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OPERATIONS EVALUATION GROUP
STUDY NO. 467

DAMAGE SUFFERED BY USN AND USMC GROUND-ATTACK
AIRCRAPT IN KOREA (v)

ABSTRACT

N cepa Y !
This Ltgu desoribes the kind of information that can i
be obtained from an snalysis of Alroraft Vulnerability Repoxt
Forms, and reports the results of a preliminary, small-sample
stydy that was made to determine the potentialitiers of a .
' larger-scale analysis.()‘Among the conclusions to which this
' preliminary analysis léads are the following:

. (a) Of the ground fire encountered, jet aircraft

' receive a greater proportion from ahead and from
directly below than do convent ional airoraft,
Hits are rather uniformly distributed over both
types of airoraft.

(b) In terms of aircraft lost per hit, the FLU is
twice as wvulnsrable as the FSF, which is twice
as vulnerable as the AD. Components sontributing
to alrcraft losses are, in order of importancs,
pilot, oll system, fuel system, and engine; the
high vulnerability of the PFLU can be traced t
direoctly to the vulnerability of its oil coolers.

(o) The fact that wvulnerability varies so widely
from airoraft to alrcraft indicates that 1t .can )
. be markedly affected by design, and that attention.
| . to the vulnerability of airoratft now under de-
velopment should pay dividends in the form of
. reduced loss rates,
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OPERATIONS EVALUATION GROUP
STUDY N0, kb7

DAMAGE SUFFERED BY USK AND UBMC GROUND-ATTACK
ATRCRAFT IN XOREA( )

I. INTRODUCTION

This study has two objectives, The firat is to indi.
cate the type of analysis that could be mude from an IBM
coding of the data given on Aireraft Vulnerability Report
Forms, OpNav 35480-5. The second is to present certain pre-
liminary conoclusions, based on a limited number of forms which
were hand~-coded in the process of reaching the first objective,
regarding the vulnerability of naval airecraft.

The sanalysis indicates that the following types of
information are available:

(a) Distribution of hits:

1) by direction relative to the aircraft,
2) by location on the aircraft,
3) by aircraft component hit or arffected.

(b) Types of projectiles encountered and relative
frequency of sach type.

(o) Aircraft damage:

(1) relative frequency of various degrees of
damage;

(2) degrees of damage caused by various types of
projectile.

(d) Adrcraft losses:
by primary aircraft component responsible;
where the ssmple is large enough, losses by

primary atroraft component responsible are
also presented by type of siroraft.

UHRLASMFIED

gli frequency by type of kill;
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(e¢) Airoraft vulnorabilitg ype of airoraft (es
M;;t)ﬂ‘.d by the probabil ty that s hit will be a
Id

The results presented here are besed on sufficient
data to be reasonably reliable, but a larger sample would
permit all of the above to be investigated specifically for
each type of aircraft as well as 2 closer investisation of
the effevct of hits on various airoraft ocamponents., 0od by
IEM would also permit the vulnerability data to be related to
the information conteined on Alr Attack Formas the type of
mission, the amount of enti-airoraft present, the type of
target, oto,
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II. LIMITATIONS 'ATION T A

This snalysis is restrioted to a limited number of Alire
oraft Vulnerability Reports covering roughly one month's
operations (those of May 19651). The information on May opera-
tions 1is not complete, however, since three squadrons reported
ma jor damage only. Some data from August and September 1950
and Januery and April 1951 are also included, The data ana-
lyzed cover the damage or loss of 137 F4U's, 80 AD's, and
30 FoFts,

The sccuracy and reliability of individual reports
vary from squadron to squadron. Purthermore, the data on
loases is often hard to interpret, though Airoraft Crew and
Survivel Reports and the statements attached to them are of
great asslistance in completing the ploture.

