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CHINEDH RESHARCD Jo0 D mrdi CepEny oF PRERO=-BASE hIGH TEAPERATURHE

ALLOY GH 140
Huang 'u Xlang

Tn aviation en-fras, vhe Tlome tubes of the carbuntion cnnmpers are
an important hot jun-tion corponent. Because of the fact that
the walls of these flarc tubes are always existins under very
high operating temieratures, thelr distributions are very uneven,
and in operation, they often give rise to periodic changes; the
result of these changes is to lead to very large thermal stresses
and these stresses cause the flame tube to give rise to cracks
and twisting deformations. In order to satisfy the utilization
requirements for the compcnents of the combustion chambers, in
countries outside China, it was general practice to make a great
deal of use of high tempcrature nickel alloys strengthened by
solid solutions in order to manufacture these types of components.
Thes2 alloys all had exccllent characteristics in the areas of
resistance to oxidation, high plasticity, definite thermal strengths
and good working characteristics in such areas as thermal fatigue
characteristics and blast pressure characteristics as well as weld-
ing capabilities. OQur country is a developing nation and in order
to save on the cxpense of the precious element nickel, at the
same time that we were developing high temperature nickel alloys,
we put 20 years of research into another idea and developed a series
of ferro-based high temperature alloys to be used in the manufac-
ture of parts for the combustion chambers of engines for aircraft,
the operating temperatures of which would be 95000 or lower.
GH140 alloy is nothing else but one type from this series of alloys,
a type which has been relatively successful and which can be applled
in the widest range of uses of all the alloys in the series. This
alloy makes use of a solid solution strengthening process and is
capable of satisfying the utilizatlion reaquirements involved in man-
ufacturing parts for combustion chambers; 3t can also be uscd in

the manufacture of aviation engines with operating temperatures at
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or under 850%n oowell a0 in the manufacture of parte Tor com-
bustion chambere in afterturners or thrust aucmentation systems.
This alloy is alreqdy in productlion and use and has undergone o

long pericd of testins unicr conilitions of actual application;

the results have been cxcellent and the use of this alloy hacs

saved larece amounts of the element nickel for our country,

Besides this, because of the fact that the working characteristics
of this alloy are so very ~ood, that 1t is reliable when it is used,
and that it is inexpensive, 1t has been welcomed by various fac-
tories involved in production for aviation and it has been stead-
ily gaining wide acceptance in the field of production for the

sorts of turbine jet engines which are used in civil aviation.

At present, GH140 alloy has already become one of the widely used
high temperature alloys employed in the aviation industry of China.
The important types of this alloy which are produced are in the
forms of cold-rolled thin plates and hot-rolled intermediate plates;
besides this, there are other forms of the alloy such as wire
materials, rods, forged goods, hot-rolled tubing as well as cold-
drawn tubing and so on.

A SIMPLE INTRODUCTION TO ALLOYS

The base for these alloys is a so0lid solution of Fe-37Ni-20Cr
which uses the elements 2W, 2Mo, Al, Ti and so on to carry out a
complete strengthening with the Austenite bodies. A high chromium
content maintains the alloy 1n possession of excellent capabilities
as far as resistance to oxidation and resistance to corrosion go.

A high nickel content maintains the Austenite base with an adequate
stability, (this type of composition causes the alloy, when it is
put through the process of solid solution, to maintain its single
phase Austenite structure (Figure 1)); moreover, this composition
also glves the alloy excellent overall characteristics. The pro-
duction of this type of alloy can be done by making use of elec-
tric arc furnaces, electric arc + electroslag or vacuun automatic

rake techniques and so on in order to carry out the metallurgical
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procecsaes roegquired,  Thoe A1 and T contonts of the alloy hnave
extrenmcly Yharee Influsnces of the nochaniceal eapabilities of these
high temperature 2lloys,  In order to Insure that the alloys will
be poccesocd of un exenllont combination of strensth and flexi-

bility or plasticity, whenever the vorlous metallurpical processes
involved are carvrried out, it is necessary to exercise strict con-
trol over the contents of Al and Ti.

The mechanical characteristics of the various kinds cf semi-
finished goods in which these alloys come are set out in Table 1.
The physical characteristics of the alloys are set out in Table 2.
The specific gravity of this sort of alloy is 8.09 and that is
small when compared to alloys based on nickel. The characteristics
of this sort of ferro-based alloy in the area of resistance to
oxidation are excellent and they are similar to those of the nickel
based alloy £J&6OX . During long term operation at temperatures
of 800°C or leSs, it is generally not required to make use of pro-
tective measures (see Figure 2). This sort of ferro-based alloy
has excellent characteristics in the area of blast pressure tech-
niques and it is possible to use this type of alloy in the manu-
facture of various forms or types of complex deep blast parts or
components. The capabilities of this sort of ferro-based alloy as
far as welding goes are excellent; they can be used with argon arc
welding, spot welding, seam welding as well as methods as solder
welding and so on in order to make connections between different
pleces of the material.

MECHANICAL PROPERTIES

The tensile properties of cold-rolled thin pyptes of this sort
of ferro-based alloy (thickness 1.5 mm) under different types of
temperature conditions can be seen in Figure 3. The tensile
strength of this sort of alloy drops relatively little in tempera-
ture conditions uiider 6OOOC; it 1is only about 600°C that one begins
to see drops in this sort of capablility of a relatively large
scale; however, even right up to 800°C, it 1s still possible to

o
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malntaln o cortain ciren-th Tevel, An Taroan yleldine stiensth
. . . . 0
csoes, whoen one jo denlin-s witn a foemporature level of 7007°C, the

fluctuations are rolatively larmse; as {far as the characteristic

b

Is concerned, 1t 1c Importunt to muintiain very careful contrcl of
the amounts of Al and T! which are put into the alloy; when the
contents of these two elements wpre hish, then the yielding strensthn
of the alloy will alcso be relatively high., These corts of ferro-
based alloys, throurhout all the temperature ranges which were used
during the course of the testing of thesc alloys, always had very
high plasticity levels. Below YOOOC, one would sometimes see the
occurrence of areas of low plasticity; this phenomenon is related
to the metallurgical processes involved and the composition of the
alloy. Hot-rolled medium plates, in temperature environments of

800°C and more, were possessod of quite high strength levels.

