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ALLOY GH 140

Huan,- 1Fu in

Tn aviatin n -r,.: i-' fl°c-- tubes of the co..ru . n c::. , -r-
an imraet'nt.hot .unt o ... oponent. Because of the fact that

the wall! of these fi ],re tubes are always existin. under very

high operatin; tratur~s, their distributions are very uneven,

and in operation, they often ,-!ve 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 deform'itiori. 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 temperature nickel alloys strengthened by

solid solutions in order to manufacture these types of components.

These alloys all had excellent characteristics in the areas of

resistance to oxidation, high plasticity, definite thermal strengths

and good working characteristics in such areas as thermal fatigue

characteristics arid blast pressure characteristics as well as weld-

ing capabilities. Our country is a developing nation and in order

to save on the expense 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 9500 C or lower.

GH140 alloy is nothing else but one type from this series of alloys,

a type which has been relatively successful and wPjich can be applied

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 satisfyinCg the utilization requirements involved in man-

ufacturIng parts for combustion chambers; it can also be used in

the rianufacture: of aviation engina.; wIth opcr'at ing temperatures at



0L

or UnldtT' ,3r;.0 ,1 n t'"i t ni, of' part,; for com-
bust ion c h,5b , ' . n n,:,'urn. r.' or thru.:t au!-entot orl systems

This alloy is alredy in [.rot(iuct.on and use and has undergone a
lont- period of testAlrn ii .n r con:litlons of actual ipplication;

the results have been -.xcellent :ind the use of this alloy has
saved lhrce amounts of the elu?,rnt nickel for our country.

Besides this, because of' ,,ho fact that the working characteristics

of this alloy are so very ,ood, that it is reliable when it is used,

and that it is inexpensivc, It 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 ,hich 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 solid solution of Fe-37Ni-2OCr

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 in 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 gives 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 vacuum automatic

rake techniques and so on in order to carry out the metallurgical

2



p)Oc;.':: .' ,. Vu ! 1 .ni 7- " n',. c ro.; of th, ]] -livf-v

e.rcrly)f* .. nlU., "ch ,nic'l eap i].ities of thse
hi~h t,,oer;tur,, 'illoy:. Tn ordi.r to insure that the alloys will

be poc ,, d if an excc, nt cc"b't.t. n of stren:-tb ,nd flexl-

bility or plastilty, .:hervvn the various metallurgqical processes

involved are carried out, it is necessary to exercise strict con-

trol over the contents of Al and TI.

The mechanical characteristics of the various kinds of 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 During long term operation at temperatures

of 800 0C 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

pieces of the material.

MECHANICAL PROPERTIES

The tensile properties of cold-rolled thin plptes 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 600 0 C; it is only about 6000C that one begins

to see drops in this sort of capability of a relatively large

scale; however, even right up to 800 0 C, it is still possible to

.3



mainta In 2 t;r r :' ,:.-'! ],v, A:, a.,r ;:' y ,,i ins - : ktn ,th

,OeS, w.;cn orve 1A: .1':1 I ,'1 'Nvature , 'vel f0 700 0 C, the

fluctuatio II a re I'I. ,4t ve Iy Iarr; ":; far as the charactf ' st c

is coneern(-d, it f r : ortI, . n'_ to mir:: .,in vc ry cre fu1 coItrol of

the amounts of Al nnd T ..,hi!h put into the alloy; when the

contents of these two el.ment .re h , then the yielding strength

of the alloy will n.]:;o be relatively high. These sorts of ferro-

based alloys, throu:1out all the temperature ranges which w,;ere used

during the course of the testing of these alloys, always had very

high plasticity levels;. Below 700 0 C, 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 0C and more, were possessed of quite high strength levels.

