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SOME LIMITING FACTORS IN DIVE BOMBING
{With special peferonos &0 human aspects)
Wing Comsanpen b M, SHRINAGEAH

PALO, Operalional  Command

Dive bombing received greatest notoriety during the carly phases of World War
IT with the much publicised suvcesses ol the JUST'A {Btudus) which poved the way fise the
wdvanee of German: Panzor Divisions geross Euvope and anahled an Nir Army toooeeupy

the well defended island of Crete.

Tu these days of Jet aireraft, dive bombing still has some place in Liosbh sleatiogio and

tactical planning. With the inereasad speeds of modern aireralt an exaominalion of soma

of the limiting factors of this method of carrying the war to the enemy i= ok oul of  place,
especially as a number of lives and valnable airerafl urc lost  during the provess ol dives

bombing training and tactics evolution

Accuracy of DHve Bombing.

The accuracy of dive-bombing depends amongst other factnra oni—

The angle of dive (to the horizon). The greater the angle the grealer im Lhoo

aceracy atlsined,
The heighl of bomb releass. Thelower the height the greater is Lhe aesarocry,

Tnedirectly on the spesd as thi= factor would affect amount ool wind deift whilst

fif".Tf‘!'!"!'l'.lilIIj.lLi:' '.EH.' \‘ﬂli,‘lf-".-i‘-"f"l'.l.l':'-i‘.i af amall arm= or ?L!il-i.-&i[‘ﬂl’-:.]ft fire from the }:’;I.'U'll.l].d.

Technique.

The technirpe of dive-bombing  usaally consistz of llying  up-sun of the targes
winging vver from o given altitude, diving in a rectilinear Might path towsrds the targed
rdemeing  he bembz at aomven sltitude and then pafl mird from the dive,  These variong

phases of teehnique are illostrated diagranimotieally in Fig. L

During the rectilinear dive from A to B at angle 8. with the horizon, the nirerndt
will' wain speed at & mte of accelerabion which s related  bo Lhe angle @ ood exprossed
bv  wign where gis the acesleration due to gravity Knowing the speed on o entng
into the dive at A, the anele of dive and the altitude of & and B, {the moment'of
homb release and the commencement of the pull-oat) it should theoretically be proribile-ti
determine the “lerminal” veloeity at B taking melerologionl and air resistance fuclory inf

eonEerabion.
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Similarly Wie piveradt will gam speed ot w diminishing rate of aceelorstion from B Lo C

. - L= . i
{the Tivwest Tevel of Uhe pull out or safety heaght) sod ity maximum -Ip:*n.i will b wt €1,
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FicurE 1.
L\ Lentripetal Forces developed during Pull Out

It 12 obwviens from the foregoing that cerfnin centripetal forees are put into action

! & during the pull out and these will give rise o Centrifumal  accelerations which affect the
luman body,  For the eale of simplicity of eleulation it i= assumed that the curvilinear
l giperatt path B—C is the are of o cirele and that the pilot afrer pall ous will follow a miore 6r
| I [ ! : ) 5
] less- reetilinear elimbing path CD or CE snd not continne the pull ont slong CF,
] i
] 1 ¥ . w g w =i =
L ool The maxinonm eentrilugal foree developed at C under the above conditions 1s riven

by the equation:

"l.'l:i]—r'n-' f)

o miix, = @ — 4|
multiples of 15k
gravity (&)
whers ¥ Speed of aireratt in o p.h,
i —  angle of dive in degrees:
h = differonee In wltitude hetween

points B and Cin fped,




Trnmedintely alter the commencement of the pull vut ol point B, this fores will
b Jess than ol )

In further enlenlations, Vo faken ws the mmxidam seloeity  developer] doving
divie-bombing,

Human Tolerances to Centrifugal Forces in Conventional Seated Position.

In vonziderine the effocts of contrifueal fovees on the heman hody, it 18 necossaese
: :

to take mto consideration not only (G lrl.'.‘ilr!llllll( v

T e Y it 1hn;mr'-||||rlrh||-inu
e I
#5151

Aggnming V to be constant from 11 to O in Pig
the doration of (3 acting from point B o (

which it acts.

