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The development of a more effective air werning
system together with closer coordination between the
- Alr Force and Antiaireraft Artillery in relation to

~ release of AA fire. Dectrine and procedure for all
types of Antiairecraft Artillery units and recommended
improvements for a surveillance radar,



A CONCEPT OF ANTIAIRCRAFT ARTILLsRY DisFENSE
AGAINST MULTIPLE AIRPLANE ATTACKS

It you shoot 'em in the rudder,
You enly make ‘em shudder.
% 4 yﬁn shoot ‘em in the prep,

~ You make the baaw drop.

‘mm has always been and will probably be for some time to

come, Mu, discuasions, projeets and conferences in antiair-
eraft trﬁllcry circles on how to most effectively combat by

antnm artillery means normally available, hostile aircraft
attacks by & large number of airplanes., 3y a large number of
phnu is nint high, nd:ha or low atucks, conducted succuaively
or onnlmu-ly, atlacks from var.’wn directions at the same time
or at swscessive times and saturatiom attacks when the number of
planes withia reage at any sme time emsesds the nuaber of fire units
which can be mt to bear upen the attacking aircraft.

This pu'mnhr phase of antiaircreft artillery cembat requires
consideration of feur separate subjects. It is my purpese io recoem-
mend impreved tactics and operations in erder that the primary
missien of the antiaircraft artillery commander in the field may be

mere effectively accomplished with less confusion when he is sub-

jected to a multipls airplane attack. These subjects are: The

development of a more effective air warning system; closer co-
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ordination between the air force and antiaireraft artillery, es-
pecfally in relation to the release of antiaircraft fire; a mere
sound and simp)e procedure and .doctrinq for antiaireraft artillery

" fire units; and, imprevement in the surveillance radar currently

empleyed. I have selected these rour.subjeét.a because my experi-

ence in the field has shown that when the enemy conducts a multi- .

ple plane attack, the greatest confusion and lack of ceordination
te combat this attack lies in improper air mrnirig to the fire

units of exch and every flight as to range and location with pe— . |

mt te al’ti‘ttﬁde and azimuth, the lack of ceordination on the

part of the girforcé to release the area for antiaircraft ar-

t)lery engagement, absence of dectrine and proeednra’ at the gun
niﬁ as to selection, designation, and assignment ef targets, and
the Mhﬂity of the organisc surveillance rud.ar o cope with the
ﬁi‘butim M arise in a multiple plane attawk.

- Confusien mhr atuek breeds certain defeat. e must know
the m !f Mw to moet thu- attacks. If this 1s a0~
ee-plhhnd our vicm s assured. The uploy.ent of mﬁlirmtt

‘artillery differs Wt from that in other cembat units in that

the enexy must come to the Sit.e,‘ the site cannot seek out the enemy.
It can only reach out as far as the projectile can travel. Having
Qom service with an antiaircraft artillery battalion in africa,
Italy, France and Gurn;any dnring' Jorld ﬁarA'II, my experience has
indicated certain improvements in the defense against multiple
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" plane attacks that could be made to accomplish the primary mission

of antiaircraft artillery.
¥ORE EFFECTIVE AIR WARNING SYSTEM

The time-space factor in destroying hostile aircraft before
thay reach vital targets necessitates rapid doéilun, mzdnu
use of adequate commmication facilities and aggressive aet.ivn.
%inco the fire unit. must know the attack is coming, the suoject of
an eﬂ'ective air warming system (early warning) is paramount. In
many cases, no serious thought in location of the Antiaircraft
ﬁ.rt;i.l.?..&*xnr Operations Hoom (AAOR) was exercised. Jhe phjfsical Ty
cation i’ the AACY with regard to the defended area should be
centrall, located and on the axis of communication whenever pqnsi.-

ble. It should be situated as close as possible to the tactiesl

air control center and whenever the situation permits, in the

same roeam, tent or -bnjld{ng. This weuld minimize the communieation |
ﬁtf:lcdta.u_- amd pqraeoincl reqmcnts as well as increass the
efﬁﬁnﬂy of the alr thfnu through closer cecperation. l-ouu'u' :
the AACR centrally in t.he defendsd area distributes equally thc -
rcsp.unibility of all units to maintain communications.
Antiaireraft Artillery Operations Room Detachments (AAOR Dew
;achments) proved their worth in .orld var II by furnishing early
warning, but in many situetions were not available to all units.

