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THREE HAWK MISSILES are carried to louncher and loaded, ready for Aring, by brucked losder/transporter vehicle,

Army Haowk Anti-Aircraft Missile—Part 1 :

Rapid Tactical Mobility Stressed in Hawk

By David A. Anderton

Andover, Mass.—Armv's Hawk anti-

aircraft missile svstem, developed and
|!| ||.|5;I| volume production at H.n_!hul:-n
Lo, 15 well mbo its second veir ol sery
ice with 13 Army battalions de ploved
m West Germany, the Panama Canal
ZFone and the island of Okinawa in the
Facihe,

LS. Manne Corps belded its first
Hawk 5"'-=h_|||:-' more tham a year ago,
using & “stnpped-down” battery con
cept that makes  all ..J111'|.'ll:.Ii:IE11"'1 ait:
transportable by E:w_']ii..J|}t..L.

Within the coming months, bve
NATO countries—West Germany, Tialy,
France, Belginum and Holland—will act-
vate o total of 22 battalions among them.

Hawk—which conveniently s an ac-
ronym for Homing All-the-Wav Killer
—i5 heing developed and produced under
i prime contract between  Ammy's
Boston Ordnance Mhsktrict and R.ﬁ.'rhmm
Co. The Northrop Corp. is the sing gle
major subcontractor; bot the :-.'r.!rl'n
draws on components manofactured by
about 3,500 active supphers

lechnical direction of the progmm
15 the job of Army Rocket and Cuided
Missile Agency, working with Ray-
theon's Missile and Space Dhwv, at Bed
tocd, Mass,

First exclusive details. and  photo
ﬁ[mphs of the Hawk svstem at a feld

evel are presented here; a second arbicle

will I.;I_"E.I:"Illh,, ||I-||.;||I-!_|_|-!||| -:_|f l]'l-:_' Wita PO
swiberm at Ravtheon's MAerod ".‘l.'l:‘::l|:|-'l'|'|'~
division.

Primarv mission of the Hawk svstem
s defense against low-Bving attack air-
craft., Pasi ﬂ'lllll.l:.'j.-:'\_ has ﬁ_t"l'lL'I:I"i‘-' brac
keted this task m termis of subsonic
planes and altitudes from ground level

to about 1,000 ft

But Hawk -:?.||:.|h'.';||-;_-5 have been
ctated by malitary sources to cover a
much wider range. Hawk, they say, can
engage targets :hmi' at ||.I-'L‘IJ'.- up o
Mach 2 at altitudes from ground level
to 50,000 ft. Thev point to successful
intercepts by Hawk of tactical missiles
—Honest John, Little John, and
Corporal—to  emphasize the quick re
sponse of the Hawk svstem, even when
the target is supersonic and has o small
radar etossssechion. Little John, for ex-
ammple, 15 just over one foot in diameter

Typical targets knocked out by Hawk
during test inngs in the missile develop-
e |.I-r"IE'|I im included an XO-5 drone
~hit at a speed of 1,400 mph. above
30,000 ft.—and a QF-80 drone, engaged
at less than 100 ft. alhitude

Major characteristic of the svstem is
its ability to maintain a high rate of fure
against single, massed widelv sepa-
rated targets

The low-altitude capability of Hawk
originally led to Army plans to use it as

a weapon  complementary to  Nike-
Hercules for area defense. Hawk wonld
engage low-Aving attackers, while Nike

Hercules would take on the hagh-itltitude
targets. But the Joint Chiets of Staff
rejected the idea eatly im 1959, and
gince then there has been no work on
fxedssite mskallations for Howk
Instead, Hawk 15 a held-army weapan,
designed to be rapidly and sasily trans
portable by o variety of current cargo
aircraft, helicopters or wheeled vehicles.
It can be set up anvwhere that provides
line-ob-sight between its radar and the
missiles on their launchers. No prepared
gbes are NECESSATY, &l 5I:| 1|'|l Iil||'|'l. E'Irl:']'lalil
tHon—once the battesy has rolled into
position—is to level the various traiders

and lay |]II_ £ ||||" '-""l”-':t"""-\. || 1WA
-.II|‘.|".|- (] '|n, .,ll.".la-|||-:_|}1'¥ af l|||_ r|| ng
seChioms

Fach Hawk hattory consisks of toeo hAr

g sections commanded from o single
hattery control central station. The bat
tery has two aoguisition mdars. One of

them, the -"|.."-.’"‘-.1I-‘L'_:I-'ﬁ pulse acquisi-
tion radar, gives coverage of long-range,
i’]lgl".--:i'lllrllrh_' ind |:'|:_Q|_'1|'|:|_|||||_' tarpets,
The other is an AN/MPO-34 cw acaui
sihion radar, for packing up targets prac
tically al .'r|'_'|_'1|'-r1 |l

Both these radars feed target informa
tion to the batterv control central
where targets are identified and selected
for action from a conventional nplan-
posttion ndicator (PP presentabion
Fach of the hring sections i tied to
battery control thro ugh its ANNEPL-33
ew illuminator ||||r which rectives a
tirget azimuth from battery control and
then searches in oan elevabion box o
hnd and lock on the target.  After
lock-om, the search procedure continues
automatically,

Fach finng section has three launch
ers, cach preloaded with three Hawk
missiles, The hattery control central
receives information as a display which
!u_'||5 I|'|[' slalbis of |_'.I|_E| Ii'.l:-:-llL' ”.I[:‘-:'.‘-.
cofifrol then selects the missile to go
The missile loaks at its target, which is
MNuminated by the ew mdar, and also
looks at the dluvminator tedimbon tos
elerence.