An aircraft loss is here considered to be an alreraft
incapable of flying more than one-=half hour after being hit,
or incapable of landing safely on the deck of a carrier. MNany
aireraft which are lost suffer multiple damage, &nd the primary
causzse of the losa is then not oaailz determined, If the pllot
is rendered unconscious, then that 1s conaidered the primary
cause of the loss, If the aircraft is mown to have received
a hit whioch stopped the engine, then that 1s considered the
primary cause, even though the aircraft may also be on fire,
However, 1f a loss of oil pressure preceded by an appreciable
time the stopping of the engine, then the oil system damage 1is
oonsidered the primary cause of loss,

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

It is here asaumed that in elevation the plane of
reference ia the plane of the wings, although in many cases
fire fram the ground is reported as being fram "below" regard-
leas of the attitude of the alrcraft., Where posaible, the
path of the projestile through the aircoraft has been used to
change the reported direction to a direction relative to the
plane of the wings.

WLASHEED
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A. DISTRIBUTION OF HITS

(1) Direction of Gro Firet Figure 1 presenta the
distridbution o oun re rection of approach.
(Figure (1a )for all aireraft, Pigure (1b)for the FOPF only).
Approximately twice as many projectiles come from the forward
sone &s come from any one of the others, including “directly
below", Eleven percent of the projectiles come from an
approxinately level direction; practically all of the remain-
ing hits come from below the plane of the wings., Approxi-
mately 16 percent come from dirsctly below, Jet airoralt
suffer a 30 percent higher fraotion of hits from the forward
quarter than do reciprocating-engine airoraft, and also
suffer an inoreased relative amount of fire from dirvectly
below, (However, VMP-11 has reported that jet airoraft re-
coelve only half as many hits per combat hour, as do re-
ciprosating~engine airoraft.) These effects could be the
rosult of the higher attack speeds uaed by jet airoraft or
of the fact that jets have different tupes of missions,
0¢8es armed reconnalssances

(2) Loscation of Hits on the Aircraft: Approximately
52 percent ol 8 are looated on the wings, 35 percent
on the fuselage, and 135 percent on the empernmage. A more
detalled 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 surfaces, with
the fuselage receiving a slightly larger proportion of hits,
The density of the ground fire about the alrsraft appears to
be relatively wmiform.

no“ no# 70” 3. - ,

710, 2: DISERIDUTION OF HIS
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No, of Eits on A/C Oomponent
a 2 » ¥

Grev Stations

Engine

Ruel Syrtem
S\.ussure

011 System
Rrirslic System
Rliectrical Systen
Control System
Araenent System
fommmnications
Armor
Propeller

76, 3: DISTRIDUTION OF HITS BY AIRCRAFT OOMPONENT

(3) Airoraft Components Hit or Affected: The diastri-
bution of ] alrcra component 1s shown in Figure 3.
The hits on orew astations include hits which pass close to
personnel, or which would pass close to personnel if not
stopped bg armor plate or some other immediately ldjloegt
object. 8truotural hits were counted only when more na
simple patch over s hole was required to repair them. PFifty-
four percent of the recorded hits on the pilot's cockpit went
through the canopy and 60 percent of the hits on fuel aystems
involved sxternal auxiliary fuel tanks,

disLaseimie
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B, TYPE AND REIATIVE FREQURNCY OF PROJECTIIES ENCOUNTERED

The relative frequeney of hits by type of projectile
is presented in Figure 4. tl weore olauiried in the r Bort
torn studied as "rra?nents ®small arms,® *,.30 oalibre,

*,.50 calibre.” "20mm, "40- * and 'unk:nm.' 12.3 Peroent
of tho total number of hits were roported simply u
arms,” 17,1 percent were reportod as *,50 ocalidre,” and 38.0
percent were reported as %,.30 calibre.® These are classed
together in Figure 4 so that €67.4 rereont of the total number
of hits is oredited to "amall arms® fire.