Figure 1. The structural form
of the solid solution alloy
GH1I0. In the austenite base, ... .
there is an even distribution _ i
of Ti(CN) granules. 10 ' ":- "
oxalic acid dialectric corro- ".,,
sion, 800x '

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

a thickness of 1.5 mm, then the number of 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 ALLOYi

From the Larson-Mller curve in Figure 4, one can see that,

in temperature conditions of 7G0°C or less, the long term or endur-

ance strength of this sort of ferro-based alloy is somewhat higher

than that of the Soviet nilkel alLoy 67 .2 • , and that, when the

'4
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V,~L 1. 1, ~ L 1' .. ~ f1h

for.I.. f
alloy (lb , ...r .. *, ; . ... , ,.[. lo :L' !n D]::l* ',.,l .:.;)

type of goodsl ty'o f'!r" pn/) °C
Cb 5a Lb 6 '

i cold-rolled

thin plate i050;i030 ° dir coo]si 65 40 - 23 10

hot-rolled
medium plate 105 ol0%O 0air cooled 6,5 40 45 205 1 50

rods 1080±100C air cooled 63 40 45 25 40 50

temperature conditions are S00°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 GH140 ferro-

based alloy can be seon in Figure 5; in this figure one can see

that when the temperature of the alloy is 700 0C, the fatigue

strength is 32 kg/mm 2 ; 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 also shows

us that the thermal fatigue characteristics of GH140 alloy are

quite comparable to those ofkOF.6 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 1000-20000 C, after treatment with solid

solutions is accomplished, all of these types of materials are

capable of achieving a unified Austenite structure. However, fol-

lowing along with any increase in the temperature of the solid

solution, goes an elon;-ation of the Austenite crystals; concurrent

with this one finds that, when the long-term or endurance strength

of this type of) forro-bsed :illo:y as well ,s its creep strength go

up, then their Instnntancous, hih temperature strength goes up

!5
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as well, n] the ! tI I If' trn:h and the h Irh temper:itur, ri iq1 -

icity of this ty , of alo, .-j ~cr.,;n. In or'der to achievti exce.l 1-

ent overall char-at..isticz ,.hen one makes use of GH140 plAto-typ'

materials in the rr-nufacturc of parts for flame tubes, It Is pss-

ible, at 108 0 0C, to carr, out a final tempering; given this, "4t

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

TABLE 2. The physical characteristics of GH140 alloy

Temperature Modulus of coefficient Coefficient cofficient of therial
oC  elasticity of linear of electri- condueCivity in

kg/mm 2  expansion cal resist- calories/cm sec-°C
mm/M . C 3nm C

_20 C-TC) O hs2mm/m

20 1 Uoo- 1.07

100 1350 12.7 x 10' 0.036

200 18,150 13.3 x 1o" 0.040

300 18300 14.3x I0
"
- 0.043

400 17700 14.8 x I0" 0.040

500 0 15. 1XI 0
"  

0.050

600 16300 15.4K to- 0.053

700 15400 i5.8 x 10
-
1 0.050

800 14750 10.3 X 10"* 0.060

goo 14000 1.7 x 10" 0.063

1000 13000 17.5 x t0
"
,

treatment can be carried out at 10500 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 achieve a crystall-

ine structure of uniform fineness. In the case of components for

afterburners or thrust augmentation systems and their combustion

chambers, the appropriate temperature at which to carry out the

same sort of tempering procedure is 1150°C; at such a temperature,

it is possible to achieve the greatest long-term strength as well

as the greatest creep strength.

The type of ,illoy which we have been discussing, after it

undergoes the solid solution treatment, and urdergoes long term

6



: dtCO;pOSii_ o% ' . . Am n. h, roll 11 , iivin, r.re to nuh

component, pI- t ,:7 , i tike tho c.::e

700 0 C o'~tue rl -' t . n' Is IiiT IJ -c

lirrte with an ovcrall 1 ''anunt ori' r~x'~y ;S~ '~r

Cr, 0 is a princir-Al?'rriim unnrstn. hi
23 6 C)tmeaur v

decom,.oiti*on or "suIXl ., f" rog s~-)QC

jhon .ihe ten.,r c hu, rolatvly low, it take the !'orr,.f a thin

chain; with nereases in the agin. temperature, this shape becomes

gradually elonated; moreover, it becomes gathered together until

it assumes a globular sa (iue 7a-c). In the analysis of' the

~4 0. 20 3

0 0 . -15-

2O. 0.10 .