When the target is in range, the sec
tion operator in the battery control
cemtral Bres the Hawk, Ity intemal
guidance svstem  solves the mtercept
equation dunng the theghr oot and
directs the mussie to the sbriki

MWormal operations of the Howk svs-
tem are under the direction of five



HAWK hattery cquipment inclodes AN/MPCR34 ow acquisition
mdar (alsove) and ."'l"'-i.""luﬂ‘"u 13 pw illomanator redar [ nippace Il.u;l'lt'
Three Hawk missiles, ready for transport as a unit to koncher, are
mounted on |r:|||rt .|H.1l.|.|1 i to wheeled traler (below)
beam has been added to loader (lower right],

once the site

e, has been resdied
I'hese fve, stabioned in the battery con
tral central, mclode the tactical control
pfficer and his assistant, who wna from
a sitwation presentabion and a plan
positicn indicator display ot the local
area,

Crew Functions

These men identify and select
pets for the mssile system,

The cw acquisition radar, which picks
up low-Hymg targets while ralimg ont
retums from ground clutter and slow-
moving traffic, is operated by a third

fur-

man.  he two 1en namng men sk at
two consoles, one tor each finng section,
and observe target displs s, The

finally fire the Hl'-'m when the marked
rarget comes within stoking range.

Tied into the control system s the
crew chief distribution box, which inter-
rupts the lines between the cw illumi-
nator radars of each hring section and
the Hawk launchers. The crew cliel

Cirane

can e this hoy to remove 1LY lauitehen
in his gection from gotion for |»|.-.|1|'.1|':;
malfanctions, This biox
also 1 the termimal for telephone |
from battery control central so  that
handling crews and fring crows can have
yvince contact if necessary

Basic complement of the batten
just described s five officers and 63
men; that organization s the one being
msed by U7, 8, Army Hawk units, But
the Marnnes, with a different emphass
on use of the weapon durning an assault
pperation, have chosen to openite a
“stripped-down™ Hawk system that is
L'I'_'lll:lll_'ll_lﬁ ':III:\-IJI"'::I-'III_ I!l'u I |'||| ||:|1|.r
This basic choice mles ont the larger

or correchion of

1ACs

:_'I:|||_J_I-I||_I_']||_'\- (f the systemn, suchy d5 the
batterv control  central, m favoer ol
sinaller and lighter units.

Heart of the Marine svstem 15 the
AN/TSW -4 assanlt fire command con-
gale, o 450:0h, case that can be I:I'.L:-ugh‘.
to the site by helicopter and man
handled imto fnal position if necessary.

functions as the batten

T'has wml i
Fral  ecentral.  Buat becawse s s o
~.1|-.J1|;;-|:|--d--1.1|| svetesit, the Marmme Hawk
laitterres do not have the large pulse
acqpsibion  radarn, instead, o wirrk
with the ow acguisition unit and radar,
a smgle ow m.I||||.||l.-il-'l and a single
firing section of three launchers

Even this svstem can be reduced one
step further by chiminating the
tiom mdar am the I“~"~“1III'.I|I"II that there
will e o need o go lo |~k|||.I for turgets
—thev'l] be there, For this nunimooen as-
weapin, o smgle launcher s tied
to the assault fire command  console
through the crew chief distnbution box
g o smgle cw illominator sedar,

.|I.l..i|||'-:'

st

tenies which will enter serv-

Flawk  bat

ice with NATO) countnes will use a
table of orgamization like that of the
Armv bhatterics. Chme of the major cn-

teria For the WATO Hawk svstemn s that
all components be completely  inter-
changeable with those for the 1. 5



Army svstem, so that logistics and oper-
ations within the NATO areds are sim
plified.
System Design

Fundaments] requirement for Hawk
design, other than those criteria deter
mined by the enemy threat, was that
the entire svstem had to be guickly and
easily transportable in cxisting road and
airborne vehicles. This meant that every.
thing had to be sized to minimum di-
mensions. and  weights, vet stll be
consistent with the Ammy's coneept of
field operations. Both Army and Ma-
nncs specified that major wheeled umits
had to be able to Aoat. For the Aruv,
over-the-road means fording  nivers as
well, For the Marnines, as one officer
said, “If cverything else fails, we want
to be able to put a man on the launcher
and have him paddie the thing ashore!™

Further requirements for the Hawk
system were determined by Army policy
on field mamtenance. There s neither
the time nor the place to perform am
repair work, however simple, on system
camponents in the ficld, savs the Ammy.
Therefore, basic circuits i operationl
and checkout gear had to be boxed in
small, light modules that could be freed
from their chassis by a quarter-tum of
a handle, pulled out and replaced with
A new amif within seconds,