There is one way that this problem can be overcome, Fresent AAGR

~ detachments, who normally operated separately, should be discen-




tinued and the tables of organization of each antiaircraft art.illex"y
battalien be provided with an AAOR team. This team, when properly
trained, would be «;Q;ble of furnishing necessary early warning te
~ the fire unite of the battalion twenty-four (24) hours a day when
the battalion is operating alnné. when the battalion is employed
with additional units, this AAOR team could be integrated with AAOR
tu-l of other battaliona in the defense into a group or brigade
AAOR, as the scale of the defense increased. These teams should
have éufficimt lonz range early warning radar assigned organically.
The kt‘ype of radar that is required will be covered in more detall
in 3 htor paramph '

Ewry means of identifiation nust be furnished the AACR.
Since ﬁml identification of aircraft rests with the controller
in the tastical air centrel center, it is npcutivc that the air
foruc place mere nnph&sis on the use of Identification—?rimd or
" Foe (m) equipment and procedure., [his partiecular point was more
clearly mnud after the airborne missien nm by C-47 type air-
craft in the early :mu' of the Sicilian Invasien. The aircraft
and these aboard suffered greatly when brought under fire by the
friendly army and ixu;_r antiaircraft artillery guns. «hen challenged
by ground units, aireraft must have the means to meet this challenge
and the time factor in receiving the proper recognitien signals is
of utmost importance.
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#ith the use, in the later stages of the war, of the MEW and
V-Bean type radar searching, the problem of detection was greatly
simplified but still requires improvement, training and ceordinatioen,
especially when aided with the current SCR-270 and SCR-271. Filter-
ing informatien obtainod !rcm these radars requires comnstant attm-
tiem, aince errors of porsonnel, squipment and time hg have to be
cqncidarod. This system embodies a highly trained individual to
dcwno whether or‘not a nusber .of' plote or readings from numerous
ms are one and the same targst. This has a greater importance
uhﬂ dilling with multiple plane attacks. To help campsnsats for
th‘ huwman errer, radio tranmiasions of air warning should be by Fk
.tnw of Al tnd the commander at all antiaircraft artillery command
p‘ltl w h‘“ a system of two-way amplification such as "Voi-
clll" as used by the mvy aboard ships. In rutnra wars, speed of

_ ‘tw will rﬁmin mnmn of information und firing orders

by televisisn. It 1a w !ir- hﬂiif that for aatisiroraft units to
auoemtuny m npcrmh aireraft, tests shouid be eonducted
to determine the practicability of televised data pressatation and’
the use of remoted FPI scopes to the gun sites,

Regardless of the tactics employed, visual observation pests
are a requirement in every defense., These outposts play a vital
part in the automatic weapon defensc bQéause radar equipment is not
organic in this type unit. Additional reasons for employment of
outposts are that low-flying aircraft can reach the defended area




undetected even with the radar of heavier antiaircraft artillery
units being employed and jet-type aircraft make it necessary for
| the guns of automatic weapons to be pointed in the Mtim of the
hostile approach. To insure prompt "pick-ups" these outposts should
be located not more than five mile$ from the outer guns of the de-
fense and spaced about five miles apart depending on terrain features
and limitations. Using currently authorized radio equipment, radie
~ flazhes sheuld be broadcasted by the SCR-694 at the outpost, re-
ceived at the AAQX on the SCR-543 and at the same time at the gun
sites on the SCR-593. As mentioned in the yreceedinyg paragraph,
these AM sete should be replaced by suitable Fil sets for greater
dependability.