L for the sale ol ainpliciy
'is given by the oxpression:
hi)
{

in weconds S4({l.cos )Y
Charts 1 and 2 have been constructed foe anedes of dive (@) of 467 & 80 & Th
respectively for varving speeds V & heiphits of pull ool "W, wsing formulae abava,
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within iy "'||L-iu:'p|[._,-- I, without hlnek ont orF loss ol ednseionsiess o tho P buieiae

subjeot, provided ol eourse Wt (he pull cut s oot contineed much beyord the lowest point

of the pall out (point 0" o Figure 1),

Chinet 2 whows o gotne what different pieture with o shift of the i corves up

f Ao the rights with ineressing angle of dive - so that speeds are reached whan the eurvis

| firal famieh & then epose and recroes the “haman toleranee line’ - vide G0 lrl.[r.h. i e

angle of dive ine, which shows that for slow poll one lasting longer than 7 seconds, the imits

s r of lman toleranee tor hlack ot are non reached  and the same sitaation arisss for 4|'|'.1.r|_|.

1'-.1| pall out of durations shorter than 3 seeonds,  Between  thesd two  intevvals of time
| ' medingm” pull ont will result in black oot
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— The black out threshold is, however, nol the only humon aspéet for consideration,

! ﬁﬁarh I shows that high G forees (196 and above) if sustained for even short intervals of
tima tosalt in skoletal fallore.  However, this particulnr  Jicitation & well above the
ptrnotural limits of the areraft which bave Deen assomed o be in Uhe neiehboucbomn] of
TG Chart 13,



|4
Indieated in Chart 1 are two other eurves whose position 5 peceliane b e 45" angle
enrves of Gatime, The first of  these demarcates the aren of  high spoed stalling of the

nirerall and has been eharted on the ooguation

Srlling speed wb o purthenlur 0 level Stallisg apecd ot i x &G

It will B seen that the dapger of o bl speed stall seises(in the case ol the 45- anglo
af dive] paradoxically omly at speeds of 300 aupb s below,  {eage ol 300w pch i G4 s

[t1|.|:|_|-r] {osr mbwviats '.!_i RecomlE )

Chart 1. imdieates also (in order to produce a compoaite pletaes of the lindtabiong of
dive-bombing) the line representing the oneet of compressibility offoots for e wieerall will
noeriticn]l Maeh No. ol 0.75 It will be seen that pudlonts from dives of 45° will hil come.
pressilility effects slightly ahove or below S0 nup b depending on the height of pull oub wd
alrendy defined.  With incrensing (0 loading, compressibility will he enecunterd at lower

spheeche.

Limitations.

Te can now be stuted thwl w vaeioos Dmitalions ol dive bBoanbacoe aee:

I ["-:1':‘|1rf'1'-.=x-li'l"f_'~' (mhock Stalls)

2. High Speed Staliz -
4. Brmetunral Limats of  Aireraft
1. Human Tolaranes o Black-Our and TIneomecinuenass:

&  Huoman Toleranee to Skeleral Failure.

On theoretical gronndsz these varions mitarion=s have been charted in order Lo Tring

ont their inferselationzhine. &n a procedare appears o zhow thas

1. Bome what narrow safety zome extends upwards, decreasing hiejghts of pull

out up to the structural limits of the aireralr

2. That the= vreatest danger appears t0 exist fromy Barly sanrp L}'IL”-‘!?"II'.‘-' at Taver

apeed levels resnl loxically enough in the so-called H1GLL SERED STALL

3. That danger of blacking out or loss of conscionancss are non-existent prm‘irierl
the pull-out is not continued  much beyond point © of Figuee 1, beenuse of the
intervention of COMPRESSIBILITY amd  provided the  lel 5 ol average [

Lolernnes,

4. It is puesible wl cerlnin speeds & pull out height= to over stress the ool

withoul stalling, Dlucking out or lsing consciousness.

Points to be Noted in above Exposition.

1. The eorved line representing the linats for hwman tolerances (Charts & 8
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W for averge individuals only, In this respoct there s considerable  variation  from one
individual to another (hat see bolow),

¥ 2 The Chares hnve bovn worked out on purely ticoretical eonsiderationdg wnd el
l W th le oheoked by acrodynomic experts and possibly by practical esporiment,

»

! oo Poinls B & C ol Fig. 1 probiubly vary greatly depending on the pilots judgement
i of height,  Thiv ddeoduces the human fuctors of height Judgement which s heyonid the

Preseil weope of Lhis paper,

L

! . The angle of dive, ¢, may be difficult to jodge whilst fyving and even the dive
. durgen used for checking purposes is lable to be in serious error,
iR
i 1 d, The eurve B0 hos been assumed o be the are of & circle for the purposes of
II derlving the quantity V4{l-eos #),  Ln actual practice this i merely the ideal condition.  Any
| Lizh

variation from (his ideal (wiher factors Leing constant) will result in a larger G force heing
E I pulled some whers between B and Cfor a shorter time. The sffeen of thiz on the (- time cnrves
+ : B of Clinel 1 & 2 needs to be investipated,

. ¥ has been talen az the maximum permissible apeed  which iz presuomed to
davelon at point (L 'Uhe speeds preceding this point up to B will be some what less and the
3 developed of a lower magnitude.  On the other hand  this will result in time *t"as calenloted
biging on the low side. 1t is possible that after experience & pilot pulls ont more sharply at
point B and then coses out the pull out as the spesd increasss up to G, thus continuonsly
dhanging the radins of the pull ont.