A I /

Figure 1. The structural form g O

of the solid solution alloy A S .
GH140. 1In the austenite base, ’S':~‘§}’"‘ G
there is an even distribution e TN TN
of Ti(CN) granules. 105 NS Ly
oxalic acid dialectric corro- -]. V; SN BRI
sion, 800x T ” el

YTy O SN
When one was testing thin plates of the ferro-based alloy with

a thickness of 1.5 mm, then the number cof times such plates could
be bent back and forth before they broke was 21-24 times; the
blast depth in the experiments or tests which were carried out was
11.0-11.4 mm and this helps explain the fact that this sort of
ferro-based alloy has excellent working plasticity at room temper-
ature.

THE LONG TERM OR ENDURANCE STRENGTH OF THIS ALLOY 4

From the Larson-Miller curve in Figure L, one can see that,
in temperature conditions of 7COOC or less, the long term or endur-
ance strength of this sort of ferro-based alloy 1s somewhat higher
than that of the Soviet nickel anlioy £J402 ., and that, when the

oy
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TABLE 1. The sochantesl oharaetorictics of Lhe wariour
forms of semiainiciod -rons winlely wre made Cram GIFTAD
alloy (the reoalus peorentod Lo low are mintoe volues)
type of goods tynoe of fiarm oy Po ann ¢
c B M 3 6 )
b alY b SO
ko/mm?l Tl ke menth ~
cold-rolled | .
thin plate 1050010307 air cooled | 65 Lo~ 123 ho | -
hot-rolled o
medium plate 1080~1090° aipr cooled | 65 4o 1 45 |25 bo |50
o .
rods 1080+10°C air cooled | 63 bo 1 U5 o8 ho | 50

temperature conditions are 300°C or more, then the characteristics
of the two types of alloys are basically the same. The curve for
high temperature fatigue in plate-type examples of Gﬁluo ferro-
based alloy can be seen in Figure 5; in this figure one can see
that when the temperature of the alloy is 700°C, the fatigue
strength is 32 kg/mm2; one can also see that when the temperature
of the alloy is 800°C, then the fatigue strength is 16 kg/mm2. The
results of experimentation in the area of thermal fatigue &lso shows
us that the thermal fatigue characteristics of GH140 alloy are
quite comparable to those oflﬁLﬁOQ» alloy. The overall dynamic
characteristics of these ferro~based alloys are completely capable
of satisfying the requirements for use in the manufacture of com-
ponents for flame tubes.

HEAT TREATMENT AND METAL PHASE STRUCTURE

When one is considering the case of plate-type materials, then
in temperature ranges of 1060-2600° C, after treatment with solid
solutions 1s accomplished, all of these types of materials are
capable of achieving a unified Austenite structure. However, fol-
lowing alonpg with any increase in the temperature of the solid
solution, proec an elen;ation of the Austenite crystals; concurrent
with this one finds that, when the long-term or endurance strength
of this type of ferro-based alloy as well as its creep strenpth go

up, then their instantancous, hiph temperature strength goes up

(924

e




2% Brey -

as well, and the fativrue strencsth nand the hirh temperaturs plact -
icity of thic type of alloy o decwn., In order to achlieve orxcell-
ent overall characteristlies when one mukes use of GH140 plute-type
materials in the munufacture of parts for flame tubes, it is poss-
ible, at 1OSOOC, to carry out a [inal tempering; given thic, ot

the time when the blast pressure forms the parts, a concurrent heit

TABLE 2., The physical characteristics of GH140 alloy

Temperature}lodulus offcoefficient {Coefficient] coefficient of thormal
oC elasticityjof linear of electri~ conductivity in
kg/mm? expansion cal resist+ calories/cm - sec.°C

mm/me " C ance
(20%Cc-7°C) Ohims emm?/m

20 16800 - - 1.07

100 19350 12.7%x10°* 0.036

200 18750 13.8x 107 0.040

300 18300 14.3x10°* 0.043

400 17700 14.6x10°° 0.046

500 16900 16,1 %107 0.050

600 16300 15.4x 137" 0.053

700 15400 15.8% 107 0.058

800 14750 16.3x107* 0.060

800 14000 18.7%107* 0.083

1000 13000 17.6x 10" -

treatment can be carried out at 1050°C. At this time, it is poss-
ible to completely eliminate all the hardness of the material as
it has been worked and it becomes possible to achleve a crystall-
ine structure of uniform fineness. In the case of components for
atterburners or thrust augmentation systems and their combustion
chambers, the appropriate temperature at which to carry out the
same sort of tempering procedure 1s 1150°C; at such a temperature,
it is possible to achieve the greatest long-term strength as well
as the greatest creep strength,

A}
The type of alloy which we have been discussing, after it

undergoes the solid solution treatment, and urdergoes long term
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3 decomposition of the roluticon of She colldo, ~iving rice to cuch (
conmponent phases ns Cr??Cé, y', o0 ung Laves, If we take the covce &
in which thr lloy huu-i~vn cxpeoced Yo the long term officots of ‘

o)
7007C temperatures, thoen *he amount of decomyosition i1s relatively

large with an overall amount or approximately ST; see Fipure £

r‘/, 4 e
CP2306 is a principzl corystalline boundary strensthening phase; its
- ,
c s . . . N
deconpocition or "splitting off" temperature range is $%0-900 C; i

when the temperature 15 relatively low, it takes the form ¢f a thin

chain; with increases in the aging temperature, this shape becomes

i
gradually elongated; moreover, 1t becomes gathered together until ;
it assumes a globular sharpe (Figure T7a~c). In the analysis of the ;
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Figure 2. The increase in Figure 3. The tensile characteris- |
weight due to oxidation (1) tics of GH1L0 alloy in the ferm of
and the depth of,¢cxidation cold rolled thin plates in the
between crystalspgifter 100 form of a solution of solids o |
hrs of testing or GH1A40 (temperature maintained at 108C~C (
alloy in a high temperature for 10 sec, air cooling). '
environment of static air. :

1) kg/mm?; 2) experimental temper-

1) amount of oxidation by ature; 3) kg/mm?
welght in grams/m? hrs; 2)

temperature; 3) depth of '
oxidation between crystals

in mm
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of these ¢lobulaes 1s rrestest at 7OOOF and that the size of the
y' polnts as well as tholr number and stability are determined by
the content of Al and T1 in the alloy and particularly by the dis-

tribution of them In the cryctnls.
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Figure 4, The long term strength Figure 5, Fatigue curves for

of GH140 allcy in the rorm of plate~-type materials made from
thin plates as shown by Larson-~ GH180 alloy and exposed to high
Miler curves (1080°C solid solu~ temperatures (1780°C solid solu-
tion treatment)., T is the temper-tion treatment)

ature for the tests (°K). ¢t is
the long term life of the alloy
in hours.

1) stress in kg/mm?; 2) cycle
number

1) temperature; 2) time in hrs;
3) stress in kg/mm?