No attempt has been made to sompare the scale of antie
aireraft fire present in the Korean Theater with other opera-

$ of Total Mits
] 10 20 30 %o %0 6 70

Fragamts 62 Xitp
200 20 Hite

oM 3 My

Unknown. 16 Hite

FI6. 4: RRIATIVE FEIQUENOY O HITS BY VARIOOS

TYPES OF FROJECIILES
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{x) Patnhes tions, so this distributi
(v) Mix.r Oomponent as to type of groieoﬂ_l‘_:o
(c) Major Oomponent must be considared #s peoul-

(4) Losses Tar to 6An Opera ]
the aprin og IEBI. ﬁﬂo
N - InliﬂgIoIonE Jat

ata are oon~

siderad tc make poasible

conclusive atatements on the

genersl trend in projectiles

being used in Korea, 1t

sesms that dquring this period

the use of incendiary ammu-

nition has been increasing

and that fures have progreased !
from instanteneous to a :
slight delay type. Enough

references have been made to

explosive ".3C calibre" and

",50 calibre™ projeotiles to

indicate that these types are

sctually in use and, from the
description of damage caused,

they appear to be fairly

effoctive.

Of thes reported hits by
fragments, 67 percent were
attribnted to our own bomb or
»ocket burstsj 16,5 pereent
woere classifled as unknown
and 16,5 percent as anti-
gircraft shella,

Fezn quantitative data

on striking velocities are

FIf. 5: DEGHEER OF DAMAGE BY CALIBRN available from action reports,
Howsver, one cAse reported gave

cnough information to allow a rough check on one of the curvea

in Figure 2 of reference (a). Where that curve would predict

that between 2 and 2.3 inches of aluminum~tlloy would be

required to stop a ",50 calibre projectile, such & bullet

sctumlily penetrated.2 inches into & mein-wing apar.

C. AIRCRAFPT DAMAGE

The degree of damage inflicted by projectiles whioh hit !
the aircraft have been classified into four groups acsording to

10
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the type of repail:r requlreds

(a) pateh only,
b) replece minor component,
3} replace major component,

aireraft lost,

The frequency with which the various types of damage occurred
in the data reviewed is shown in Figure § by projectile type,
and in Pigure 6 for all cases,

While the number of hits by 20mm projectilea is
relatively small, the large proportion causing airoraft loss
and repleacement of mejor components is considered to be
significant. In the ontegorz of replacement of major com-
ponents, ".50 oalibre projectiles show considerably more
effestiveness than " .30 calibre or fragments.

Patch Only

Replace Minor §
Couponent y

Replace Major
Component

Adreraft Lost

0 o) 40 60 0 100 120 1w
No. of Cases
PIG, 6: DEGRER OF DANAGE

BNSTASW
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D. AIRCRAFT LOSSES
L

(1) Type of Kills Airoraft losses have been classi-
fied in four groups:

g; K=kills - immediate deatructiomn
A=kills - not more than 5 minutes of flight
possible
(e) B-kills = not more than # hour of flight
possible
(d) D=kills = unable to land safely on a
carrier

Pigure 7 presents the siroraft lossea by type of kill. The

Numder of Kille

K-Xille

A=Kille

3-Kills

D-Kille

F16. 7: AIRCRAF? 1OSSES BY TIPR OF KILL

# Notes Alreratt losses reported here have no relatiom te
figuwres givea In Alrereft Inventory Repards bestuss
of ths definitions exployed,

uﬁ'ﬂ’ﬂﬂiﬁ“
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Famber of Alroraft lost
0 2 4 6 8 10 12

Mlot

011 8ystem

Toel Tixe

16, 8: IFRINARY AIRCRAFT COMPOXIN? OGHTRIBUTING 70 AIRCRAF? 1088

number of B-kills would probably have been larger had all
emergency landings been reported.