Environmental Stresses

Ammy feld operations mply rugged
terram ranging from deserts through tain
forests to Archic tundra and polar ice-
caps, This range of envirenmental con-
ditions imposes the expected require
ments on a weapon svstem designed {o
Army use. Howk is expected to take the
sime kinds of environment as a hand
wegpon or a half-tracked vehicle

The nussiles are expected to work
atter being  bounced behind  prime
TROVETS ".]llflllﬂ Movements  over opon
terrain, sonked with water while cross-
ing a river or dropped of a2 moving
truck at an advance supplyv point. After
thev enter the logistics pipeline, Hawk
rounds may sit out i open storage with-
out any extm pmotection; they may get
rained on, covercd with snow, pr_'umull_'r_E
with hailstones or abraded by wind-
driven samd. Bul when they go from
there to the bmnches for pre-ﬂ:"rht
check, they are expected to work, This
also poses design problems.

Basic element of the Svstem is the
Hawk missile, a d.i.l.l't-:‘i]lil.[.}l':'a vehicle 195
m. (16 H. 6 in) long. The 14-m. diam-
eter body mounts @ cruciform of Four
trumcated-delta  acrodyiiamic  surbices,
spanning 47.4 i, Weight of the com-
plete mssile, ready o fire, 15 approxi-
matelv 1,295 Ib.

A glass fiber radome of ogval shape
forms the nose contour of the Hawk.
Directly aft of the radome is a cylin-
drical section  conbaiming  the enbine
gumdance packige and the auxihary
power umts, The seeker dish s
mounted at the forward end of this

package and cxtends into the base of
the rmdome.

The warhead compartment 15 located
behind the puidance section,  Ficld
wnits have a choice of warheads depend-
mg on the expected threat

Rocket Powerplant

Fusclage space from the leading edge
of the wings to the end of the tail cone
5 Alled by an Aemjet-General XM-
22F8 mt:’cl-pm?cl!:ml rocket encased in
a thin-walled shell made of 4130 steel.
The rocket engine uses two different
propellants to provide two thrust levels
for the missile, The boost phase de-
livers a bigh thrust for a short duration
to accelesite the missile clear of the
launcher and to fight speed as rapedly
as possible,  The sustamer then takes
ovet and provides a lower thrust level
until burnout or intercept

Wings of the Hawk are double-wedge
section  surfsces, built from  allalumi-
num alloy honeveomb - structural com-
ponents, skin and httings. The wing
skin is formed from 0.051-n. 7075-T6
aligniinum alloy and bonded to the m-
termal structure consishing of two sheet
metal rhs, two 0.003-in. foil honey-
comb cores and some machined httings.
Three nivets are wsed The wings and
clevons are bemg delivered by Ling-
Temco-Vonght and MNarthrop, I'hmugﬁl
the latter company which is Ravtheon's
ombv major subcontractor.

Control actuators and elevons are
mounted m a small ring  stroctune
aronmd the necked-down section of the
rocket motor nozzle,

Ravtheon production here tums out
the guidinee sechion, complete  with
nose cone and clevon control  nng.
These amits are shipped in a standard
comtainer (XM417EZ) to go either to a
field unit as a repair part or to the Ray-
theon assembly site at the Armv's Red
River Arsenal, Texarkana, Tex. At this
site—designated  HAMCO  for Hawk
Assembly and Misale Check-Out—the
complete Howk round s assembled
with s Aerojeb-General motor, the
LTV-Naorthrop wings, and the govern
ment-Furnished wathead. After a check-
ont, the msale 13 dissssembled  and
fraitsferted o the XM430 .1.F|:i'|1plr.|g and
storage contamer for shipping either to
4 shorage area or 4 1'm:t1'c:q]p5ih.=.

Parallel to this movement of the mis-
wiles themselves, the varions tems of
supporting eqinpment are sent to Fh
Bliss, Tex., where they are checked out
a5 a svstem at 3 Ravtheon site. From
there, the Army takes over and ships
them to a feld wser.

At the tactical site, a Hawk ronnd s
removed from its contiiner to a han-
dhing dolly.  Assembly of the wings
follows.  From there, the complete
round gocs to a check-out area, where
45 min. of lesting certifies it as cither
i go oor a no-go round, From there, the
missile can be sent either to a pallet
for stompe or a launcher for readv
abakies,

The XMIE] pallet 15 a simple truss-

work structure: that holds three missiles
m the same ]'msil:inn a5 the lzuncher
holds them. The pallet can be used
tratler- or truck-mounted, or stand free.
Attachment points can be osed for
pickup gear or for helicopter sling
attachments,

Three tracked XMS501-E2 Joader-
transporter velicles are assigned to each
batterv. These units can carrv from
one to three missiles from checkout and
storage arcas to the launcher, and load
the rounds in o matter of seconds after
arrival at the launcher,

The XM-7RE3 zero-dength launcher
15 4 wheeled, tmiler-imounted wnmit that
can be towed behind ome of the six
M36 cargo trucks assigned to each bat
terv. An electronic control system in
the launcher slaves it to the cw llumi-
nator radar for mitial poimnting before
final data iz fod to the misside jost pnos
to launching.