&— 0 and Laves phases are two types of flawed phases which occur
with aging at 7OO-SOOOC; their occurrence is particularly found dis-
tributed in the crystals; they can present the form of necedles or
sticks as well as that of globular pieces of matter (Figure Tb-c);
in the aging process, these objJects are very rapidly lengthened

and are capable of lowcring the strength and the plasticity of the
alloy involved. The Laves phase (Fe. Mo form) appears at 700°C and
<
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we may VuKoe Uhoe oo rhooe o thes prinoary ocere sinee Lhie Loves phoe

is very rar~, At 00T only o che o orhore arpeare snd orostoof the 1

vime It rescebes g concentrutlion ol 40 or the alloy.  To sunrmaring ;

everythin-, .ins o tne et thot the desroc ol amaloanntion o the L

elemints which =5 to-ctdioer to form U140 1lcey 1o relatively low,

in the prococes o lons term wolngs at hicsh temperatures, the nusbor

of second phause occurrcnees ic relatively small; becaure ol this
fact, trere are detinite limivations impeosed on the influence which

these occurronces of secondary phaoes can have on the cnpabilitie

of the alloy. Tor example, when the alloy 15 subjected to long
. - e - O
term agzing Tor 2000 hours at 703-°00

C, the rote of elonmation at
room tempcrature dropce 2 maximum of 177; 1t can be seen that the
effects of long term 2cing In terms of changes in the hicrh-tempera-

ture capabilities of the alloy are relatively small,

BASIC FACTS CONCERNING APPLICATICONS

GH140 alloy was primarily developed to be used for the manu-~ |
facture of parts in combustion chambers. This type of alloy has
seen use as a replacemncent for nickel-base alloys in the manufacture
of several types of turbine jet engine combustion chamber flame
tubes (see Figure 8); moreover, long-term application tests have

been carried out on this type of alloy and the results have been

excellent. After the GH140 alloy has been used in the flame tubes,
the incidence of malfunctions has been similar to that which was the
case with the nickel-based alloys. Of the parts which are manu-

factured out of this type of alloy, the mailn ones also include

afterburncr or thrust augmontation diffusion devices, the bodies

of afterburner or thrust augmentation tubes, tranafer rings for
afterburners or thrust augmentation devices, and the skin of the
aircraft as well as other similar components. The life of the
flame tubes, depending on the conditions under which they are used,
can be very different and show very marked variations; for example,

in some turbine jet oneines, dne to the ract that the number of

ey

times which the engines were started up was relatively great and
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the flame tubos wore used, they caw the cccurraence of froaden®

malfunctions ani =h ir 1ives were roiatively rhort--in vcenerel | 2
fod hundred howes o on the other hand, whon one 1z considerine
turbine blades and the turbincs themselves in ensines whiceh are

allowed to run rolztively longr Limes onee they are started up and,
in which the changes in the opertting nmodes were relatively small
and infregquent, then mallunctions of the flame tubes are relatively
few and the useful 1life of the flame tubes 1s generally several
thousand hours. As was also the case with alloys bacsed on nickel,
alloys which are based on iron make flame tubes whiceh, during their
use, freguently give rise to malfunctions and suffer from the prob-
lems of burning, distorticns and cracking as well as other related
problems. There 1is a very close relationshir between the aprea

ance of these sorts of malfunctions and the structure sni conditions
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of use of the flame tubes involved; the most importfant among these
0

factors are the operating temperature of the walls of the flame
tubes involved as well as the number of temperature or ciculatory
cycles., Actual application of the type of ferro-based alloy about
which we have been tualking demonstrates that when flame tubes are
possessed of excellent design structures, then this guarantees the
prerequisites which are necessary for the reliable operation of the

materials used in those flame tubes,

ol
Figure 6. Changes in the number of Jlotne L,]/’
phases which apnear in GH140 alloy . L

during the process of 1ts aging over . P |
extended pericd in 700°C temperatures % r }77‘
1) percentage of apnearance of second- E!r»' .-vﬁj$?=if—
ary phases; 2) overall amount of E sl by e i |
appearance; 3) acing; 4) solid (one '-é;;%fﬁ%j:ﬁﬂﬂiﬁu e
character illeyrible); 5) oging time ool S ;.er;.tru
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A struactural capability analycls wos done on samplern tnaken
from ring combustlion chamber flume tubes of turbofan enpgines which
had undergone 2000 hours of «xtended uce (Fipure 8d). On the
basis of the findings that the maximum operational temperature for
this type of flame tube wac 780°C and the fact that most of the
components had operating temperatures between 500 and 7OOOC, the
flame tubes which had gone through extended operation still did not
show the appearance of majesr malfunctions. The various sections
of the flame tubes we have been talking about, btased on the differ-
ent operating temperatures for each of them, have the different
phases of CruC. ¥, ¢ 2and Laves. The mechanical characteristics of
the various sections also undergo changes to differing degrees; to
generalize, the high temperature instantaneous tensile strength and
long-term strength for the varicus sections of the flame tubes are
both increased and some undergo relatively large increascs; on the
other hand, the plasticity of the various sections experiences
something of a decline and the rate of expansion or stretch is at
least 15%. 1In the viecinity of gas film holes, the heat fatigue
characteristics of the materials which we have been discussing are
still found to be maintaining the levels of the original materials.
This takes one more step toward demonstrating that, when the opera-
ting temperatures are 800°C or less, GH140 alloy is capable of
extending a reliable use in the operation of the combustion chamber
components about which we have been talking; the turbofan-type
flame tubes which were discussed above, after going through 2000
hours of use, were still capable of continuous, long term operation

even further into the future.