{(2) Aireraft C ent Responsible for lLosss Aire
craft loases &n 4180 Eeen oIassEggia' aooora'ﬁE To the

primary aircraft component sontributing to the loss, as

shown in Figure 8, The oll system appears to ocontribute
muoch more to aireraft lossea than would appear from the data
présented in Figure S, However, many of the hits on the
engine stopped the engine only bg affecting the oil system,
so that the loss of 0il is considered to be ths primary ocause
of the airoraft loas. The oil system and the pilot appear to
overshadow all other components contributing to aircraft
lossesj thers i3 considerable difference, however, between

Uk asiara
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the twe groups of loases. In Lthe okaé of the oil system,
the losses are mostly B-kills; in the case of the pllot, the
losses are almost all K-kills. In addition, many of the
cases in whioh the pilot is considered the primary cause are
"overkilled" ~= there would have been an airoraft loss evemn
if the pilot had been protected.

A segt Por most

) o8 primary
ponent responsibdble oss olnno& be definitely established.
However, because of tho definition of aireoraft losses used in
this study many of the airoraft classified &s lost astually
made emergency landings in friendly territory, so the primary
ocomponent responsible for loss (as defined here) was definitely
de* wvmined. In other cases the rescued pilot or radio contact
after damage establishes the component responsible for loss.

In addition, the statements usually attached to Airoreft and
Crew Survival Reports often show the aireraft component

obably responsible for the loss., Only a few ocases coocurred
5&:-0 &o compcenent responsible for loss was definitely un-
imown, The proportion of losses in these three classifications
aret

Component respensible for lose ‘definitely kmown - 52%€
Component responisible for 1loss probably knmown - 41.58
Component responsible for loss definitely wnknown « 6,.5%

(4) A gt Classification of losses
by aircraft 6 shows e variation in the probadility
that an airoraft will be killed if it sustains a hit, The
ratios of sircraft kills to aireraft hit by type follows

Alreraft Yo, of ¥o., of Ratio
Type Alrerart Alroratt
Hit Kllled
P4T 137 17 124
AD 80 S «038
roP 30 8 2087

14
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Busber of Cases

011 Systen

Pilot

Tusl System

Unknown

FIG, 9: FRIMAXY CONPOERNTS CONTRINUZTING 20 TNB KILL
OF J4U AIRCRAY?

(5) Aircraft ts Res ible for F4 5089
Aircraft components contr ng to o088 O alrorest
are shown in Figure 9, The vulnersability of the oll system
of the F4U is immediately apparent, (It is this hi
vulnerabllity of the F4U oil system, combined with the
relatively large number of F4U's which received hits, that is
responsible for the importance of oll-system damage in the
all-airoraft category. (See Pigure 8. )¥ The amgll number of

15
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kills for AD and POF airoraft precludes & similar analyais
of their wulnerability.

(6) Comparison of the Vulnerability of the 01 t
o§ the Airors ggu ered? case réeociprooating
engines complete loss oil or oil pressure very quiokly
results in engine failure., Although no hits on the oll
system of the FUF aircraft are reocorded, loss of oil or oil
pressure in jet engines does not appear to be quite as
serious. At least two cases have beer reported in which jJot
engines continued to run for considerable periods after com-
plete loss of oil or oil pressure. The oil systems of
reciprocsting engines are affected most frequently by hits on
the engine sand hits on the oll coolers. A comparison of hits
on “he engine by aircraft type is given in the following tables

P40 AD PP
obability that the engine will be
t 1f the siroreft is hit 005 «088 «087
obability that the oil system will
e affected if the engine is hit «38 o4 cme

There is no marked difference in these data between the F4U
and the AD sirersft. The number of cases reported for the
FSF is too small to have significance. A comparison of hits
on the 011 coolers of the F4U and the AD aircraft showas a
very great difference by airoraft types

r4U AD

b1 Mahcnqrm

hig L1f the abyeyndh 1a 044 2013

The AD o0il coolers are placed behind the engine in the fuse-~
lage and are protected by deflector plates. On the other
hand, the 01l coolera of the P4U are loocated near the lsading
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 difference in loocatiomnj they illustrete the importance
of taking edvantage of existing less vital components for
protection or providing adequate srmor for vitel oomponents.