Mobile Radars

The big pulse acquisition radar, over
the untt weight limit for helicopter
transport, is palletized so that the elee
tromic unit can be sepamted From its
teailer and air-lifted under a helicopter.
The paraboloid reHector breaks down
into hve jreces for bramspotl,

The smaller and lighter ow acquisi-
tion radar 15 transported as one numt on
its two-wheeled trailer, Like the pulse
acquisition radar, it can be towed be-
hind an M3& prime mover vehicle,

Finally, the cw illuminator madar—
which &5 recognized easily by its two
circular antennas—is also a single unit,
mounted on a two-wheeled trailer.

The AN/TSW-2 battery control cen-
tral is a single shelter containing all the
monitoring, plotting and fire control
equipment. It is within the helicopter
weight-lifting limits,

Power supply for the entire battery
comes from three truler-mounted 45kw.
clectrical generators. A fourth unit sup-
plies power for the missile test and
check-out ares; a ffth generator is held
ag a spare.  Two crew chief distnbution
boxes and 31 sets of electrical cable
assemblics make up the rest of the
power supply system.

Fmallv, a towable, trailer-mounted
AN/MSEM-431  organizational  mainte-
nance shop goes alomg  with each
battery,

Fart of the Hawk missile system not
attached to the batteries at the held
gifes 18 g senes of held maintenance
shops, nonmally transported on a Hat-
bed M36 truck to an ammunition sup-
ply point or a field-maintenance depol.
Each shop is geared to one speciahized
form of maintenance on the system.

Ready to moll, the Huawk battery
makes up into a convoy of 13 vehicles
which carry system components for two
firing sections  equup with a total
of 36 missiles, Cher-all svstem packag-
ing and tramsport has been planned do
that the sections can be ready for finng
within minutes after arnving at the
battery site,



HAWEK RADOMES arc checked for final contouring (above) before being fuished on engine
lathes in the backgronnd, Final assembly area for Hawk missiles at Raytheon Andover
plant handles puidance section, redome snd glevon cootrol ning asembly. Howk i3 in
|'.:]]'_|;-|:-1-'4|i|:|11:e production for L. 5 Army

Hawk Anti-Aireraft Missile—

SIMULATED Hawk huﬂt'r!.' wite mils rhﬂ'r]i:lgrmrni

Production

By David A. Anderton

Andover, DMass.—Ravtheon Hawk
missile svstem, |_'|j|:|l|',||||:|';_'| 1 |'|-.".I|-. prir
duction level for the U, 5 Ammy, draws
on more than 3,500 active suppliers of
parts in a program whose costs since in-
ception are climbing toward the $900-
milhon mark.

“Wore than half these allocated funds
have been spent outside the company,
Raytheon says, and about S20{ mallion
have gone to the many small businesses
associated with the Hawk project.

Ravtheon has had more than 5,200
direct suppliers to the program to date
including all sub-contractors, the com
pany estimates the total number of
|r'..'.1|I|f:lI:‘11L|I|||51 firms associated wath the
Hawk at a "consercative” 25 000

As pnme contmctor for Hawk to
A |,||||,:-|5.|_:'|| |,|'||_' Hul':.r-l'll Cirdnancy
Dustrict, Raytheon Co. has svstems
responsibility for the missile. Technical
direction of the project is in the hands
of the Armv Rocket and Guded Mis
stle Agency at Redstone Arsenal, Hunts
ville, Ala

Svstems engineenng in the research
and development sense, plus fight test
work on complete systems, 15 under
Ravtheon Missile Systems Division at
Bedford, Mass. Work on contmuons
wave and pulse acquisibon radars was
done by the -::nup:m'.'s |;'a.'|u,;|_1|1|:'nl: I
vision at Wayland, Mass. Produchion of
the svstem 5 the respongibility of
Aern/ 1||1'.'-e".1|:‘.||'!-l'.|-j Dhivision here,

First exclusive details and photo-
graphs of the Hawk svstem appeared in
Aviation Weex Dec. 4, p. 74, as the
first article of this two-part seres.

Raytheom management adapted most
of the standard :Lppmm‘h['}: of large
scale, complex-system  produchion to
the Hawk. It should be pointed oot
that Raytheon is not in a strange held;
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testing of missile svstem. Engineer enters battery control central (left); cw acquisition radar i in left fungmund.