If one makes a comparison between GHlHO‘alloy and the nickel
base alloys which it replaced, one finds that therf are the follow-
ing weaknesses associated with it; 1) the high temperature resist-
ance of the ferro-base alloy to oxidation was somewhat 1nhadequate,
and in extended use at high temperatures (such as temperatures
higher than 900°C), it was easy to get the appearance of burning

malfunctions; 2) the fratigue strength of the ferro-based alloy was

somewhat low in the medium range of operating temperatures (500-600°0)

11

e -




Figure 7. Structure of Ghlid0 alloy after long term aging of various
temperatures,
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and this resulted in the rate of faillures due to fatigue which were
produced in components with certain definite types of structure forms
and operating in the medium range of operational temperatures being
somewhat higher than the corresponding rate for the alloys which were
. based on nickel; 3) in the case of the ferro-based alloy, the

§ structural stability which was found during extended use at high
temperatures was somewhat inadequate, and it was easy for changes

to take place in the capabilities of this type of materlal. The

weak points of this type of ferro~based alloy, as they have been

; discussed above, can be overcome 1in certaln ways during the actual

| application of'the alloys; moreover, 1t will be possible hereafter

to continuously Iimprove on thesc weaknesses durlng the process of
research into and actual application of these types of ferro-based

] ' ’
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alloys.
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Figure 8. Several types of combustion chamber flame tubes from
aviation engines. These are manufactured using GH140 alloy.

a. single tube type; b. ring type; c. tube ring type




-~

Introduction to o Thctory which upecinlivers din the pvoduetlion of

precision c¢aot compononto

HOWMET TURBINE COMPONENTS CORPCRATION
[Througshout this document the Hau Mei Te Company=licwmet Turbine
Components Corporatvicn in iluskegon, mlcnigan., J
Hua Rui-xi

The Howmet Turbine Components Corp., 1s the largect pre-
cision cast compeonent company in MNorth America; it specializes in
the production of precision cast components which are used in hot
junctions of turbine engines and it supplies various companies
which are major producers of aviation engines and gas turbines as

well as subsidiaries in Europe.

According to statistics, this company produces products 367
of which are used in engines for civil aviation, 24% of which are
used in aircraft engines for military use, 207 of which are used
in engines for use on land, 5% of which are used in the aerospace
industry and the rest of which are used by industry in general., As
far as the products of this company are concerned in the area of
precision cast components, it can be said that they are used in
most of the civil and military aviation engines in the world. At
presenf, several types of aircraft engines which the U, S. 1is cur-
rently using all make use of the precision cast components made by
this company. For example, the engine called CF6-50 makes use of
16 types of 855 components; the JT9D engine makes use of 15 types
of 1434 components; and, the F100 engine makes use of 25 types of
454 components., In the last 10 years, the amount cf sales for this
company have increased without a break every year; in 1976, its
sales reached 200 million U. S. dollars.

This company, beginning in January of 1976, became a subsidiary
or branch company of larger firms; this move obtained for them
stronger technological and financial support. However, this com-
pany cstill hgs its own management as well as executive staff,

accountants, audltors and so on. The cmployces of thls company
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nurmber approxinately 5000 people.  The home office of the company
. © . . v
is locata? in Fnuﬂby/r]n, Mehiqang the five coordinate offices or

sections which are get up under tils headquarters are as follows:

single-shell or sinmle-plece cact component cection, the internn-
tional Industries scetion, the 21loys section, the product service
section, and the active metals section. Besides this, there is
also a technoloyry center which provides technological support to
each of the various other sections. This company is not only
capable of providing precision cast components, it is also capable
of providing products in the form of spare parts which can be
mounted straight unto an engine. The active metals section is
capable of producing titanium ingots and pure titanium cast compo-
nents as well as sponge-type titanium. Each of the sections about
which we have talked can be further divided into several sub-divi-

sions.

All together, the whole company has 15 of these sub-~divisions.
Each of these sub-divisions independently and individually unlier-
takes the responsibility for the accounting of 1ts production costs
and profits as well as for its engineering development and its
sales. The personnel responsible for each of the sub-divisions
possess gquite a large amount of freedom of action to carry out the
development of thelr varilous enterprises.

Now we will take this company in terms of its various offices
or sections and sub -sections and give a simple introduction to
them as follows.

One. Sinele piece castings section. This is the main section or
office of this company and it 1s divided into four sub-sections
which take on the responsibility for the important tasks associated
with production. The alloys section and the product service sec-

tion as well as other sections of a similar type all coordinate
the development of thelr activities with the single pleze casting
section. The active metals section produces titanium alloy cast

components and cast Ingots,

™
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1. fdhe ADD divicion is loeated in Hoew Jerrey qnd produnc:s
mainly precicion cust components of the blades In aviation enc-ines
which are uscd in civilian ond military applications. aAmorny thes
products there are many which are air cocoled blades mude of nickel
base and cobalt base high quallty ~#lloys. The products of this
section make use of ceramlc form ccres which are made by the com-
pany itself in order to form tne fine internal cavity pazsagewnys
in the bladec and other similar products., One of the specialitlies
of this section is the production of directional crystal cast com=-
ponents. Turbine blades which employ directional crystals are
capable of eliminating horizontal crysta. boundaries along the
intake edges o¢f the blades; by doing this, it is possible to raise
the high temperature strength of the blades. This technology was
first developed by other American companies. However, the Hau Mel
Te Company, by acquiring the license for production, has already
become the principal firm which supplies directional crystal cast
components. This company is, at present, in the midst of develop-
ing the technology for the economically practical production of
high quality single-crystal and eutectic crystal allocys.

2. The ALD branch is located in Laporte, Indiana. This sec-
tion is especially involved in the development of the technology
for the large scale production of complete precision cast compo=-
nents; these sorts of components are principally used in smali-
scale turbtine engines, This section did the complete casting of
the compressor stators which involved eight stages and were used
in the test manufacture of the F-100 engine. This section dis-
covered the pattern, made from a mixture of plastic and wax, which
is capable of causing an increase in the precision of cast compo-~
nents as well as 1in the smoothness of the surfaces of those compo-
nents. Thls section also produces a lot of vane wheels for press-
urization in diesel engines and its sales are undergoing a rapid
increase. It also produces structural components for small engines
such as components for the combustion chambers of afterburners,
turbine and 5ompronnor cacinrs as well as axial bearings and other
components of a almllar kind.
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3. The MHD coctlon 1o loeatod in Humilten, Vie-inle and
specializes in the production of Yarc-e=senle cnat components for
use in rmas turbine oncines for usce on lund, Its technolo,y and

equipment are all set up accordim: to the requirencntc for the
making of large-ceale cast conponents, The key producticon ory-in=-
ization of this section has tvoen cutonated, has been equivped with
a large-scale muachine for the addition or wax as well as with a
mechanized production lin2 for the manufacture cf casting molds, a
one million volt piece of X-ray cquipment and other related types
of equlpment. This section has developed techniques for increas-
ing the degree of precision in the dimensions of products and
these techniques make it unnecessary to make corrections to the
cast components which makes it possible to reduce the residual
stresses involved. The largest vacuum cast components which this
section is capable of producing can reach 91 kg and those compo-
nents which are cast in the open air can reach, as a maximum, 136

kg.