T, Visual faciors have not been taken into consideration

8. The puint of bomb releass, B, iz assumed o be the ssme instanl Lhal the pilot
gommence hig pull ent. Thers may be o lag in thiz in individus] cases,

4, The Qatime corved of Charls 1 & 2 have been ealenlated for the period [rom B
102 ouly snd o allswanees have Dbeen mmde for subsequent aiceralt Oight paths on their
et on thess curves.

10, An interesting point is that of the wing over into the dive atl ‘A’ IF this ia
Hairly ateep, it will have the effect of increasmg the pilot's G tolerance for the pull out. T
e dive was eommenced with a pueh over, the negative G would have the effect of reducing
piint’s G toleranoe,




tlumun Variations in G-Tolerance
CHART 3

HUMAK CENTRIFUGE RUNS - 1O SECONDS AT PEAK o
(BLACK OUT FOR. 2 SECONDS OR LOMGER Y}
IMOMVIOUAL VARIATION

, MEAM s 4944
7.7% MORE THAN 1 BELOW MEAN

MO OF caAsts

ML BELOW %46
GHE AT TRG

MEAH FOR
COMMERCING
l_hﬁ.ﬁvcw

14

i i A i 1 I
34 37 40 43 4 49 5z 55 b2
FEAK "% FOR 10 SELOMNDS mm——

‘hart 3 wives some idea of Lhe variation (az determined on the Huoman Censrifuge]s
of the 2058 individuuly

T I_'I'II.'

in folerance to Mack-oul amoengst a zeries of 208 individuals; (1) i

who were Service personne] show a hlaek-out threshold of move than 16 below the mean al
4,74 . Tt looks a= though some even lower threshold individuals have leen namrally

eliminated from the group.

In addition, a single individuoals threshold may veary periodically,

Carotid Sinus.

There is one other variation which it i= interesting to eonaider,  This is the eftod
of the Carotid Sinus which helps increase tolerance as indioated when diseussing the wings

:
Over.

- % . . . = e

Perhaps the curve of average human tolerancs riven in Charts 1 & 2 and w hiah s

a reproduction from Gagge (2) is too simple o representation, Lf we take the Cnrotid S
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ellect into considerulion the rurve may  look more like that reprodoced [ron Martin aod

Heney (39 soe Chart 4,

CHART 4
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4 1 When human variations are taken intn consideration it will he seen that persannel
b 1 with & Tow threshold or those suffering from & lowering of their normal threshold come very
of b4 much into the picture and may snffer from visual symptoms OF lose of eondvicusness in dive
by '-i Bombing waneeavres,
I|
Itecommendations.
Pilot before commencing dive-bombing training or exercises should =—
1. Be suitably briefed reganding the various limitations involvid.
A . 2. Huve some idea of their individual hieeshold & variations to contrifngal
5 weenlorrtions:  This® may he mined by previous sel eNerci=es fnvolving  sustained
shirp tnrns or desecnding £ arals provided  aceelerometers At fitbed i the aireraft, or
i nn the Toman centriloge.

| 14
gkt & Bhould e thronghly eomversan with ecortain sell protective memnoeuy s,
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11 wecurnte information 18 to be provicded to rhe atrorew, wi airhorne Aoceloratnn
laboratory or & Humon Centrifoge is an ungent LA vaquirement, Woek with thesa will

help save lives ad aireeafl.

Heferences:

Wermasl Varintion in Toleranos to Positive Hardhal Yocelornbiog - by LE Comdr

I.-'I...:.;ql, B, Stauller - Jourmal of Aviabion Medioims - Jone, LR,

Aern Medical Probleme of Spuee Teavel - Lt Calo AT Gagpe - Jourened of oy
[

tion Medicine, Do, 1040

The Effects of Time and Temperature upon Toleranos tn Positive Avccloration-

iy Froest, B Murtin & James. P Heuey. - Journald of  Aviation  Muodieine

et 1HA1