Part 1I:

Pace for Hawk Is Set by Quality Control

although traditionally associated with gincering o a position just below top  shake, shock and lifecyele testing be-

the manufacture of electronic equip-  plant management. This change from  fore boing released to production
ment, the company has vessabile manu-  the wsual scheme of things was bhom At an engineering level, quality con
facturing capability across the spectrum.  out of the Hawk program and, accord-  trol starts with personne] from the group
In addition, Raytheon is prime con- ing to company officuls, 5 a major fac-  in research and development 1.:_r.:1.-_-E
tractor to the Navy on the Sparrow 3 tor in obtaining and kecping a4 high rate  ing offices at Bedford, From initial de-
air-to-air missile, a weapon of a different of delivery of complete svstems ign to fnal delivery, they are never far
w7 :'|1|| |||'.|.-:'|.||IE_ ITamny of the same Th -\.|III!:‘.'- control wvEbein slkarts al -|5:|t iif Ic:|_:|1r of |_".|:-r1; |:..|'_|:.f|z;'|| MELEDS D
approaches in design, engineening and  a shop level when any purchased part  the Hawk svstem.
manufactuning p n|||u~ ||.:-|L'n.'.-. arnves at the Ravtheon plant here A major share of the quality contol
The con npan) relies heavily on sub-  Maore than 230 inspectars in three areas  job is assigned to its engineering depart
contractors and suppliers of parts and  —mechanical, electrical and microwave  ment which is responsible for a vanets
hardware, In the Hawk |;1|.~x|':l: there augmented by Army Ondnance inspec-  of jobs usually assigned to many differ
are about 3,500 separate parts of about o check almest evervthing as f it ond engineenng groups, For cxanple
LS00 different kinds. Omly 113 of  were to go on a fight missile. In spite  guality control engineers develop  all
thi S e :||.IiJ|_' b R;':'-.r'hl.'l-li. the Tost of Fhe grantihes if materils mvolyved. tonctional svskem |;_|| Ineters o o,
arc purchased outside the company. there s very little sampling; almost  the limits of operation. Thev develop
Including raw materials, more than 100% testing s done on meomimg  all test procedures and tell both produe-

%0.5 million worth of purchased parts parts. They are put through drop,  tion test and guality control test po
comes i every momth for Hawk,

Parts with a high dmrect-labor cost
are, m general, manufactured by Ray-
theon

Prak pmduchon scheduling s hased
on one-shift operation, with some sec
|'H|.]--.|I'I"‘ tinee  Fo mantenance amgd b
fill in at trouble spots. This gives flexi
bality for any sudden need for extra
production; by addng a full second amd
third shitt, TTawk ootpat could be
nearly doubled or teebled.

Ravtheon managers talk about Ban

hasic manufacturing philesophies which
thpy _1:::_'|'||, 4] I|||,' || |'.I.'|-.'
& Versatility, sa that -._|||'1q|". ar modi-
heatioms cam be put anto |‘-|-f'l-:|lll.'“ ]|
missiles as rapidly as possible, withoul
dependence on a vendor's lead time
» Capability, so that every entical part
m the syskem conld be manufactured
it neccsmary, by the company. This
eliminates long line shutdowns if a
subcontractor runs mto trouble

But most impressive bo the engineer-
ing abserver 18 R L'.'HlL'r'-r:’h mmsistence ot
the il1|l'_'|-'l|'f.'.I|-:_'-: --‘r €| |r'l. £ |rr"|] and] AEROJET-GEMERAL 5;:1|in:]-[|n,1p-|:]lan[ rocked engi;m for Hawk msstle fires af two thmst
the clevation of quality control ene levels: boost (above) and sustaining for cruise (helow),




sonmel just how those tests wall be run.

The group also designs and develops
the equipment to make the tests in the
hrst plice, and then s respomsible for
documenting those tests for the cus
tomer. Mamtenance and calibration of
afl test equipment 5 also under the
¢ ity control !_:'-u:'.ll

Only two Ravtheon managers have
the authesnty to stop the Hawk produc-

hon [me: one 15 the Andover plant
manager and the other s the chief
gquality control MaAnages '|'||'|_-:_' i 110
time wasted in the action, either, One

engineer remembered a time when some
trauble developed production of th
Haowk. It was reported by the line fore
man to the responsible quality control
enginecr who in turn went to the mana-
per with the storv, “"We shot the ling
down m 10 manutes’ elapsed time from
discovery af the frouble,” the
potnted out
This kind of decizion |||'aL'1||:-; -
chinery in the hands of gquality control
persannel is unwsual. But the compan
savs it pavs off in many wavs that woald
be difheult to achieve otherwise

Cnce te has been stopped for
CRiIse, |]'|:; |'|lt.:]||', conftrol MAnager sets
gmegrs to dig into the dith-
cilty, When the problem 15 solved,
there is a roubtine procedure involving
Aty Ordnance permission that has to
Iy '.=!II'.'|:I|'.'E|.'I::| before the Tine can slart
wain, The reason mvolves contractual
iblizbinms

IE a part has to be changed, tha
means the contract also must change,
and Army must have full ke n.ﬂ.]*“lﬂc ol
the proposed changes before
b meorporated. 5o Ravtheon

the

il

ineg

svsteins on

.||l. YV oCdn

:||,|_.:|ih

AN/MPQ-35 pulse acquisition

final gssembly at Ravtheon's Waltham plant.

control engineers test the new cliange
0F new part, I.!'I'II_".I|I|I_'1I[ [|:.-_| tesl and
report it to the local represcatabive of
wrmy  Rocket and Gomded Missile
Agency. If he approves, he forwards the
report to the Contracting Officer of
Boston Ordmance District, who has the
.:||r||u':'.1: Ravtheon to pet poing
again.  There 35 no way of short-cir et
mng this |';:'-:h.:|l'|| I3 .uq,_._ll H0F |:-""|'||,
bion, except course by huand- LATCVING
dociments Hl-u,h the channels in
stead of sending them by mail