4. The MWD secticn is located in Michigan and 1s the largest
section of the Hau Mei Te Company. This section specializes in the
manufacture of the cast components for blades used in aviation
engines which are employed in both civilian and military appliica-
tions. Among these components, the majority are complex and have
high precision air cooling passageways in them. The primary res-
ponsibility for the selection of the most profitable techniques for
the manufacture of one-~piece castings lies with this section.
Isothermal static pressure techniques are also one of the areas in
which this section is involved. These types of technical produc-
tion methods are capable of causing cast components to achieve thneir
maximum possible reliability levels while, at the 'same time, adding
as little as possible to the expenses involved. This section also
has facilitles for the manufacture of directional crystal compo-
nents, The production costs for the manufacture of directional
crystal componcnts usually turn out to be 20-507%7 higher than those

for ordinary cast components; at present, the market requlrements
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for this new type of cowmponent arc not as high ac they were origs-
inally forecast to be nnd, as a recgult of this, this company has
taken its fncilitles for the manufacture of direcctional crystals
and put them into reserve, so to speak, while it rclies mninly on
another section of the company to be the supplier of directional

crystal components,

Two. Product Service Secticn., This section 1s organized from

three sub-sectlons, that is,.the Product Processing Sub-section,
the Recoating Section, and the Ceramic Products Section; all of

these sections are located in Michigan.

1. The Product Processing Sub-section. The Hau Mei Te Com-
pany, several years ago, began working on the idea that the users
of their products could supply them with engine components which had
already been through the basic manufacturing process. At present,
this sub-section of the company does remanufacturing work on 150
types of already finished and reusable components for 15 plants
which manufacture turbine engines. This sub-section is equippped
with various types of machine tools and lathes. One type of equip-
ment which is particularly worthy of note 1is the revolving preci-
sion polishing lathe and the electrical discharge working lathe.
These two types of e€quipment are both used to work the blade crowns
of the turbine blades of engines as well as the blades of the guide
vane devices of these engines. This reworking takes the form of
operations performed on the interior and exterior surfaces of these
blades as well as work done on the small coollng apertures in the
blades. This sub-secitcn 1s also capable of lon-sproy plating onto
certain localized surface areas of complex, high gquality metallic
structures an abrasion resistant layer; this sub-section also pro-
vides such services as gas protected, tungsten electrode arc weld-
ing, vacuum soldering and welding, and so on. At the present time,
the process of working on the high quality metals in sensors al-
ready makes widespread use of low stress friction "peeling". This
technigque was first developed in no other place than this sub-sce-
tion of the Hau Meil Te Company. This sub-section is also equipped

~




with the latest what 1o neececonry Lo carry out rrocodurcs Oar

testing mencurement detorming ton of the caunes or damagre and &
wear in componcnts without hovins te harm those components. By
means of this equipment, fhis sub-sectlon can carry out effective t

control measures over all aspects of the prodicts with which it

works.

2. The recoating section. Each year, this section handles
300,000 pieces of company product. The Hau Mei Te Company has
developed a series of protective coating layers as well as working
techniques which have allowed the company to reap particular
benefits; these techniques include the recoating of electrodes,
diffusion coating layers in hydrogen gas, the recoating of pre-
cious metals as well as the newest types of multiple coatings and
so on. This section is capable of recoating the crowns of turbine

blades with hard materials; moreover, it can undertake the job of
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overhauling old turbine blades and it is also capable cof selecting
for the user the ideal coating layer to be used in a given case as
well as the sequence of the heat treatment required.

3. The Ceramic Products section. This section specializes
in the manufacture of the ceramic core forms which are used in the
formation of the cavities inside the blades of turbines. These
core forms are inserted into the wax forms. After the casting of
the components 1s completed, use 1s made of the chemical corrosion
method in order to get rid of the cores. Another of the activities
of thls section is the manufacture, for the Hau Mei Te Company and
others engaged in the business of precision cast components, of
crucibles manufactured from granular zirconium. This type of cru-
cible is capable of lessening the chances of metals being polluted
during the casting process; moreover, crucibles made of this sort
of material have relatively longer lives than others. Thls section
is still not equipped with facilities for the rejuvenation of the
materials used in the form shells used for the casting process;
this type or)capability makes 1t possible to reuse 507 of the

materlal from the casting forms which are usec by the entire one-
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plece castine cecetion, Thlo cort of rouce would not enly obvicus-
ly lower production codts, but it would nlso be capable of reducing
the dependence orf this company on matvterlals purchasced elsewhere,

Three. Alloy Section, The Alloy Section is ormanized from the

arant alloy sub-cection, the metallic products sub-section, and
bl b ]

the crucible steel cast component section.

1. The parent alloy section. This sub-section is located in
New Jersey. The principal task of this section is to produce and
supply the high guality alloys based on nickel and cobalt which are
smelted by induction in a vacuum and are used 1in precision casting
activities. This sub-section is also capable, based on the require-
ments of the user, of producing cast ingots which are smelted by
induction in air. After the alloys are smelted, whether it be in
air or in a vacuum, they are then made into bar-type materials after
which the bars are again transformed into bullet-shaped materials.
Some high quality alloy material which is smelted in a vacuum is
also capable of being made into the form of a powder in order to

satisfy special requirements.

This sub-section is equipped with various types of vacuum
inducing furnances and the volume of the largest of these reaches
five-and-a-half tons. The sub-section is also equipped with photo-
electric direct display photospectrascopes and other similar
modern analytical test equipment.

2. The metallic product sub-section. This sub-section is
located in Michigan and produces pellet-type or inzot-type raw
alloy material for resmelting for use in supplylng most ol the pro-
ducts which are smelted in air by this company and also to supply
the needs of other companies. Thils company also produces high
temperature corrosion resistant sand form cast alloy components
and hardened layer welding rods.




This sub-veztlion of the compuny hus four Induction furnaces
with a total yvearly rroduction capability of £000 tons., This sub-
section produces weldinsg rodc which are manufactured inside placs
tubes by speclial types of production methods and these are capable
of maintainins excellent surface gquality and cleanness. The
facility wnich allowc the continuous casting of welding rods beran
production in late 1977 and is capable of producing 3.6m welding
rods.

3. The crucible steel cast component sub-section. This sub-
section is located in Milwaukee, Wisconsin, and produces carbon
steel and low alloy, high strength steel cast components which are
used in industry in general; these components consist of such
things as axial bearings, large-scale valves and other similar
components, This sub-section also produces cast components from
stainless steel. This sub-section 1s equipped with two direct
electric arc furnaces with a capacity of seven tons. Each month,
this facility is capable of producing 2000 tons of components
ranging from 0.2 kg parts to 6.8 ton components. This sub-section
is also equlpped with full no loss flaw detection equipment which
includes supersonic test equipment, magnetic test equipment and
X-ray test equipment. This sub-section also has a vacuum photo-
spectrascope for analytical purposes.

