­
naces must be devEloped for heat treating high melting-point 
materials. 

VI Powder Metallurgy and F'i hrous Materials 

Impregnation hardening of new materials must be established within 
the five year period. Similarly the welding of fibrous materials 
used for transpiration cooling must be investigated and developed 
as a reliable, economical process. Within ·'ten years, fabrication 
of pressure vessels by processes utilizing powder metallurgy must 
be developed. · 

VII Non-Metallics 

With the need for high-temperature materials developing rapidly, 
processes and tooling for applying non-metallics must be dev­
eloped accordingly. Non-metallic~1 will become common in tools 
and process equipment. They will also be fabricated into 
structural components, though their structural applications 
must first be established. Such applications are highly 
desirable because of the capability ·of the materials to with­
stand high temperatures, radiation, erosion, and corrosion. 

A St ructural Applications 

Increased use of ceramics and cermets in structural 
applications will require tools to shape these materials 
withi n the tolerances desired. Means of casting, forming 
and machining them must be developed. These applications 
will probably require ceramic, ceramic-faced, or diamond­
faced tool s. Cermet may also replace pre3ent magnetic 
core materials, while ceramics may be used for encapsulat­
ing e l ect ronic components; either application will re­
qui r e high-temperature fabrication processes. Equipment 
must a lso be developed for attaching ceramic and cermet 
component s to metal structures. 

Ceramics and cermets s hould be evaluated as high-temper­
ature sealants . They mus t a l s o be investigated for 
radiation and temperature resistance, strength, and 
compatibility wi t h exot i c fuels. 
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VIII 

Exotic methods of processing not discernable at this time 
are being studied on a test tube basis and require dev­
elopment t o mature them into effective production equip-
mente 

The increased use of plastics , ceramics and other high 
t emperature materials indicates a trend to specialized 
equipment for filament winding, wrapping and curingc 

The increased use of reinforced plastics for structural 
applications will requ ire high temperature lay-up tools to 
form these materials to be complex shapes that will be 
required. 

Casting and f orming equipment must be developed for fab­
r i cati ng such materials as Vyco r glass and other trans­
parent materials to close t olerances e 

B Non-Structural Applications 

Ceramics and cermets must be evaluated as cutting tools 
f or high- strength materials expected t o be used during 
the five and ten year periods. Ceramic fixtures and 
protective coating must be developed for heat treating, 
welding and other high temperature applications . Means 
must be developed f or applying ceramic coatings , sealants~ 
and lubricants .. 

Materials Handling 

Techniques and equipment vfill have to be developed for special 
handling of many materia l s . Materials formed at elevated tem­
peratures must be protected from atmospheric corrosion. Wide, 
extremely-thin sheet material must be transported without de­
formation. Exhaust and filtering systems will be widely needed 
to reduce health hazards in processing toxic mate-rials, such 
as Berylliuma Any use of radioactive materials will require 
special automatic or remote-control machines; controls for 
chips and coolants ; insulating n~terials; measur ing methods 
or gages ; and waste disposal equipment and techniques . 

IX Electrical 

Developments in this area within the five-year period will in­
clude a gradual transition to numerically controlled equipment . 
Within five years development also must include equipment for 
fabricat ing wiring required for service at l200Fe This could 
involve special equipment for bending high-strength insulating 
materials or metallic- sheathed , high temperature insulated 
conductors. Hire termination equipment also must be considered-­
either mechanical crimp or spot-weld crimp combinationse 
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X Electronic 

ELECTHONIC 
TESTING 

Over the five-year period, machine soldering processes must be 
developed to include improvements in icicle control D positive 
definition of joint quality, and inspection method3o Generally, 
equipment will have to be more automatic., Both processes and 
equipment for solder termination will have to be developed to 
improve present types of circuit cards for operating temperatures 
in the ?OOF range .. 

In the ten year period there must be further development of 
flexible and/or multiple-layer circuit cards and associated 
processes and equipment for operating temperatures in the lOOOF 
range. This will involve new insulating sheet material, new 
adhesives 11 and new processes and equipment for component lead 
termination. Mechanical or welding tools or a combination of 
them will probably have to be developed for lead termination 
for the lOOOF range. 

XI Testing 

The trend toward miniturization and integrated system packages in 
the end product will require functional test equipment with in­
creased accuracy and hi~her reliability. Such equipment will be 
internally complex but ~tst be externally simple in order to 
reduce operator skill requirements. 

Standards and facilities must be developed for testing in 
controlled environments in order to evaluate the effects of 
atmospheric substances, radiation damage, behavior under 
radiation, thermal conductivity, thermal expansion and strength 
at· temperature. 

Hydraulic and pneumatic testing will be done at higher temper­
atures and pressures. It is anticipated that pneumatic control 
aysterns will require pressures as high as 100,000 psi, thereby 
creating a need for new types of pressure n~nitors and increased 
safety prov1s1ons during tests. High altitude flight will also 
create a need for testing at very low pressures .. 

Entire test sequences will be recorded on tape for automatic 
testing. The trend is toward memory drums and storage devices 
that will be able t o compare and rMke decisions with regard to the 
accumulated test data. 

The need for precise mecharlical measurements will create an 
increased trend toward the u:Je of optics in test equipment. The 
i ncreas ed use of transistors will require new and improved 
test i ng techniqes .. 



INSPECTION 

As the utilization o f exotic and expensive materials increases~ 
non-destructive testing will become more and more importanto 
Continued effort must be placed on getting a maxinrum of data 
from a amall quantity of material . 

A break-through in the use of &Tavity or anti-gravity for 
propulsion will create a need for entirely new testing methode 
and techniques" 
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XII Inspection 

Improved inspection techniques and equipment in all areas ;wiQl 
develop as new materials become more familiaro Particularly 
needed, however, is e:>..-tensive study to incorporate non-destructive 
assembly inspection devices into assembly tools o Also needed ~ 
in the near future is a fast and accurate 9 non-destructive in­
spection method for honeycomb ~lelso 
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