Experienes in combat has produced many difficulties in the
proi)er functieaing of outposts. One of these has been in the es-
tablishment and operatien. It requires fowr enlisted men to or-
ganize and‘ spezets a single observation pat. Formally only two
men were muqodat each pesition and there was no requirement
that they be trained radio operators. This training was the re-
sponsibility of the unit intemme officer who commanded the
Antiaireraft Artillery Intalliger;ec System (AAAIS) section in the
battalion headquarters. OUther points that should receive consider-
atien by boards set up for this purpose are more adequate facilities
to quarter these men at the yut;;ost position and proper cooking
equipment suitable for use over long periods of time.



| COORDINATION BETWEEN ANTIAIRCRAFT ARTILLSRY AND AIR FURCE

As long as conventional aircraft are employed, there will be.
certain areas that can be more effectively defended by' antiaireraft
artillery ‘than by aircraft. Ihis is accomplished by restricting the
operation of friendly aircraft within the effective range of the
antiaircraft artillery weapons of the,:defcnsc. The continued nee
of restricted areas is considered neceseary in this respect. For
simplification of rules for antiaircraft fire as well 'As‘limits
B placed on air force operations, it is recommended that the current
instructions regarding restricted areas be revised so that there be

only one type of area in which operation of friendly aireraft is

" prestricted. This area would therefore be l‘movg as a "Restricted Area®,

m 8ize ot the restri.cted area should be determined from the
center ot tho gm dercndcd area to a distance bsyond the outer ring
of gun-. This dllm st mclude the effective rangs of the
mpcm 1n the defense. The actual boundaries are dofined as &

circlo or apoc;nc redius measured from the center of the defense
which exceeds the maximum range of antiaircraft guns and marked by
prominent terrain features easily visible from the air., Altitude
| restriction should be the effective ceiling of thé gun defense

baged on the effective range of the largest caliber weapon. Normally
20,000 fest is considered the minimum altitude with a safety factor
of 2000 feet for fighter type aircraft. within this area, air force

units can exercise only negative control on the release of antiaircraft .




fife. It must be underciood by all concerned that antiaircraft
units will engage aircraft within range that are not positiveiy
recoznized as friendly except that tie control officer at the
tactical air control center may order "hold fire" when he con-
siders that friendly aifcraft would be endangered. B;} so doing,
he sssumes responsibilitj for the defended aréa-i |

Under many circumstances, the safety of friendly aireraft is
~dependent upan the identification Qnd/or,xfeco@ition of that air-
eraft Ey the éntiaircra.ft artiilery gunners. This is true even
in restricted areas as operational difficulties or the pursuit of
hostile aircfaft will at tives bring {riendly aircraft within range
of the antialreraft weapons. The re:;po:_;ﬁibility for the recognition
11§s primarily with the antiaircraft artillery and it is deemed
esmﬁ}.al' that aircraft recognition be continiously emphasizcd even
when the units are occupying combat positions. |

Id.nt&ﬁeatian of aircraft within s restricted area should be
‘f.he ﬂapﬂnnlbility of the air force and any aireraft fiying in a | :
restricted area that is not promptly fdentified should be considered
hqstile‘md taken under fire by the antiaircraft artillery units,
Unseen aircraft operating in other than restricted areas should ﬁot
be engaged by antiaireraft artiller; unless identifled as hostile

by the air force controller.




DEVELOFMENT OF A kORw Sulliu. Avu sIpLe DOCIRIND ANJ
PROCEDUR: FOX ﬁb:'TIAIRCQAF‘E ARTILIERY fIHs UNITS
This phase requires different considerations for each type of

wsapon orgnnic in the antiaireraft artillery units. The first that
will be considered is the 40 mm automatic weapon.

| Due to the limited réége and the short time that appropriate
tn_rzOts’ are 'piemtad, fire direction is normally exercised by the
Mividml toeﬁpn conmander even in a static defense. OUnly under
spoam oendit.ions or circumstances should fire direction be con=-
trolled by ‘, higher command and ther it should be required to pass
through the unit eperations room, ‘