00

33
10 J(I0 2103 02u 4~2 10 7,4 V) /

.? kit cC

Figure 2. The increase in Figure 3. The tensile charcteris-
weight due to oxi.dation (1) tics of GH14 alloy in the form 't
and the depth of xidation cold rolled thin plates in the
between crystalsA fter- 100 form of a solution of solids
hrs of testing of GHl140 (temperature maintained at 108 0 C
alloy in a high temperature for 10 sec, air cooling)
environment of static air. 1) kg/mm2  2) experimental temper-

1) amount of oxidation by ature; 3) kg"/mm 2

weight in grams/1m 2 hrs; 2)
temperature; 3) depth of (
oxidation between crystals
in mm

7 . J , ,..



it , it t I .' " (JnA1 - .:,:.'. ,"

i no e is Irn thc r.n,-, r o%-n-. G ,o ; n , i'an s'rv that tho ,,rriunt

of these .lobul is t'It.e,;t at 7000 C and thit the size of' the

y' points as n. t ell :'s toir nuber and stability are determined by
the content op Al and,, T! in the alloy and particularly by "_'he dis-
tibution of th m "n the crystals.

36 - 1r':L4: l ]'-4

36

Li i'~ 34 F
(432

-(2--.'1|"20
P ,- --- ---

m T l ha 16

12

Figure 4. The long term strength Figure 5. Fatigue curves for
of GHl40 allcy in the form of plate-type materials made from
thin plates as shown by Larson- GH10 alloy and exoosed to high
Miler curves (10800C solid solu- temperatures (1)80 C solid solu-
tion treatment). T is the temper-tion treatment)
ature for the tests (OK). t is ) stress in kg/mm2; 2) cycle
the long term life of the alloy number
in hours.

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

o and Laves phases are two types of flawed phases which occur
with aging at 700-800°C; their occurrence is particularly found dis-

tributed in the crystals; they can present the form of needles or

sticks as well as that of globular pieces of matter (Figure 7b-c);

In the aging process, these objects are very rapidly lengthened

and are capaile of lowcring the strength and the plasticity of the

alloy involved. The Lives phase (Fe2Mo form) appears at 700 C and

T , _ .o8
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is very'v ri e' . At ., ' 2 , :.r ii :- . ...
J: it . <' i<. Li cun..,, ii; u'II0".1 e t h-' :il oy. TiO :;w-;,"-',,"Ze

- ,-, . t U tS ] ,l : ,'

in thlc - ' io ..- ttrr::; Vii hi :: : ' , c

of second .o occur lies I I r rr-fe-lV smill; bccau.--i, 0, t' h

fact, there :ire dmTi-t-. lmit Ir n oeed on the influence, ,:.,ich

these occurrences of secordary :':,: os can ha'.' on the cannb- i ities

of the alloy. For example, when the alloy is subje(,ted to long

term ag-in.g for 00 hours at 703-'00C, the r2te o' elong:ation at

room temperature d.o- p a maximum of 17 it can be sen that the

effects of long term c-in- in terms o' e!ic,-nes in th hi-h-temer,-

ture capabilities of the alloy are relatively small.

BASIC FACTS CONCERUINC" APPLICATIONS

OH140 alloy was primarily developed to be used for the manu-

facture of parts in combustion cha .mbers. This type of alloy has

seen use as a replacement 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 G111i0 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 main ones also include

afterburner or thrust augmentation diffusion devices, the bodies

of afterburner or thrust augmentation tubes, tranfer 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 sotie t:urtb ne J,,t on lnes dte to tile fact that 1-h number of

times which the enines were started up was relatively great and

9....



