
UNCLASSIFIED

AD NUMBER

AD841042

NEW LIMITATION CHANGE

TO
Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; 7 Dec
1951. Other requests shall be referred to
Office of the Chief of Naval Operations,
Washington, DC 20350.

AUTHORITY

CNO, D/N, per CNA ltr, 20 Aug 1971

THIS PAGE IS UNCLASSIFIED



-COPY
DEPARTMENT OF THE NAVY

OFFICE OF THE CHIEF OF NAVAL OPERATIONS
WASHINUTON 25, D. C. L

op374, Ja

Ner O2OP03D

From: Chief of Naval Operations
Too DISTRIBUTION LIST

Subji Operations Evaluation Group Study No. 4 -67
eiforwarding of

SEncl: (1) OEG Study No. 467 "Damage Suffered by USNo and USMC Ground Attack Aircraft in Korea5) m

the OEG Studi Non s (enclosure (1)), prepared by
the Operations Evaluation Group, is forwarded for your
information and retention.

S2, If additional copies ure requireds they will be
furnished upon request.

3, When no longer required, this publication should
be destroyed by burning. No report of deatruotlon need
be submitted.

4. This material contains information affecting the
national defense of the United States within the meaning
of the Espionage Laws, Title 18, U.S.C., Sections 793
and 794j, the transmission or re:ielation of which in any
manner to an unauthorised person is prohibited by law.

DISTRIbUTION:
Attached list /S/M. E. CURTS

BY DIRECTION

AUTHENTICATED BY: 0D C

T. C. HARBERT OT 1968
LCDR, USN .. I L)

co . .UNCLASSIFIED WHE-rN ENCT.O F.S) M ý,•o,.

SECONA ATION

' • ": .-;::, OF A f- MC . - ,. ' - ,--..........................................•:D .].• ~........

STgAl * no



(iO )2104-51
7 December 1951

OPERATIONS EVALUATION GROUP ROUP 6
STUDY NO. 467 Dowdraded at 3 Y7,r

i ta-tealu; deolasslfoed

atttp 12 yezar

DAM=G WUFFUD BY UBN AND USM CGROUND-ATTACK
AIRCRAFT 33N KRa (a)

This Study represents the view of the Operations
Evaluation Group at the time of Issue, and ts for informa-
tion only; it does not neceamarily refleot the official
opinion of the Chief of Nevel Operations. It inoludes
infonsation of am o2voEtganl, rather then a technioalp
natur*, and should be made available only to those auth-
or•-iz, ti reaeive such informations

Rproduation of this doouent in ay form by other
than Ravel activities is not authorized exoept by special
approval of the Chief of Naval Operationu1

This 6tseriel c0Iontains Infoatio. n affecting
the national defense of the United States
within the meaning of the Espionage Lawsw
Title 180 U.SO.o, Sections 793 and 794# the
transmisslon or revelation of which in any
mannez to an unauthorised person in prohibited
by law*

Prepared by the
OATIONS EVALUATION GROUP

Office of the Chief of Navel Operations



1
(LO)2104-51
7 December 1951

OPERATIONS EVALUATION OROUP
STUDY NO. 467

DAMsAGE SUFPU) BY USN AND tSMC GROUND-ATTACK
AIRCRAFT IN KORRA Cu)

ABSTRACT

This mta describes the kind of infozmnation that can
be obtained from an analysis of Airoraft Vulnerability Report
Forms, and reports the results of a preliminary., small-sample
study that was made to determine the potentialitiec of a

Slarger-scale analyssi.•)(Among the conclusions to vhioh this
preliminary analysis 16ads are the following:

* (a) Of the ground fir encounteredp Jet aircraft
receive a greater proportion from ahead and from
dirsetly below than do conventional aircraft.
Hits are rather uniformly distributed over both
types of aircraft.

(b) In terms of aircraft lost per hit, the F4U is
twice as vulnerable as the P9P, whioh is twice
as vulnerable as the AD. Components contributing
to aircraft losses are, in order of importance,
pilot, 1.l system, fuel system, and engine; the
high vulnerability of the P4U can be traced
directly to the vulnerability of its oil coolers.

(o) The fact that vulnerability varies so widely
from aircraft to aircraft indicates that it .can
be markedly affected by design, and that attention-

* to the vulnerability of aircraft now under de-
velopment should pay dividends in the form of
reduopd loss rates.