Cne detml of the e syt 1
worth noting. Even the EO [Eneineer

E Oieder) tormis, which ire .;-.-?r.rl:'1
wsed to make simall changes on a |'..'"-
ductton drawing and which eliming

for Fel

the need to correct the main ||'.:-'-I|II'_:

eyvery g r|||"|_' 15 3 small LIngs, fia

[y rlqh* procedurey Fhey g
gce for the dates on whach  ropair

|:;-I"'- will be availphle and on w
chnical manual pages will Ix
Fhere 15 no EO sent oot withowt
wibormation, so that there should
be a case of 2 missile armving in the
feld when the traops don't Tave the
information |;|'l."1|l:-‘;'1 i
parts to compicte it

nl.._. i svabéem 1%

peady
ths

YTl

(ECEsSaTy
dacumenes
Finalw,
ready for delivery, l.|'|'||| tv control signs
the fimal certihcate of mspection. Units
arg still subpect to a further check at
the optiom of the Boston Ordnance
District. Their inspectors can ask
spot checks of warchoused items in a
so-called Vertheation Test, With these
out af the the nussile 15 releised
tor Army chaonels
Ravilweon's work on
tem  in prodoaction is

risstle

LA LT

thue

Hawk

divided  abott

]

radar for Wawk misile svstem gets electronic check during

Dummy losd replaces paraboloid antenna

om top of palletized radar gssembly. Unit &5 wheeled for overthesoad towing, breaks imto

two sections for helicopler transport.

between the 1. 2-million-sg.-ft,
here and the Waltham plant.
of the parts associated with the
airtrame—guidance system, ra-
dome, and final assembly of the nose
and tall packages—are handled here
Waltham 15 responsible for  heavy

egually
plant
Most

missile

equipment prodoaction such as the hat-
ey control central amd the ground

radars

A toar of the fastory shows that the
aims of manufacturing management-
versatility and capabidlity—seem to have
heen carmed out. The machinesy is
varied in size and function; there are
no endless mnks of the onetype ma-
chines usually found in high-volume
maching shops. Instead there ssems to
b one each of every type and size of
machine piving  the observer ||||_-
impression of a laree expetimental
prototype  shop ..L']ll." than a r_r,r.'.u
'|'.'I_I-I-q.'|

Ihe othier notiecable feabure
tory tour is the large nomber of quality
contm] stations '|'|'||' I::;-H_l_lll',
AvEEage warks out o aboul one |_]-||I_|;.
man per seven workers; their
positions are dotted all over the factony
Hoar., In the section where deft-hin
e red women Fabrcate the oo ||i|'|:'_'|[:_'|f
enidance “platters,” few stations
long the hne s an inspection position,

i [ o, LS ) ey s
where e wiork of the CVIHIE FOW O]

tool,

of a Fac-

T ;.-”

contiol

CVeTY

| mes 15 carefolly checked and venfieed
] rake or -L||||11r..n of Hawk
-I|||'..--'.| s not known: bot the naimbier

af COTIa e ks '-El'-::':f
issembly o
one of Ehe
nroduction jabs a0 the
where the ohserver

Wil ||I|g I B0 il
11 OTEE
Lirgest missil
ind sty
Iooks 1n the fackom,
he seey rows of rdomes, seores of guid-
ance sections waiting for test and cali-
bration, dogéns more under test in a
seneyof aleoves amd cells

Finally all the parts come together
i one of the shortest :‘un_n_’.u:*nr.-u lirtes
seen.  [his relatively  small area
r||r',;:-|| WY I ONe corne oif |]||’“ I"]“'l.
r1]..--~~,; the guidance package with ils
secker head, covers it with the madome,
adds the elevon control ring and pack-
age, and sends it out to fmal checkme.

Mast of the production techniques
are strightforward, Hawk 15 meant b
be a g ;gl,-:_'l missile bult to withstand
the ngom of Army operation and to be
|.'.‘=.||'.' I':"i::|:§.||:|r:-||:L O |||:|'||'__|'¢||_||'|'.|_ ] ”I'_'
ficld. This in many ways dictales an
unsophisticated design using minimums

this i

1% -t
Bovery-

it

of  exobic matenals or  fabncation
iethods.