to h t~i*. '01 ', . ' i' ;"' Ir.2i . t 'L;' . O Z 4  ;: '." 7'i] i'"] "4 " L ,'
thsr were'4 . . .* f*1 ~ .,

to 1.un) cr- 7 t~ !,-IC

t fl e tU L v., U:;,.( , ' ,.y i'., th7 oC curr,.,nck- o" 'r,. n

Se;,: hundr, .,i !.. , "n h, oi",r i~snd ;,'h.','n one is con.iI,-<"r.-

turbine blades : nd hJe 1.u rin-s thome 1ye in e n c z a r

allowed to run relati,,ly let<: times once they are stnrtd up "nd,

in which the I.tes In thC o'r':ti ng notle; ;ere relatively small

and infrequent, t,. hen malfunctions of' the flame tubes are relatively

few and the useful life of the flame tub-s is generally several

thousand hours. As was also the ease with alloys based on nickel,

alloys which are based on iron make flame tubes which, during their

use, frequently give rise to malfunctions and suffer from the Frob-

lems of burnins, distortions and cracking as well as other related

problems. There is a very close relationshir between the appear-

ance of these sorts of malfunctions and the structure 2nd conditions

of use of the flame tubes involved; the most important among these

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 talking 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.

Figure 6. Changes in the number of
phases which nnear in GF1140 alloy
during the process of its a-ing over
extended period in 700 0C temperatures

I) percentage of apncarance of second-
ary phases; 2) overall amount of
appearance; 3) sh-in-; 4) solid (one
character illegble); 5) ,ging tIme
in hrs. w"' ." tug

10



A strue t ur'il i I 'b i] t y :i n'tly: . doIt- on :ampler: t., ken

from ring combustion c:nL P1 :,, tubos of turbofan engines which

had underCgone 2000 hours of xtt.-nded use (Fig;ure 8d). On the

basis of the find n:- that the :'xmimum operation:al temperature for

this type of flame tube was 780C and the fact that most of the

components had operating temperatures between 500 and 700 0 C, the

flame tubes which had gone through extended operation still did not

show the appearance of major malfunctions. The various sections

of the flame tubes .e h2ve been talking about, based on the differ-

ent operating temperatures for each of them, have the different

phases of Cr,,C,. Y,. a and 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 various sections of the flame tubes are

both increased and some undergo relatively large increases; 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%. In the vicinity 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 GH4 alloy and the nickel

base alloys which it replaced, one finds that there are the follow-

ing weaknesses associated with it; 1) the high temperature resist-

ance of the ferro-base alloy to oxidation was somewhat inadequate,

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 fatigue strength of the ferro-based alloy was

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

11

p'.



Figure 7. Structure of GI14U alloy after long term aging of various
temperatures.

a) '-b)

a. Condition, 550 'Cxi000 hours aging, structure: grain boundaries
Cr 33C6+T I(Ci). 300x

b. Condition, 700°Cxl000 hours aging, structure: grain boundaries
Cr3 3 C6 , inside the grain a, Laves, Ti(CN). 800x

::-.r,'. ,... ,- :'-€,' .. .
c) d)I '

c. Condition, 800°Cx700 hours aging, structure: Or 3 3 C .
80 x

d. Condition, 700 0Cxl000 hours aging, structure: Y# 35000X

and this resulted in the rate of failures 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 material. The

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

discussed above, can be overcome in certain ways during the actual

application of the alloys; moreover, it will be possible hereafter

to continuously improve on the6e weaknesses during the process of

research into and actual application of these types of ferro-based

12



alloys.

a i e n . - .r mt _ a.

- b , " '

,,-..................

• " St . , 4 .

e_ I S,: • .,°
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a. single tube type; b. ring type; c. tube ring type

1
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Introdu.tion to a ' ,' uhich iiiL] .n L.,- 'ct on o!'
predlli'on o'tr't c,:.Pon,,nlt 2

HOWMET TURB!1h CO:;P0.....TS CO,, ORATION

[Throu:hou- this document the Hau ,'ci Te Co:many=!o:n;met Turbine
Components (orporza'tIon in i,,usk:egon, i,'Cfligan.J