I
Dwantimd•" ----

7 December 1951

OPERATIONS EVALUATION GROUP
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DAXAGI SUIPERB BY USI AND UBMO GROUND-ATTACPK
Anu TCATIN K0omuC'K

I. IIIODUMTON

This study has two objectives* T1he first isa to lndi,.
oats the type at analysis that could be made from an I=
coding of the data given on Aircraft Vulnerability Repor't
lorms, Oplaw 3480-5. The second Is to present certain pre-
liminary Conclusions,, based on a limited nmuber of forms which
wer'e hand-coded in the process of reaching the first objective,
regarding the vulnerability of naval aircraft.

The analysis indicates that the following types of
Information are availables

* (a) Distribution of hitst
ill b y direction relative to the aircraft,,

2 ylocation on the aircraft,,
3 yaircraft component hit or affected.,

(b) Types of projeetiles enooumtered anid relative
frequency of each type.,

(a) Aircraft damage:

(1) relative frequency of various degrees of
damage;

(2) degrees of damage caused by various types of
project ile*

(d) Aircraft losses:

ý11~ frequency by type of kill;
by primary aircraft component responsible;

3where the sample is large enough, losses by
primary aircraft component responsible are
also presented by "yp of aircraft,

a'.
khmsuyhstoo~etee h tl at Ld,

easethe ~peat aalyts tat culdbe mde ~oX n I
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(e) Aircraft vulnerabilltg by type of aircraft (0s
measured by the probe S1ly thast a hit will be a

The •esults presented bore are based on sufficient
data to be reasonably reliable, but a larger sample would
permit all of the above to be investigated specifically f•r
each type of aircraft as well as a closer Invest45ion of
the effect of hits on various aircraft otponents. Coding by
I=N would also permit the vulnerability data to be related t;o
the information contained on Air Attack Formst the type of
mission, the amount of anti-aircraft present* the type of
targets *too

4NOM
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II. LIMITATIONS AIND .IMTERRETATION OF TAI DATA

This analysis is restricted to a limited number of Air-
craft Vulnerability Reports covering roughly one mouth' s
operations (those of May 1951). The informmation on May opera-
tions is not complete, however, since three squadrons reported
major damage only. Some data from August and September 1950
and January and April 1951 are also included. The data ana-
lyzed cover the damage or loss of 137 74U's, 80 AD's, and
30 FgF's.

The aoouracy and reliability of individual reports
vary from squadron to squadron. Furthermore, the data on
losses is often hard to interpret, though Aircraft Crew and
Survival Reports and the statements attached to them are of
great assistance in completing the picture.

An aircraft loss is here considered to be an aircraft
incapable of flying more than one-half hour after being hit,
or incapable of landing safely on the deck of a carrier. Many
aircraft which are loot suffer multiple damage, and the primary
cause of the lose in then not easily determined. If the pilot
is rendered unconscious, then that is considered the primary
cause of the loss. If the aircraft is known to have received
a hit which stopped the engine, then that in considered the
primary cause, even though the aircraft may also be on fire.
However, if a loss of oil pressure preceded by an appreciable
time the stopping of the engine, then the oil system damage is
considered the primary cause of loss.

In reporting, the direction from which projectiles
strike the aircraft the clock system is used in azimuth and the
general terms "below', 'level', 'above", and Odirectly below'
are used in elevation. The results are, therefore, not very
precise, especialLy since 12, 3, 6 and 9 o'olook are strongly
favored in reporting.

It is here assumed that in elevation the plane of
reference is the plane of the wings, although in many cases
fire from the ground is reported as being from 'below' regard-
less of the attitude of the aircraft. Where possible, the
path of the projectile through the aircraft has been used to
change the reported direction to a direction relative to the
plane of the wings.
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A. DIBTRIBMTION OF HITS

(1) Direotoni of a oon Fire$ Figure 1 presents the
distribution or ipound-fire by direction of approach.
(Fiigu.e(la)for .ll airoraft, Figureo(lb)for the 19F only).
Approximately tvice as many projectiles come from the forward
zone as come from any one of the others,, Inoluding "direotly
below". Eleven percent of the projectiles cown from an
approxlzAtel7 level diroction; praotioally all of the remiai-
Ing hits come from below the plane of the wings. Approxi-
mately 16 percent acme from directly-below. Jet aircraft
suffer a 30 peteent higher fraction of hits from the forward
quarter than do reciprocattng-engine airorafto 2nd almo
suffer an increased relative amount of. fire from d..rn1eW
below. (However, VWP-11 has reported that jet aircraft re-
eetve only half as many hits per combat hour, as do re-clprooating-engins airorafto) Tkese offsets could be the

result of the higher attack speeds used by jet aircraft or
of the fact that jet* have different tupes of missions#
seg8s armed reconnaissance*