Incmting multiple at.taqks it is essential that all Vfire
xmiﬁ'lh_tn upmt.o targetaj and that no two fire units engage the
same ah'mft. Rules must be set up which can be applied most of the
time but would not be considered standard. Fast close in eneay
attacks may preclude the application of concrete rules ﬁnd antialr-
‘graft a.rtilhry commanders must prescribe rules to meet the 1&&1
Mnmta n\d the type of aireraft it is expected the enemy will
use. _ o

Each fire wnit must have a primary and secondary secter of

responsibility and 4t is in the center of the primary secter that the
woapon will be peinted when it is not engaging a target elsewhere.:

T X Tractical Manwal Yor Antlalreralt Artillery OIficers, Bq., AAC,
ADC, 15 June 1942, p. 105. e it Mo,




For targets that enter the sectors of a fire unit a priority for

engagements must be standard and understood by the gun commander.
Some of the considerations fur this priority are that when ﬁw’a or
more targets enter t.he primary sector of a fire unit, that t.arget‘
which offers the most dangerous threat to the mission of the defense
should be taken under fire. Further, when two or réore targets offer
an equally dangefous threat, that targat ﬁiéh is not under fire of
another unit should be engaged first. In a multiple plane attack the
greatest number of hostiie planes possible must be taken under fire,
Fire units shouid not engage a target in its secondary sector, if a
target is within range in its privary s.ector_. iarpets must be engaged
untd) they #ra dgstroyed or out of range or until other possibldo tar-
gets present a more dangerous threat.

Aireraft flying over a defended area present different ceurse
characteristics to fire wnits due to the gun position on the greund,
In the same Q'.me,_ ‘& erossing eeurse to one fire unit will appear
as lu Mgm to another, Also a V formation to one sectien
appuéa a8 a colwm -fomt;ion to apother sestion., This does not
present any probhn to the‘gnnncra because they will take under fire
the aircraft¢ that indicates a threat.. by itz relative position in
the formation and its msneuver charaéteriatics.

For the selection of targeils by a fire unit commander, it has
been found very successful to designate sach aircraft by its relative

position in the formation. To more clearly define this,' let us
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consider ¢ F£1i-ht of aiveraft flyin. over thé‘évfeﬁse irn 2 line
formation. The lsadin, ;luvc would be the numver one ;lane and
the‘One immedislely behind it would be tine nurber two and so on
throush the forration., .ien the flisht is in a V formation the
leadicg plane iz number one and is the plane designated by fire
units that viéw the formation as an incoming course. dhen this
same Pormetion #ivears as a crossing course to fire units, the
plunes are nusdersd from front to rear obut only i the neuar wing
of thoe foruition, in thié case, Lie leading »lune is nwroer one
to fire uniﬁs on toth flanks of whe formacion.

furget sclection by firs unit commanuers must pe rapiu and
without hesitatien in muiti.ic plane atlacks. Jargets not alreagy
engaged by an adjacent seclion should be taken wider fire in prefer-
ence to those being fired on. J[hose fire units that observe the
formation on an incoming coursc should fire on the leading clare,
for it 1$ this ﬁlane that usually carries the bombardier, ltor
fire unitsvthat see this same flight as a crossing course iluney
should fire on thé'near wing beslnndng with the third plane in line.
If this ailrcraft is heavily engaped by down course fire units, thea
fire should he shifted to the nusbor five plane unless the plane is
already being engaged by other unit or lracers seem tu be passing
throush it., Firs unlbe on ithe incondng ley fillow the same plan
but engage only even numbered aircraft such as number two, nunber

four or number six,
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Barrare fire by automatic weapons units is desipgned to provide
protection in situations where normul fire control methods cannot be
aﬁplied. This type of fire relies mainly on the deterrant effect of
the tracer ammunition on the pilots. Barrage fire should not be em~
‘ployed wheh it is possible to engage targets with positive fire control.
It requires an excessive expenditure of ammunition aﬁd a great deal of
coordination. If fired too early, it is worthless and pereits the |
eneny time to tzke evasive action. Jarrage planning requires careful A
considerétion of the expected routes of hostile apéroach, the bomb
release line to effectively sirike the ij'ecbive and the altitudes
the enemy might boﬁ\b from. Darrage fire is n&t ;:onsidered effective
~ in combating multiple plane a2ttacks and therefore will noti be dealt