Hua Rui-xi

The Howmet Turbine Components Corp. is the largest pre-

cision cast component company in North 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 360

of which are used in engines for civil aviation, 24% of which are

used in aircraft engines for military use, 20% 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

present, several types of aircraft engines which the U. S. is 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 of 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 still has its own managerment as well as executive staff,

accountants, auditors "ind so on. The employeEs of this company

14
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nu:'-ber a1'r'cx li t ly r ,00 o.ople. The hoine o fflcc- of the corpan;

is locatd in , ,, I . .-. n; the f v(e coor'din,,t,, o ff ce.S or

section3 which ar. -t up undor this headqu:arters ar'e as follows::

sinlce-Jhel! or sinie-pice cast component section, the lnterna-

tional industries section, the alloys section, the product service

section, and the active metals section. Besides this, th-re Js

also a technolog-y 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 unler-

takes the responsibility for the accounting of its production costs

and profits as well as for its engineering development and its

sales. The personnel responsible for each of the sub-divisions

possess quite a large amount of freedom of action to carry out the

development of their various 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. Single piece castin- section. This is the main section or

office of this company and it is 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 their activities with the single piebe casting

section. The active metals section produces titanium alloy cast

components and cast ingots.
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1. he ADID division i 1, loc ,-, in ,5.pJr.r.. ' Ind : rodlu",..

mainly p.ccrit ; n l -,;t (or o : fl, th(. bLr-I . In :'i i it!nrtr en-In s n

which are used In ciVil n :!.mId ml itary applcations. Among; these

products there are many which are air cooled blades m.,de of nlckol

base and cobalt base high quality ,lloys. The products of this

section make uze of' ceramic form cores which are made by the com-

pany itself in order to form tne f"ine internal cavity passage,.a:.-/s

in the blades and other similar products. One of the optc ialities

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 of 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 Mei

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 alloys.

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 small-

scale turbine 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 in the smoothness of the surfaces of those compo-

nents. This 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 enInes

such as components for the combustion chambers of afterburners,

turbine and 4ompressor cnin's as well as axial bearings and other

components o' a slmllar kind.
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3. The r.111D :,.,,tion I I o ri , di Iti ! I I :2 I l,,t, 1 r, 1nia in:l
specializes in f- h rod- p t.ion o " I -- 'm l- (.:. .omporn.nts, f'or

use in gas turbin,_, -.n':r :' r u'; on l:itni. Its tchnolo,:-v and

equipment are all set up acoord'Ln-, to the requirercnts for the

making of lar17e-zca c a.lQ c mr,:-: Th- key prodtuction o,,,-' n-

ization of this section h-is en s-utr:.atY i, has been equil,ped with

a large-scale machine for the addition of wax as well as with a

mechanized production lin for the manufaicture of casting molds, a

one million volt piec- of X-ray eiuiprrent and other related types

of equipment. This section has dcveloped 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 section is located in Michigan and is 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 applica-

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 their

maximum possible reliability levels while, at the same time, adding

as little as possible to the expenses involved. This section also

has facilities for the manufacture of directional crystal compo-

nents. The production costs for the manufacture of directional

crystal components usually turn out to be 20-50% higher than those

for ordinary cast components; at present, the market requirements

17



for thi.s new type of cui:u-onnt arc not a; hi ih as they were orig-

inailly forecast to be tnd, as a re:,sult of this, this company has

taken its facilities: for tho manufacture of directional crystals

and put them into reserve, so to speak, while it relies rr'Inly on

another section of the company to be the supplier of directional

crystal conqponents.

Two. Product Service Section. This section is organized from

three sub-sections, 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 Corn-

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 is the revolving preci-

sion polishing lathe and the electrical discharge working lathe.

These two types of equipment 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 cooling apertures in the

blades. This sub-seciten is also capable of ion-spr~y plating onto

certain localized surface areas of complex, high quality 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

technique was first developed in no other place than this sub-sec-

tion of the Hau Mei Te Company. This sub-section is also equipped

18
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with thu lctcst 't r'<a r-:'.'rV to ca - ry out .r-u for

wear in co:pon,.; .. ithout h::v 1r,. tc harm those coi:;onents. Py

means of this pqu11i,.t I , : ..... . on cn carry out efe fct Ive

control measures over all aspects of the products with which It

works.