(2) Looation of Hits on the Aircraft: Approximately
52 percent or the hits are locate4 on the wings, 35 percent
on the fuselage, and 13 percent o the empennage. A more
detailed breakdown is shown in Figure 2. It can be seen
that the distribution of hits corresponds roughly to the
presented area in plan of the wings and tail eufacess with
the fuselage receiving a slightly larger proportion of hits,
The density of the ground fire about the aircraft appears to
be relatively uniform.

11G•. 23 DZO~mDWI• • 3
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No. of Hit# on A/C Oe~enmt
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(3) Aircraft Components Hit or Affeoted: The distri-
bution of hbis by aircraft component Is shown in Figue 3.
The hits o crew stations include hits whioh pass close to
persomnel, or which would pass close to personnel if not
stopped by armor plate or some other immedLatels adjaoent
object. 8truotural hits. were counted onl- fen me Man a
simple patch over a hole was required to repair theme Fifty-
four percent of the recorded hits on the pilot's cockpit went
through the canopy and 60 percent of the hits on fuel systems
involved external auxiliary fuel tanks*
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B. TMN AND RRIATIVE PRE•qM Y O PRO CTIIM ENCUVTT• •0 D
The relative frequency of hits by type of projectile

Is presented in Figure 4, Hits wore classified in the re ort
foram studied as Ofragnents _ 'small aiset o.30 ealibre,?
0.50 calibre,* 90uon, s40=D' and *m=known.w 12.3 pOent
of the total number of hits were reported simply as small
ams,' 17.1 percent were reported as 'o50 oalibroeo and 38.0
percent were reported as '.30 calibre*' These are classed
together in Figure 4 so that 67.4 percent of the total number
of bits is credited to 'small azms fire*

No attempt has been made to compare the soale of anti-
aircraft fire present in the Korean Theater with other opera-

]a s0 30 %iO 50 60 ?a

U=1 Aim -an 0&2
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( 'lathes tions, so this distribution(b XL•.r 0oaponent an to tn'le or P .oIeet10
(ýo ajo cowzmtmuss be oomsldorod an POO~l

(L) Losmes ,ar so 1-rearg oy2eratico. L.
Mthe sariKm or 1951. WHile
nsurriolen ~date are oOa-

sider"4d to make possible
conclusive statements on the
general trend in projectiles

(I so being used in Korea, it
seems that during this period
the use of incendiary amu-nition has been inoreatdsg

(a60 nd that fuses have progressed
from instanbaneous to a
slight delay type. Enough
references have been made to

(b) explosive ".30 calibre" and
40 o"50 calibre" projectiles to

indicate that these types are
actually in use and# from the
description of damage caused#
they appear to be fairly

_0 Eeffective*

Of the reported hits by
fragments, 67 peroent were
attributed to our own bomb or

, 0 rocket burstsj 16o6 percent
were classified as unknown
and 16.5 percent as anti-
airoraft shells.

Few quantitatlve data
7IG. 5S U•R I RM OLL13BU on striking velocities are

available from action reports*
However, one ease reported gave

cnough information to allow a rough *hook on one of the curves
in Figure 2 of reference (0). Where that curve would predict
that between 2 and 2.3 inches of aliauinum-alloy would be
required to stop a 0.50 calibre projeotile, such a bullet
aotuplly penetrated.2 inches into a main-wing spar.

C. AIRCRAFT DAMAGE

The degree of damage inflicted by projectiles which hit
the airoraft have been classified into four groups aooording to

10
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the type of repaiL required:

(a) patch only,
rb) replace minor component#
replace major eomponent,

r aircraft lost*

The frequenoy with which the various types of damage occurred
in the data reviewed is shown in Figtm-e 5 by projectile type,
and in Figure 6 for all cases.

While the number of hits by 20nn projectiles is
relatively small, the large proportion causing aircraft losa
and replacement of major components is considered to be
significant. In the category of replacement of major eom-
ponenta, ".50 calibre projectiles show considerably more
effectiveness than 0.30 calibre or fragments.