But a few of the production tech
mgues used are somewhat  dafferent
Chne of these 15 the production of the
glass Aiber radome that covers the seeker
head and forns the acrodyvnamic fair

mg for the front of the Hawk missile,

Radome Production

The glass bber lavap that bAnally



HAWK RADOME is made from layup of 28 gl:us cloth “socks” polled over a steel dorm and hasd-worked to eliminate wrinkles and
impregnate the cloth, Fimal step is forcing excess binder out with Hydrosgueegee and enring the Tayap with heated mibber h:l.g_ drawn
over the built-up form, Cycle takes abont one hour per radome,

emerges 45 a fimshed radome for the
Hawk starts e Raviheon ‘-'.hl:-"l'\ a5 28
“socks'—patterned and sewed  glass
cloth formed nto shapes approximat-
mg that of the radome—pulled on 2
metal form,

I'wo men work at each mandrel,
|?L:|||II=T the tight-htting “socks” down
over the comtoured mald form, smean

ing the creamy curing plastic over each
laver and working out the wrnkles
with therr gloved hands

WWith the rough vap completed and
covered with a polyvinvl chlonde sheet,
the mandrel 18 positioned i oa Hydro-
sguecgee, the shop name for & hxture
which sgueezes out the excess binder,
smniithes the wrnnkles mo the “socks”
and cures the pece in one operation
that Easts abont one hoor, The Hydoo-
squicgee 15 a  hobwater-hiled conieal
har of rubber suspended from an over-
head sapport. The work picce 15 located
so that 1t and the bag arc point-to-point
m the vertical position, like two Ta-
domes nose to nose. The bag s then
lowered stowly over the form, and the
hivdrulic pressure of the water inside
the bag squetres out the excess Dinder
a3 the hag slowly lowers to cover the
entite mdome layup. It goes on like
v “sock,” put on msde out and
starting at the point of the mdome nose.

After cunng, the nose radomes are
routed to a machine shop for Anal con-
botiring on lathe with an automatic
Fracer 1o inec! minigmieme Foleranoes,

Finally each mdome s checked elec-
tronically to  determune  its dielectrie
!]||:_I]jq'_'||‘i1._‘5. before being routed to hnal
assembly for installabion om the goid-
ance package.

Raytheon makes the mte gyroscopes
and accelernmeters used in the Hawk’s

internal guidance package. Production
rn;-r||1||r||:|_-l. are conventional: work s
done in the usual "clean™ room, larpely
by women workers and mspectors,

Production Technigues

I'he gvro starts out as 8 motor stator,
arcund which s the rotor which doubles

as the mertia Aywheel of the gyro, The
otorstator  combination {8 gllnl'l.-ﬂ-
monnted, then _'nJ-;:kUE.'t—'.rf:i-:h have
been made a8 a sepamate assemblv—are
added Finally the case seals off the
gyro assembly.

Cvro and accelerometers are on the
prder of two mches long and abont one

Ttem
Howk messile
Crivickanice

F* |wc"r'|:-|.'ﬂ||‘

Guldinee container
Single tactical container

lest equipments

Hawk Missile System Suppliers
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By theaen
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lI|-"-'i1t|;l._ elevoms :"'h'-rlllulll:- ""-'nt1ter.|11.-"'T'1.':|||:-J N
L-T-%)
"l-"ﬁ'.:rhn:':u:l r"ll.'u.l‘:rm_\ Agerai] o overinmeiil 1'"L1II.'IJ'5I11:|E|.
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Battery conttol central Raytheon By theoan
Y icquisition raalar Kavtheon Ravtheon
W illomeinstor Ruviheon B thieons
Pulse sconisityon rader Ravtheon HKavtheon
ssault fire commumd console Ravtheon Ravtheom
Ground support equipment:
1 anmcher N’lnﬂ:ln.lp :""'fl.‘lil'lhml[l
Lonncher electronics Ravtheon R.J:. i
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HAWK GYROS and acceleromelers are awmembled 0 a clean room ot BEastheon's Andover F||;1|'|T Procduoction Tt'i:hl'l'il'll'lﬁ an :_:-rm-.u_-nh-:arnul;
aeoent 45 on l.'.|lI:I-|J1"L control and careful j!‘l:'i]:rrl:THln fn::-|.|-::-w|n;_; every few steps of assembly,

mch i diameter

The msistence on gualily  control,
prevalent throoghout Ravtheon Hawl
manufacture, 15 almost the domnant

factor in gyro production, (ne estimate
by an engincer 15 that money spent on
recting and testing of gyeos s as
much as that spent on their produchon
Muost of the clements of a held bat-

bery dre ~|_1=.i|'.'.-f-c:1 ont on a few acres

AT

ENVIROMMEMTAL TEST of HHawk miusile mirframe i5 one of ﬁﬁup_'uu_i set of checks made

i -.:r'..l'rm companensks -:l|.|r|:n|; manntucture,

*

[ 7

}

of rolling terrain a short dove from the
Ruvtheon plant here. At least one unit
of cach operational type is in working
condition and & used almost continu-
ally in a severe test of Hawk capabilities.

Hawk rounds stand out m the open,
snowed on i winber and sunbumed in
summer, as working missiles to be car-
ried from supply pont to a launcher,
tested and checked either alone or as
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part of a system, and then taken back
to storage again, Some of the Hawks
show handling marks, ther paint has
by ¢ |'I'|'|'.||'H:|E and r|I|, :.||._|-_| ||.'|w. I||;.|:",_'|],
but on the lwsncher they behave just
|::\.1_' T '.I'l';. r-.ln.'tl.lf'. !..'Ill.'
under test,

ar traifhi i ||||' '||.-||_[:,:"| f:|| Boston's
Logan Airport and Baytheon best air-
craft based at USAF's Hanscom Field
i nearhy Bedford furmish practioe tar-
gets for Hawk acquisthon and  ifluma-
nating radan.