2. The recoatin - 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

overhauling old turbine blades and it is also capable of 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 is completed, use is made of the chemical corrosion

method in order to get rid of the cores. Another of the activities

of this 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. This 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 of capibility makes it possible to reuse 505 of thc

material from the castirng forms which are use( by the entlre one-

19
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plt ce cast, ii-, -<et ion. %hIs sort of re ,::e would not. only obvicu.-

ly 1owuV production Cos ts-,, hut ii. would "i ] o be orinobl e of redlucln'

the Cn nc of this o:p.',. so matcoriapn Du cLiscI elsewhcr .

Three. Alloy Section. The Alloy Section is orgonized from the

parent alloy sub-section, the metallic products sub-section, and

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 quality alloys based on nickel and cobalt which are

smelted by induction in a vacuum and are used in 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-sectton is

located in Michigan and produces pellet-type or in.ot-type raw

alloy material for resmelting for use in supplying,most of the pro-

ducts which are smelted in air by this company and also to supply

the needs of other companies. This company also produces hig-h

temperature corrosion resistant sand form cast alloy components

and hardened layer welding rods.
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This sub-zt! tion o" th., coi:.Alny Lu four Iniluc t ion furnac,..

with a tota y,-)riy ,roduoton o i I ity of k000 ton:. This sub-

section produces weluln, rods which ar'e munuf!"'ctured inside ,1-sr
tubes by special types of production muthods and these are capable

of maintoi'14 n- excellent surface quality and cleanness. The

facility w;ich allows the continuous castinr of welding rods began

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 is 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 equipped 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 section makes pure

titanium alloy ingots for commercial uses. The diameter of the

standard ingot is 680-910 mm and the standard weight is 4.5-6.3
tons. The diameters of the largest cast ingots produced reached

up to one meter, and the weights 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

21
:1



I , 1'1:7 - ,t , , 1-2, 1 for t . 'U [ t ll , t n [ ,-

tIon of thi c CnM-r i':

2. TiL2 it r. u; , ,.'ti, n. Thc preciSiolt ea:,lm tech-

nolIcy of h W!ii M:i T<> Co:l;i' h-.s alre-ady been usel in the c-jst-

in: of titaniu alloy pr.ts. The surface cleanness of thesc parts

as well as their mechanical characteristics can both be considered

superior to those of 'or, ed titanium components. The precision

of the dimensions of cast titanium parts only requires the appli-

cation of a very small amount of mechanical working.

Due to the high level of activity of titanium alloys, these

alloys (continued page 11).

NEWSBRIEF

A look at the second generation of supersonic nassencer pines.

A recently released U. S. Congressional report discussed the ques-

tion of the second generation supersonic passenger planes and the

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,

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.

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 for experimental production.
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~ cr.~n I 'n ~2'thc'e nlew u.ronc

nol o , " r) n " ,h,7, ,hor th,,, voull . t hh i 0

throu ,~ii w t. It. Is e:' t.i mat ,] i that thu fuel oonrumn tor o' the
suPe.soc. .r:sson,'"Z p1'an.esw will be,, hoD-]00a ]ars,.r tha>n, that of.

subsonic wireifit f(:r iach mile o" fli,;t per passtinier. Ihis is

simply to say that the price of a ticket on one of the supersonic

passenger planes could be 20-30 ' higher 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 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 possible way

of solving this problem would 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. olans 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 purpose. The U. S.

Defense Department has already put out information to 20 civilian

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 peice

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 cnpabilities of the aircraft is in the stage of
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Sp1 ::ne.: .w . . , ',. '...":' I,,- r lit '. 1y !,!r- , -mount, o us o neo

(ti A' Is ;:-., , -Tv,. to new !'o'i.; o suij.;onic ! .;;,inor

p ILa's) bco no:. :,t , :,nu ': r on of thosc new sur orzonic

planc, It iF nnn cortain whethor they would be worth ,.:hl Igoing

throu -h with. It is estimatec] that the fuel consumption of the

supersonic p-s encer planes will 1'o 50-100f lare(- than that of

subsonic ai-.c.-Lft for each mile of flight per passenger. This is

simply to say that the price of a tic,<et on one of the supersonic

passenger planes could be 20-30,' hig-her 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 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 possible way

of solving this problem would 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 purpose. The U. S.