Patch Only

e4place Minor
Componient

Replace MaJ or
Component

Aircraft Lost

0 2 0 60 -A0 n00 10 14IO
310. of Oases

]PIG. 6:D
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D a A IRCRAPT LOSSES

(1) Tne of 1ill1 Airoraft losses hae been olasui-
fled In four groups:

K ? K-kills - i•nmediate destruotinu
A-kLlls - nob more than 5 minutes of flight

possible
(a) S-kifls - not more than j horu of flight

possible
(d) D-kills - unable to land safely on a

carrier

FitWe 7 presents the •ircraft losses by type of kill. The

amJ t flum

0 , 6 1 10 3 1

SII

Z4-rS3111?90

N Notes AUtefrat losses reported hereo hve so relation to
fig~'es give a InALvreft hvewben o Repea' beeauae
of the definuitions omployed.

"12
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Nrnez of Aircraft Lost
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number of B-kills would probably have been larger had all
emergency landings been reportedo

(2) Alroraft 0om onent Res. osible for Loss: Air-
craft losses nas also Deen olassiled scoorodlg to the
primary aircraft oamponent contributing to the los5, as
shown in Figure 8. The oil system appears to contribute
much more to aircraft losses than would appear from the data
presented in Figure 3. However# many of the hits on the
engine stopped the engine only by affeoting the ol ysteesso that the loss of oil is consIdered to be the primary cause
of the aircraft loan. The oil system and the pilot appear to
overshAdow all other components contributing to aircraft
lossesj there is considerable differenco, howevers, between
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the two groups of losses*. i the 64e. of the oLl s aoteip
the losses are motly B-kills; In the case of the piloto the
losses are almost allI K-kills. In addition# mAn7 of the
cases In which the pilot is considered the primary causo are.
*overkilled" - there would have been an aircraft loss even
if the pilot had been protected.

(3) j als ggb A&Xrj So P For msoti

aircraft wh w ox. 1 spe roraft co.m-
ponent responsible @os0 annot be definitely establiseod.
However, because of the definition of airoraft losses used in
this study many of the aircraft classified as lost actually
made emergency landings in friendly territory, so the prinary
ocuponent responsible for loss (as defined hex'e) was definitely
Oe,.-minedo In other oases the rescued pilot or radio contact
efter dm.ge establishes the component responsible for losse.
In addition, the statements usually attached to Aircraft and
Crew Survival Reports often show the aircraft component
p responsible for the loss. Only a few oases .. ourard
Mrs w~e component responsible for loss was definitely un-

known. The proportion of loses in these three olsasifications
arel

0coponent responsible for lone 'definitely lknown - as%
Component responsible for ldes probably known 43.0%
Component responsible fore loss definitely na- 6.%

(4) At Classification of losses
by aovrt type su a a ve ea£on 'in -the probability
thet an aircraft will be kl1led If it sustains a hit. Thb
ratios of aircraft kills to aircraft hit by type follovw

Aircraft No* of S.o of Ratio
Type Aircraft Aircraft

Hit DLiled

14U 137 17 oU.4
AD 80 3 0038
For 30 S .OS?

_11116l
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(5) Alroz'aft ta o8 sible for P4 ; . a []
Aircralft ocmponen aon r ng to 03 0 a oiSft
ere shown in Figure 9. The vulnerability of the oil system
of the P4U is immediately apparent. (it Is this high
vulnerability of the N4U oil systems combined with the
relativly oarge number of M4U'n which received hits that is
responsibl1 for the importance of oil a stem dam e Iin the
all-aivgraft category. (see Figure S.)) The mei ambezr of

W~D
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kills for AD and Pg9 aircraft precludes a similar analysis
of their vulnerability.

(6) Comarisgg of the Vu a rabilitZ oft 0t1 O wsteW
of the Airorar Gonsldoreat in .he case or re-lp~ocat ng
engines complete loss or oil or oil pressure very quickly
results in engine failure. Although no hits on the oil
system of the Pg9 aircraft are recorded, loss of oil or oil
pressure in Jet engines does not appear to be quite as
serious. At least two oases have been reported in which Jett
engines continued to run for considerable periods after com-
plete lose of oil or oil pressure* The oil systems of
reciprocating engines are affected most frequently by hits on
the engine and hits on the oil coolers. A comparison of hits
on 'he engine by aircraft type is given in the following tablet

i __________________,______,,__________ Il_________ - --.. . - -

74U AD O9F

Pobability that the engine will be
it f the aircraft is hit .095 0088 .067

obabilibt that the oil system will
e affected if the engine is hit .38 .43

There is no marked difference in these data between the FOU
and the AD aircraft. The number of cases reported for the
POP is too small to have significance. A comparison of hits
on the oil coolers of the 7F4U and the AD aircraft shown a
very great difference by aircraft type:

14U AD

be hit IU a .oll b

The AD oil coolers are placed behind the engine in the fuse-
lago and are protected by deflector plates. On the other
hand, the oil coolers of the P417 are located near the leading
edge of the wing, just outboard of the fuselage, and may or
may not be protected by deflection plates. The operational
results quoted above are considered to be the direct result
of this differenoe In location; they illustrate the Importance
of taking advantage of ezisting less vital omponents for
protection or providing adequate aeuor for vital omponents.
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III. ,Com aBI0N

l Aircraft attacking ground targets receive ground fire
from all directions below the level of the wings. Approxi-
mately twice as much ground fire is received from the foarwrd
zone as from any one of the others# including *directly
below"*

2. For jet airoraft, the relative amount of fire fr•m both
the forward quarter and *direotly below" is approximately 30
percent greater than for propeller-driven aircraft.

3. get aircraft receive only 50 percent as marq hits per
combat hour as do propeller-driven aircraft. The Influence
on this ratio of the type of mission to which jet aircraft
are assigned has not been investigated.

4. Hits from ground fire of the type encountered in KSoea
are rather uniformly distributed over the aircraft*

B. The aircraft components which receive the most hits arel

(a) crew stations,
(b) engUnes
(a) fuel systemo
(d) primary structure.

Thins may appear to be at variance with the conaluslona of 4
abovel but hits on the aircraft structure requiring only a
simple patch arb not included in (d)o

6. Aircraft components contributing to aircraft losses are
In order of importances

(a) pilot,
(b) oil system,
(a) fuel system,

(d) engine.

7. Although the hydaulio, electrical# control# armament, and
oc=i=Loations systems received many hits and undoubtedly
affected the efficiency of the aircraft and probably its
ability to carry out its missions very few losses could be
traced to these components.

•~~~~~~n~o WO I Q I II II
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8 Aircraft losses could be signifioantly reduced by protect-
Ing the pilot from ground f ire.

9. ',50 oalibre projectiles ors signl.ficantly more damagint"
to aircraft structure and onMonents than '.30 calibre pro-
joetiles or fragments. 2(0 projectiles are significantly
more damaging to aircraft structure and components than '.50
calibre projectiles.

10. The F4U aircraft is twice as vulnerable (in terms of air-
craft lost per hit) as the 19F aircraft# which is in turn
twice as vulnerable as the AD aircraft. A large portion of
the vulnerability of the F4U can be directly attributed to the
vulnerability of Its 011 coolers.

113 The peat variation in vulnerability of operational air-
craft Indicates that vulnerability could be decreased# and that
the application of passive defensivi measures to the aircraft
now under devolopmsnt would momeo minimum loses.s

12. Analysix of a larger sample of data by I= coding would
give additional and mcre reliable infarmation on the vulnera-
bilit7 of our operational aircraft* Of particular interest
are I

(a) The overall vulnerability of the Pg9 aircraft*
(b) The rilnerability of the J et engine of the PU

alrora ft.
(c) A reliable indication of the components contributing

most to the vulnerability of the AD and the 1PW
airoraft.

(d) A reliable Lndication of the ability of installed
armor to stop projectiles encountered in attack of
ground targets*

(e) A comparison of the piston engine of the P4U and
the nose seotion of the W ams protection for the
pilot during grou=d attack.

(W) The effect on hit and lose rates of mission or
target types.

U~b~IP
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"It is "commended thats

(a) A owrent analysis of operational vul•e•ability
datea be maintained 0o that signiftcant changes in
enemy weapons or tactics may be deteoted and so
that operatioual data may be available to 140
(from the standpoint of vulnezability) desm
trends in aircraft under develepme•t.

(b) That the data eontaLied on Aiwrcrft fu rezabili.y
Report Formam OpNv 348605,9 be coded by I=
methods so that larger samples of date can be
treatedo efficiently..

BSuLitted b1:

0.1. BINGMl
Operations Nyalvaticaarm*G'

Approved by#

Project Leader for Air Defense
SOperations Evaluation Grow