Four. The Active Metals Section. This section is organized out

of the Titanium Ingot Sub-section, the Titanium Casting Section
and the Honeycomb Titanium Section. All of these sections are
located in Michigan.

1. The Titanium ingot sub-section. This sectlion makes pure
titanium alloy iﬁgots for commercial uses. The diameter of the
standard ingot is 680-910 mm and the standard weight 1s 4.,5-6.3
tons. The diameters of the largest cast ingots produced reached
up to one meter, and the welghts of these ingots reach up to 10
tons., This sub-section is equipped with one non-consumable elec-
trode eldctric furnace and two consumable electrode electric
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furnaceen,  Heatdoes ticonlum incoto, thic cub-orectlon 1o supypltien :
the resmelting eloctrode poterial for the titanium castin: sec- .
3
tion of this company,
2. The Titantum Tnastine cecticon,  The precision castines tech-

nolegy of the oy Mol Te Comrnny hss already been o

ing of titanlum alloy pavtc. The surfuace cleanness of these parts

]
[

n

as well as thelr mechanical chirscteristics can both be consi
superior to those of [loryged titanlium cemponents, The precisi
of the dimensions of cast titanium parts only requires the ap

cation of a very small amount of mechanical working.

Due to the high level of activity of titanium alloys, these :
alloys (continued page 11).
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NEWSBRIEF

A look at the seccond peneration of supersonic passenser planes.

A recently released U. S, Congressional report discussed the ques-
tion of the second generation supersonic passenger planes and the i
main thrust of its contents is outlined below.

The second generation of supersonic passenger planes can |
carry more passengers than can the Concorde generation of passen- !
ger planes. The new generation flies faster and by the year 2010, L
will reach a total number of 400 planes (at a cost of 50 billion
U. S. dollars) and these new planes will be able to replace 800
subsonic passenger planes., f

The production of this type of aircraft will be decided by
the future price and supply of fuel, the requircment for long dis-
tance travel, the solution of several technological questions
(such as the reduction of noise, and so on) and the availability
of funds forlgxperimental production.
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Althou-h thie dntis Tl pr duction of crgoorconle pnosoncer

rlones will Lo obio rn carply relaticnly larso ameounts o bucinecs

[

(Lhils fo speaxing relstive Lo new forme of subsonic nascenser

plance) hosaune of whe el concumpt ion o thece new cuncoroonice
plancs, 1% iz nov corsain whether thoy would be worth while ~oling
throurh witnh, It is estlimated that the fuel oconcsumntion ol the
supersonic pussencer plane2s will e 5021007 larger than “hat of
subsonic alrcrait for <cach mile of flight per passenger.  This
simply to say that the price of a ticket on one of the cupersc
passenger planes could be 20-30F% hirher than the cost of a first

class ticket on a subsonic plane,

The amount of capital which will be needed in order to make
test productions of the second generation supersonic passenger
planes will be in the neighberhood of 6-10 billion U, S. dollars,
This greatly exceeds the largest possible capabilities of even the
largest U. S. aviation companies to undertake. One possible way
of solving this problem wculd be for several of the large U. S.
companies to go in together on the project of test production or
to look to international financing.

The U. S. pvlans to strengthen the military reserve capabilities

of its civil aviation tleet., The U. S. Congress has alrecady appro-

priated more than 50 million U. S. dollars for use in strengthen-
ing the military reserve capabilities of the U. S. civil aviation
fleet. In fiscal 1981, it can be expected that another 70 million
dollars will be appropriated for the same purpose. The U. S.
Defense Department has already put out information to 20 civilian
aviation companies about the coming changes.

L]

The funds which have been appropriated will be used to strength-
en the floors of passenger planes and equip them wilth cargo;doors
so that these planes may carry passengers normally during pe&ce
time but, under emergency conditions or during war time, they may
be capable of carrying troops and equipment. The work of changing
the equipment and capabilities of the aircrarlt ls in the stage of
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Althou -l e AInlulal pr o duction of oupcreonle pronorcern
rlanes will Lo bl tn curply relatively Inrese ameount. of bucinaco
(Lhis 1o speakins relative Lo new rforms of subsonic passenser
plance) bhecwuss of the fuel consumption of thece new suncrsonic

planecs, 1% iz not cor+tain whether they would be worth while roing
throurit with., It is estimated that the fuel consumntion of the
supersonic puiscsenser planes will e 50-1007 larger than that of
subsonic aircrzr’t fcr cach mile of flight per passenger. This is
simply tc say that the price of a ticuet on one of the cupers
passenger planes could be 20-30% higher than the cost of a fi

class ticket on a subsonic plane.

The amount of capital which will be needed in order to make
test productions of the second generation supersoqic passenger
planes will be in the neighborhood of 6-10 billion U, S. dollars.
This greatly exceeds the largest possible capabilities of even the
largest U, S. aviation companies to undertake. One pogsible way
of solving this problem wcould be for several of the large U. S.
companies to go in together on the project of test production or

to look to international financing.

The U. S. plans to strengthen the military reserve capabilities

of its civil aviation fleet., The U. S. Congress has already appro-

priated more than 50 million U. S, dollars for use in strengthen-
ing the military reserve capabilities of the U. S. civil aviation
fleet. In fiscal 1981, it can be expected that another 70 million
dollars will be appropriated for the same purpoce. The U, S.
Defense Department has already put out information to 20 civililan
aviation companies about the coming changes.

]

The funds which have been appropriated will be used to strength-
en the floors of passenger planes and equip them with cargo doors
so that these planes may carry passengers normally during peace
time but, under emergency conditions or during war time, they may
be capable of carrying troops and equipment. The work of changing

the equipment and capabilities of the aircraft 1s in the stage of
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bedng corried oun whiile Lhe planes are on the protduction line,
The U. &S0 covoernment hao civen this amount of woncy then, turins
the next 14 yeqrs, durins any time of emersency, the povernment

would e uslliowed to use the alreraft. Because of the z2t that
this sort of chan - in Yhe equlpment of the gircraft involved
means that there will be an increnze in the welpht of the planes,

the rate of fuel consumption for the planes willl also be increased,

and severl of the aircraft companies are resisting this new reguire-

ment.