Defense Department has already put out information to 20 civilian

aviation companies about the coming changes.
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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 is in the stage of
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the nrx' ( ,e'r, I.- nny tIme of emerrcny , the ,*ov-rnmenyt

would be : 1o;: to use re ac'f t. F cu.;e of the f' at that

this sort of tn ", in 4 ,ht, equipment of the aircraft involved

means thnt thc" will be an incre-se In the weirht of the planes,

the rate of fuel conumption for the planes will also he increased,

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

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 available to the government as part

of the reserve air fleet; these planes include 73 Boeing 707s, 104

Boeing 747s, 9 DC-8s, 50 DC-10s and 6 L-1011s. 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 civilian 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

aircraft 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

produce 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 is relatively cheap and it
could be in mass production by the end of the 1980's. The other

plan is relatively complicated; however, technologically speaking,
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S run M -'n" o ':.' :, . im ns ons sr rir1 r r- at , srn lle, .nd

it. pri ne ir:i l -e Is n attack role iralnst -round tar-eti;. It

Is said that the air-to-air comlbat capabilities of this ne..; pl,¢ne

will be sit:pilar to those of the F-V. Its alr-to--round cannbi-

lit~es ill be better than those of the "joung lion". It is esti-
mated that this plane will be availablo to units by 1988.

Israel has proposed to the U. S. that it purchase and partici-

pate in the construction of the FO04 engine 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 7-iSA fi-hter olane. The Minister of

Defense of Canada has announced that Canada has selected the F-18A

(the Canadian designation is CF-18) to be its next generation of

fighter aircraft, replacing the present 260 aircraft in use. These

aircraft 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 better

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 believes that the intern-l 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 CF-18

in the last half of 1982 and will receive two planes a month until

1989.

The BrItlsh test the U. S. test produced AV-8D aircrraft.
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Grot r!t:A n ht; :.,.:t Its ,R:/:l Air For,e pilots : w,: 1 -

some of t tt0; t uIlot2 .io were r'c.p.,nu l for the t e" of

the "Harrier" tvre of alrcr,tft by the British aviatlon and spacce

indus try tu tht,' U. Th ct. pilots ;oro sent to run tuts on the

protot:o of the .. This pr'ojoct was beibun because of ' the

loss of one YAV-B lnst year. At the present time, the work is

still continuing. It is expected that the whole job will be

finished by the middle of next year. After that time, the Royal

Air Force will decide whether to test produce the lare-win-ed

"Harrier" MK5 or to combine the efforts of the McDonnell-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 choice. They must decide to go ahead with their

production of the "Harrier" MIK5 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 lift. 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 trainin7 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 turboprop engine in order to capitalize on its good char-

acteristics (that is to* say, when compared to piston engines).
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train.nL; !1i....... ;., that it ::.' i; .; th t.'un~ : u lr,!,:r,. of'

various fll,-,t trrh-,,''r, th.r:,,re, cin ta~ke the place of

various tynes o! trinin- Tircrift. s T will ,'.an sa-vinf-rS In the

area of cround aintenatnce, both in perzonnel and supplies. The

adoption of a turboprop traincr 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

aircraft 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

is currently in use. The takeoff distance of this aircraft 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

ceiling is 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 is doin 7 research into the completely

electricil airplane

The Lockheed Company is currently In the midst of researching
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tyc, of "a 1 ,lectrio" aircr-!.ft will he much lss costi, than the

same c:-ite-orie- of expn. e for ovdknary aircraft.

This new type ol' aircraft will make use of permanently mu-

netized generators, thinly coated with metal and electric motors

to open and close the fuselag7e doors, extend and retract the land-

ing gear, control cabin pressure and control the track of the air-

craft. This sort of "full electrification" can also reduce the

danger in case of fire because it eliminates the need for hydraulic

fluid which can leak easily, get hot and catch fire.