with further. - i
The second type weapon available to the ant.iaircfafh artillery are
t.hgu of high ecaliber mnéing from the 90 mm to the present 120 mm., One
of the chief characteristics that make this weapon differ from those of
the automatic type is that it is fired in battery. That is, it is em- |
ployed in groups of four guﬁs using & central fire control system. It i
is natural, therefore, that the tactics used in multiple plane attacks -
by these larger guns are different than those used with the smaller
tyre weapons,
Selecvtion, designation and assigmeht of turgets should be by a
raid number that is announced by the AACR. It should be the responsi-

bility of the AAUR to select that target that offers the greatest hit
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expectancy. hids 1s based on the premise thit whe mis.ion of these
funs is to destroy eneay planes and not to deter personnel. ince
. the fire control Instruments of heavy antiaireraft artillery guns are
pred,icﬁéd on the target flring a stredght course at a constant apeed
and alt;ituda for a time equal to the time of flight of the guns pro-
Jectile, there is little chgncg of getting a hit »hile the target is
. free to maneaver. hls introduses a difficult problem in multiple plane
attacks since all the faur guns of a batter. must be engaged at a
single target whoreas in the wutomstic weupons oattery, sach gun is
free to engage & separaie tariet. his churacturistic makes the heavy
Funs not eftbctive agadnst auwitipie airplane attacks out couid be
- effective when sufficient gwis are employed. the principle normally
used and considered the bzst 1s to engage & target until it is de—
stroyed or out ?-‘f range of the gun. lo mest effec:ively combal multi~
ple plane M’.ﬁ;kl, heavy guns should be empleyed with the automatic
weapons to oopo _lith those that recain at Mght altitudes or are Lre-
paring for & second run on the objective and the automatic weapens to
enruge those planes that are inaediately in the defendm"l area,
IMPROVLMENTS IN Trle SURVAILLANG. RADAR |
A surveillance radar oy definition is & redio instrument designed
to detect a t.arget wiﬁhin a definite range from its position, independent
of altitude or azimuth. The SCR-52/ which is currently organic in the
heavy gun battery has proven itself inadequate, It has certain
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limitations which make it non-effective against wvarious tvpe of targets.
If modified to eliminate these limitations, better verformance would be
obtained. Installing a moving target indicator nﬁich would produce
only novingr taryets ahd not fixed echoes that appear on the PPI SCOP;.
would increass its capabilities, Also, a solid search pérabola to in-
crease the beam width of the antenna in elewation ’ thm giving mcfe
complete coverage. An increase in rangs is required and cowuld be ob=-
tained, if the pulse repetition frequency could be devcrensad and the.
pulse width increased. Finally, a sector s.mm control device 1s de~ |
sireable to enable the radar to scan in the expected direction of attack.
This would inerease the efficiency ofvboth the radar and the operator, |
With the modifications mentioned above, it is felt that a moi-e

e!ficiont radar is required. Iﬁ should have the following character-
istice: | i‘ |

‘1. A range to exceed 100 x;aile“

2¢ Gq:lbh of mmg targets at zero foet olevation
o ~-mm nﬂn any
3. 'Tho olenmn angle ot cwmge (or the beam width
in olcnthn) should be at least ten degrees.
L. A moving target indicator,
5. Sector presentation using off center PPI. |
6. Be limited to present mobility, space and weight of
the SCR~-584., |




Convential aircraft are still the only available type planes |
that an enemy could mass in st.rengthi in an aﬁa to offer a threat
of an attack or ca;rry out an actual attack on this country. The
development of faster type alrcraft than those used in world #ar II
is still in experimental stages. iie must, therefore, be prepared to
defend om-oelves'today with what we have, while preparing to defend

ourselves tomorrow with what we know we must have,
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