At the present time, out of all the long distance cargo trans-
port planes operated by civilian airlines, 124 planes can now be
used by the government during times of emergency on the basis of
the new agreement. There are 242 other passenger planes which
have been designated as being avallable to the government as part
of the reserve alr fleet; these planes include 73 Boeing 707s, 104
Boeing 747s, 9 DC-8s, 50 DC-10s and 6 L-1011ls. The government plan
is to change over 43 more passenger planes by 1985,

Besides this, the U. S. Defense Department has also indicated
a hope that several civililan aircraft companies in Europe will make
planes available for the changeover as well in order to strengthen

the military airlift capability of the various countries in NATO.

Israel decides to independently test produce a new generation

of fighter aircraft

Israel has already rejected the idea of producing U, S. fighter

alrcraft in cooperation with the U. S. (that is, modified versions
of the F/A-18, F-18L or F-16) and has decided to independently test
pfoduce a new generation of fighter aircraft. Because of this,
Israel aircraft companies have come out with two different plans

for entirely new aircraft. One plan 1s relatively cheap and 1t
could be 1n mass production by the end of the 1980's. The other
plan is relatively complicated; however, technologically speaking,
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it i el tveds rore e gy e dipntatey o of Detense anleotad
thee clrot desdion. Thic Lone of hew soneratlon Siihiteor o ealled
the "lion"; 14 hac o oneine and in deslin, it ic simllar to the
"yours tion"; howover) 1ts dinensions are relatively smailer, and
i1ts princiral use Is in attack role arainst eround tarcets, It

is 52id that the alir-to-air ccembat cupabilitics of this new plane
will be similar to those of the ¥-15, Tts alr-to-mround capabi-
lities will be better than those ¢f the "younn lion". Tt is ecti-

mated that this plane will be available Lo units by 1988,

Israel has proposed to the U, 3. that it purchase and partici-
pate 1In the construction of the FUYO0U4 englne which will be the power
plant for the new model of fighter plane. The U. S. government
has already expressed its agreement with this idea.

Canada chooses the F-131 fishter plane. The Minister of

Defense of Canada has announced that Canada has selected the F-13A
(the Canadian designation is CF-18) to be its next generation of
fighter aircraft, replacing the present 260 aircraft in use. These
alrcraft in current service include CF-~101, CF=104 and CF-5 types.
These planes are being replaced since these three types of plane
have been obsolete for 20 years.

According to the Minister of Defense of Canada, the CF-18 can
satisfy the various types of military requirements of Canada tetter
than the F-16., This fact was the principal basis for the choice
which was made. From the point of view of safety, it was thought
that the two-engine CF-18 is better than the one-engine F-16.
Besides this, Canada also belleves that the internsl systems of the
CF-18 are better than those of the F-16, generally.speaking.

It is said that Canada will begin taking delivery of the CFP-18
in the last half of 1982 and will receive two planes a month until
19 89 .

The British test the U. 8. test produccd AV-81 airernft,
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Groeat ettty hae sont Tts Royal Alr TForee pilots ao well ns
I

sorme of the test pilots who were responsible for the testing of

the "Harrier" <ype of aircraft by the British aviation and space
inductiry to the U, &, These plilots were sent to run tests on the
prototype of the YAV=23, This project was berun because of the
loss of one YAV-8B 1ast year., At the present time, the work is
still continuing. It i1s expected that the whole job will be
finished by the middle of next year. Arfter that time, the Royal
Air Force will decide whether to test produce the large-winged
"Harrier" MKS5 or to combine the efforts of the MecDonnell-Douglas
Company and the British aviation and space industry in the coopera-
tive production of the AV-8B as a replacement for the "Harrier"

GR3 which is presently in use by the Royal Air Force. The British
are faced with a cholce. They must decide to go ahead with their
production of the "Harrier" MKS5 and so maintain their leading posi-
tion in the design of V/STOL aircraft, or to participate in the
AV-8B plan and throw away their leading position.

In order to satisfy the requirements of the Royal Air Force,
the wings of the AV-8B must be redesigned in order to be similar to
the wings of the "Harrier" MK5; this is necessary in order to
increase maneuvering 1ift. As far as cost is concerned, these two
types of aircraft are very similar. The number of "Harrier" MK5
aircraft that the Royal Air Force is interested in buying is approx-
imately 60-100 planes. The number of AV-8B aircraft that the U. S.
Marine Corps is interested in buying is approximately 350 planes.

Brazil test produces a turboprop training plane. Brazil is

currently in the midst of the test production of the EMB-312 train-
ing plane for its air force (the military designation of this

plane is T-27). The idea behind the plane is this: Develop a

type of military training plane which is new in concept and can

be used for initial and sophisticated military flight training.
Employ a turgoprop engine in order to capitalize on its good char-

acteristics (that is to say, when compared to plston engines).
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This means meee goae of L oot Chat the arborrap eneine Teasons
the amount o0 u~l consured and makes 0 onnlore fopr ctudent pilote
to make the adiucstment to jet alrerart luter, Deslin this new
tralning alrern U 5o that 1t caticsrics he wany reguivermants of
various fli.ht currieuln and, thorofore;, cnn take the place of
various types of trainins aireraft, This will mean savingegs in the
area of ground maintenunce, both in perconnel and supplies. The
adoption of a turboprop trainer will also shorten the amount of
time needed for the transition to jet aircraft. Also, give the
new trainer armament systems equipment to make it easier to carry
out training in firing and combat maneuvers., Moreover, make the
alrcraft capable of taking off from non-standard types of runways;
however, make it require only a minimum of maintenance and make its

purchase cost and operating expenses as low as possible.

This new type of aircraft has the following types of internal
safety equipment: stall speed warning device, overload warning
device, a system to prevent assymetrical wing flap trims, a system
to prevent the retracting of the landing gear on the ground, a
system to prevent the firing of weapons systems on the ground, a
system for the emergency ejection of weapons, if required, and
other similar types of equipment.

The EMB-312 will be used to take the place of the T-37C which
i1s currently in use. The takeoff distance of this alrcraft is
290 m; its landing distance is 240 m; its maximum speed in level
flight is 457 k/hour; its rate of climb is 10.8 m/sec; its service
celling 1s 9,936 m; and, its maximum cruising range is 2,112 km.
The date for the first test flight of the EMB-312 has been set
for the 19th of August, this year. ‘

The Lockheed Company 1s doings research into the completely

electrical airplane

The Lockheed Company 1s currently in the midst of researching




Lhe qu-entiay o2 whether or not medimn oice treanoport planes are

capables A0 sraratine with aleoctrlien) cvsters replacioe the cureont-

v used hy-arqwulle anada pneunmatic cyotenme on thene plancs,  Thic

corpng oot lnites thet the manufactare-urcannd=maintenance of this
3 typc of "ull olectrie™ airernft will be much less costly than the

same catesories of expense for ordinary aircraft.