The current situation in the research into the concept of the

forward-movin- rctor blade

Concerning the research into the concept of the forward-moving

rotor blade by the Sik/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 Siklorsky Company's own capital. In

1972, this company received a contract from the U. S. Army for the

flight testing of the ABC rotary wing. In the contract, it speci-

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 Air Force, NASA and the Sik/or-

sky Company itself. Representatives from all these various aigencies

got together- and chec'ked over this rfsenreh plan In Januiry of this

year; moreover, on the basis of test results hilch are already back,
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these " ,ne I.' . : -, : tnt for a I1-ro th I Ca'pn% n , , rj , In of

thi: :,:;, ch ran . '' -' r: to thi plan, the 711 ./..zky;Comn-

panty will ta i._ L; r],;:t out to a speed envelort curvo o

555 kr/hr. C, ' r.. th. ,n '-. ..unne.1 testin;- of ful!-.s-cale

models of the ,ot., lnvolv , thiz- has already been carried out

on the 29th of ,ibtut-r', :. a :NASA research center in order to

speed up the te:.,t pro , - ra.

Assuming normal flirht patterns for helicopters, the ABC

rotor helicopter, with a FT6T-3 engine in the fuselage -enerating

the power, is 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 for will be 555 km/hr (this assumes loading condi-

tions of 2g).

France is in the nrocess of test producing the N53-P2 engine. L

The French government-run company for the research testing

and manufacture of aircraft engines is currently in the process

of test producing the 5 -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 cooling 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. Besides

this, the weight of the M53-P2 is estim-.tod to be less than that of

the M53-5 by approximately 23 kg.

The U. S. is test producinr a cruise missile fired from a

fighter plane. The U. S. Department of Defense has announced 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.
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The t o L<, ilicu-r':d Is a nellum ranr-c air-

to- -roundt - :211's (Y "2'>) It will be a tr ofP "T;om hwk" s

lie with a 3:JO '- 1- rII an:>,i and a conv(fl:tional war-head (the rance

of th i e-ul-ir " -: mile in 1500 miles). It is planned

to fire the missile from such alrcrnft as tLe A-6E, F/A-1, P-3,

F-16 and F-ill. The missile will be used to destroy an important

target which is hardened and defended. As far as this type of

missile is concerned, due to the fact that its range is longer

than that of the GBU-15 air-to-ground missile which is currently

in use, it is expected that the new missile will be able to reduce

the opportunities for bringing down the carrying plane.

This MRASM 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 is 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, is in the process of test producing a type of military single

element airborne search and tracking radar (MASTR),. This type of

radar will improve the capability of military helicopters and fixed

wing aircraft to search out and track targets in all conditions of

visibility and weather. It is capable of rejecting complex reflected

signals from the surl'ace of the sea while it is still able to esti-

mate the track of the aircraft in order to facilitate the control

and firing of weapons.
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The possi.ble uses of NA27TR are as follows: In the Fguldance

of sub:;onic ,-round-to--r'ound missiles', in helicopter search for

tari-, tbove the horizon, in the guidance of all-weather remote

control flying apparatuses, in the air-to-ground sc,.rch for tar-

t-ets, in the air defense, fire control and battlefield recon-

nalssanco of bases and their environs, as well as in other similar

applications.

This type of x wave band radar weighs 70 pounds and has exter-

nal case dimensions of 38 inches (length) and 15 inches (diameter).

A planar slot antenna is driven directly by electric motors alongi

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 well 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 equipment for the control

of complex echos. The flight testing of the system is scheduled for

September of this year.

A Nritish 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 five

microprocessors, and is capable or' simulating the flight of an air-

craft when it, is in the operational. range of any selected type of

fire control radar. It simulates the entire engagement process for
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th: wiIol, v",,i', r i ;.o'onJ *' . It c', n al:-o be used to

dctur::;inI ta . -u i -, i : lc utt ;k and to 1irure

out the actu-rl m135. dlst :n,. All1 nmul'iaor e ,i'e real time.
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