e ot e e 2t o
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III. CONCLUSIONS

l, Aircraft attacking ground targets receive ground fire
from all directions below the level of the wings., Approxi-
matoly twice as much ground fire is received from the forward
sone &s from any one of the others, ineluding ¥direotly
below",

2, Por jet airocraft, the relative amount of fire from both
the forward querter and “directly below"™ is approximately 30
percent greater than for propeller-driven sircraft,

Se Jet alroraft receive only 50 percent &s many hita per
combat hour as do propeller-driven airoraft, The influence
on this ratio of the type of mission to which Jet aircraft
are assigned has not bsen investigated,

4, Hits from ground fire of the type encountered in Korea
are rather uniformly distributed over the airerart,

5. The airoraft components which receive the most hits ared

(a) orew stations,

(b) engine,

(c) fuel aystem,

() primary structure.

This may appear to be at variance with the conslusions of 4
above; but hits on the aircraft structure requiring only a
simple patch ars not inecluded in (d),

6., Airoraft components contributing to airoraft losses sre
in order of importancet

(a) pilot,

(b) oll systenm,
(o) fuel aystem,
(d) engine.

7. Although the hydraulis, electricsl, sontrol, armament, and
communications systems received many hits and undoubtedly
affected the efficlency of the aircraft and probably its
ability to carry out its mission, very few losses ocould be
traced to these ocomponents.

BRVLRSWED
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8, Airoraft losses oould te signifiocantly reduced by protect=
ing the pilot from ground fire,

. ".50 calibre projectiles sre significanily more damagins
to airoraft struocture and components than ",.30 calibre pro=-
Jeotliles or fragments, 20mm projectiles are signifiocantly
more damaging to airoraft structure and components tham ".50
calibre projectiles.

10. The F4U airoraft isa twioce as vulnerable (in terms of air-
eraft lost per hit) as the FOF airoraft, which is in twrn
twioce as vulneradble as the AD airoraft. A large portion of
the vulnerability of the F4U ocan be directly attributed to the
vulnerabllity of its oil ocoolers,

1l, The great veriaiion in wulnerability of operational air-
oraft indicates that wulnerability ocould be decreased, and that
the application of passive defensive measures to the aircraft
now under development would ensure minimum losaes.

12. Analysis of a larger sample of data IBN coding would
give sdditional and more reliadble infarmation on the vulnera-
bility of our operational aircraft. Of partioular interest
aret

(a) The oversll vulnerability of the FYF airoraft,

{b) The vulnerability of the jet engine of the PFPOF
airoraft,

(e) A reliable indication of the components contributing
most to the vulnerability of ths AD and the FoF
aircratt,

(4) A reliable indication of the ability of installed
armor to atop projectiles encountered in attack of
ground targets.

(e) A comparison of the piaton engine of the F4U and
the nosé section of the FIF as protection for the
pilot during ground attack.

(£) The effect on hit and loss rates of mission or
target types.

URBMASSIEIE].
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IV, RECOMMENDATIOND

It is recommended that:

(a) A current anelysis of operational wulnerability
data be méintained so that signifieant changes in
enemy weapoms o0r taotios may be detected and so
that operational data may be available %o gulde
(from the standpoint of wulnerability) des
trends in aireraft under development.

(b) That the dates eontaii.ied on Aireraft Vulnerability
Report Forms, OpNav 3480-8, be ocoded by IBM
methods so that larger ssmples of data can be
treated officiently,.

Submitted by:
DK Bﬁzw

0. K. BINGRRX
Opsrations Evalmation Grouwp

_Approved dys

DAL

Project Lesder for Alr Defense
Operations Evaluation Group
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