This new type of alrcraft will make use of permanently muc-~
netized generators, thinly coated with metal and electric motors
to open and close the fuselage doors, extend and retract the land-
ing gear, control cabin pressure and control the track of the 2ir-
craft. This sort of "full electrification” can also recduce the
danger in case of fire because it eliminates the need for hydrzullce
fluid which can leak easily, get hot and catch flire.

The current situation in the research into the concept of the

forward-movine rctor blade

Concerning the research into the concept of the forward-moving
rotor btlade by the Si%%orsky Company, that is to say, the research
into the concept of the ABC rotor helicopter, in level flight,
this type of helicopter achieved a speed of 420 km/hr on the 6th
of February, this year. This is the highest speed yet reached by

a non-fixed, rotary wing aircraft,

The plane for research into the ABC rotor was to initially be
carried out by the use of the Sikyorsky Company's own capital. 1In
1972, this company recelived a contract from the U. S. Army for the
flight testing of the ABC rotary wing. 1In the contract, it specl-
fied that the company would later also produce two test versions
of the aircraft (the military designation for these is XH-59A)}.

At the present time, capital for this research plan has already
come from the Army, the Navy, the Alr Force, NASA and the SiKMor-
sky Company }tsolf. Representatives from all these various apencles
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ot togcthof and checked over thlis research plan in January of this

year; moreovecr, on the basis of test results w~hich are already back,




these ar-cncelies ofoncd wn woeeczient for a Meponth eontinustlon of
this rosoareh pl1uin, Aceonrding to thic plan, the Slb{or:ky Com-
pany will mixe Lests rlont out to a speed envelope curve of

L 555 km/nr.  Conceornin- Yho wind tunnel testing of full-scule

modecls of the rotors involved, thir has zlready been carricd out
on the 29th of ¥ebruary at a NASA research center in order to

speed up the test procram,

Assuming normal {licht patterns for helicopters, the ABC

? rotor helicopter, with a PT6T-3 engcine in the fuselage renerating
the power, 1s planned for a speed of 315 km/hr. If one assumes
complicated helicopter flight patterns, and the J60 turbojet engine
is added to supply auxilliary forward thrust, then the flight

speed planned fer will be 555 km/hr (this assumes loading condi-
tions of 2g).

France 1s {n the nrocess of test producins the M53-F2 engine.

The French governmcnt-run company for the research testing

e e = oy

and manufacture of aircraft engines is currently in the process

of test producing the MO3-P2 engine which is going to replace the
M53-5 engine which is currently used in the French "Mirage 2000".

This new type of engine is going to possess improved low pressure

compressors and much better turbine cocling systems. Due to this

series of improvements, the basic thrust of the engine can be ex-

pected to rise from 5.5 tons to 6.5 tons and the augmented or after-
burner thrust can be expected to go from 9 tons to 10 tons. Besildes
this, the weight of the M53-P2 is estimsated to be less than that of
the M53-5 by approximately 23 kg.

The U, S. is test producine a cruise missile fired from a

fighter planc. The U, S. Department of Defense has zrnounced plans

to test produce cruise missiles to be used tactically by fighter
aircraft; the General Dynamics Company will be required to come up
with a plan for full-scale test production,




The tyre of wmincile boins diccursed 1o g nedium ranre atlr-

to-prouni micalle (MHAC), 1t will be a type of "Tomahawk" miss-
1le with o 350 mile rancse and a conventlonal wirhead (the range
of th: roymular "Tomabwk missile ic 1800 miles)., It is planned

to fire the miscile from such alreraft as the A-6E, F/A-18, P-3,
=16 and F-111. 7The missile will be used to destroy an important
target which 1s hardened and defended. As far as this type of
missile is concerncd, due to the fact that 1its range is longer
than that of the GBU-15 air-to-ground missile which 1s currently
in use, 1t is expected that the new missile will be able to reduce

the opportunities for bringing down the carrying plane.

This MRASH will be produced in two types; one type is the
Tercome model which will be available for use in December of 1983
and is only capable of attacking fixed targets; the other type
will be available at the end of 1984, employes infrared tracking
and is capable of attacking fixed or moving land or sea targets
both in the daytime and at night.

At present, it 1is still not clear whether this missile will
be produced in one copy or several; however, the cost of each copy
is estimated to be approxiamtely 500,000 U, S. dollars. MRASM is
a designation given to this type of missile by the Department of
Defense, but the General Dynamics Company calls it TALCM (an air
launched tactical cruise missile).

A new form of single element airborne surveillance and track-

ing radar. The RCA Company, on the basis of its Primus weather
radar, 1s in the process of test producing a type of military single
element alirborne search and tracking radar (MASTR)¢ This type of
radar will improve the capability of military helicopters and fixed
wing alrcraft to search out and track targets in all conditions of
visibllity and weather, It is capable of rejecting complex reflected
signals from the surtace of the sea while it 1s still able to esti-
mate the track of the aircraft 1n order to facllitate the control

and firing of weapons.
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The possible uses of MASTR are as follows: In the puldance
of subsonle rround-to-yiround missiles, in helicopter search for
tary;ts tbove the horizon, 1n the ruidance of all-weather reriote
control flylng apparatuses, in the air-to-ground se.rch for tar-
ets, In the air defense, fire control and battlefield recon-
nalssance of bases and their environs, as well as in other similar
applications.

This type of x wave band radar welghs 70 pounds and has exter-
nal case dimensions of 38 inches (length) and 15 inches (dizmeter).
A planar slot antenna 1s driven directly by electric motors along
two axes. Double wave path single pulse wave bundles are con-
trolled by the microprocessor. This sort of radar is also capable
of tracking interference sources as well as operating in a single
wave path mode.

This type of radar has automatic test equipment as welli as
circuits to fight interference; it is capable of putting out a
multi-colored numerical display. This new type of radar is also
fitted with solid state transceivers and eguipment for the control
of complex echos. The flight testing of the system is scheduled for
September of this year.

A British company test produces an electronic combat simulator.

A British company will soon finish the work of test prcducing an
electronic combat simulator which was contracted for by the British
Ministry of Defence. This simulator will be used by the Royal Air
Force as a research tool in the weapons section of its research

institute in order to promote the development of new electronic
countermeasures.

This simulator includes 40 components, two computers and filve
microprocessors, and is capable ot simulating the flight of an air-
craft when 1t is 1n the operational range of any selected type of
fire control radar. It simulates the entire engagement process for
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determine tho offects of a cuddrn miscile
out the actunl mnmiss dlstano. ., All clmulators are real time.
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