This held site serves several purposes:
o New developments in the Hawk sys
tem can be checked here in a simulated
l::l_'::l('r:]rlllllil.: EOVITOTEment
‘-[H'rﬂ:l.tr:l installations of  modifica-
tions originating in field service reports
can be checked for performance
o Training of key NA'TO personmel is
done hen
® Trouble reports from  Reld service
representatives pass  through the test
gite for solution, if o feld-level solution
i indicated

|II'-3\"\-I|;.': ] 11

Hawk History

Ravtheon's inttial work in the missile
field |:||,'E_.'|I'| near the end of Waorld Was
I when the company's engineers were
developing a target-seeking system for
the Nawv's Lark onti-aircraft missile,
then being built in pamallel programs
by both Consolidated-Vultee Aircraft
Corp, (now General Dhvnamics) and the
Ranger-Lark division of Fairchild En-
gine and Airplane Corp. (now Farchild
Stratos Corp.)

From this program came an active
ow padar and Iater a pulse
secker which Ravtheon wanted to Hy m
g eneral Dvnamics Lark airfframe, But
the Lark program, like many others in
the carly postwar proliferation of proj-

SECEET,



ects, was cut back and Consolidated-
Vaultee's portion was canceled,

But there were some spare Lark air-
frames around, and Ravtheon got some,
installed the company's pulsc-radar
secker and added a mid-course guidance
system, thus replacing the onginal
beam-riding system that guided the
Lark.

First target intercept with the Ray
theon svstem in the Lark airframe was
made in January, 1951. Shortly after
that, the Navyv's Bureau of Aeronautics
directed the work toward a semi-active
system to merease effective mn%::-

The experience gained in working in
the various phases of the Lark program
led directly to the Raytheon prime con-
tract on the Navy's Sparrow 3 air-to-air
missile. While that svstem was being
developed, the Armyv evolved a missile
requirement for defense against low-
altitude targets.

From Army Ordnance Corps, Ray-
theen received a contract to develop a
ground-based fluminating radar to go
with an unchosen low-altitude missile
svstem  using ow radar techmiques.
Parallel with this task were a number
of other study contracts placed with
industry and intended to lead to the
lowe-altitnde defense missile system.

Raytheon decided to nsk a company-
funded proposal and submitted an un-
solicited design for a complete mussile
system to Army, In Julv, 1954, Army

told Raytheon the contract was theirs;
one year later, the Army asked for o
vear's acceleration of the program, In
1956, there was a further acceleration
in the program when Army asked Rav-
theon to ncrease system capabilities
and stll maintain the same delivery
scheduoles,

In 1956, technicians fired the finst
Hawk against a target. It was the fisst
flight wath a full guidance system oper-
ating and it was the hrst target inter-
cept for Hawk.

During subsequent test Aights, Hawk
missiles gh:we been hred against low-
fiving, high subsonic speed drones like
the %ﬂcﬁu:d QF-80, against the Cor

ral tactical ballistic missile, and the
%}l[:mr_'st John and Little John heavy ar-
tillery rockets. In all cases the :.:1{;5!.111:
spocds WOTC  SUPETsOIG, L'ﬂr_'.':ih TNt
hE::h:w Mach 2 ET\-H:I] above .'Ea::]t 3.
The mussiles also presented a consider-
ably smaller mdar target for the Hawk
system than conventional target drones;
Little John, for example, 15 just over a
foot in diameter and 15 actually smaller
than the Hawk itself.

In some quarters this kind of per-
formance has beem equated enthusias-
tically with anti-missile capabilities for
the Hawk. But Raytheon engincers are
the first to point out that this is not
universally true, Anti-missile capabili-
ties are inherent in the missile system,
they say, but obviously there is a great
deal of difference between being able

to kill a short-range, relatively slow bat-
tleficld ballistic missile or  artillery
rocket and being able to stop a hvper-
sonic JCBM.

They'd be willing to tackle the
former, but defense against ICBMs is
a long way beyond the Hawk system.

As an overall program, Hawk ranks
among the few really high-volume pro-
duction missiles ever to be built, It
has reached out through extensive sub-
contracting to thousands of small firms
throughout the world. It is now on sta-
tion in dozens of batteries in the U. 5.,
the Panama Canal Zone, Western Ger-
many with the U.5. Army, and the
islands around Okinawa. The U.S.
Marine Corps has adopted the Hawk
svstem for defense agamst enemy air
durmg their vertical envelopment as-
saults. Within months it will be addin
significant strength to the defense o
five NATO countries in Western Eu-
rope.
“We're still a fist-hne battleheld
weapon,” said one engmeer. “Even in
the days of massive mta]iaLt;im{. Anmy
kept this program going. Lately we've
h:g amplcpprgluf thEt rl:Eé kind of threat
we designed against still plays a large
part in the enemy's offensive power.
We expect that that threat, plus the
capability of the Hawk system in lim-
ited wars or the special problems the
Marines mav have to face, will keep us
in the Army inventory for quite a
while."”
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