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A STUDY OF THE TOLERANCE OF ROK AIR FORCE PERSONNEL TO +Gz CENTRIFUGATION
AaJ. Byung Kook Lee, M.D., Capt. Jung Min Hwang, M.D., Capt. Jong Sang
Chois, M.D.7-C-pt. Sang Goo Shin, M.D., Joung K. Park, M.D. - ...

1. WMODUCTION

After the success of the first e'.periments of the Wright brothers the development of

of aircraft proceeded quickly, and from the days of proeel!ar aircraft, the era of jets "'d

supersonic flight soon followed; iven these types of flight conditions, there is pre.nr.tl,'

a clear need for biological research into the medical aspects of flight.

Given the canabilities of mcodern fighter airorft for maneuverability1 and high spe-do,

the importance of studies on centrifugal forces, pressure changes and oygen consumption

has become iucr?21ingly apparent. )

During situations of positive centriWu tion during maneuvers in fi-hter aircraft

involving changes in direction, some problems relating to blood in the cardiovascular

system have been noted including cerebral blood pressures of Ore Hg in pilots of fighter

Vlaes mulling 5.5G.

Because of the relationship between spatial disorientation and various kinds of ac-

cidents, centrifuicatimn and tolerance to it in the cardiovascular sytem including conditions

unde- ",ieh it occurs 'n fmctioning of the system ,:nder such conditions have become an

inreasingly i.mportpnt problem.

According to the most recent American revorts, fighters like the F-4E are capable of

producing instantaneous accelerations of more than 8+Gz, and the F-15, in computer sLnua-

tione has revealed the capability for producing acceleration levels higher than 10+G, 2 )

Because of these types of maneuver capabilities in fighters and their ability to produce

such Aifficult C-force environments, research into methods of incr-azing :he toler'nce of

nilots for such forces is continuing. Research into the G-forces exerted on pilots while

e-:ceuting M-1 and L-1 -mneuvers as well as into the topic of PPB (Positive Pressure B3e,-thing)

is proceeding in a unified effort. 3 ) Much research is being carried out into the problems

of the r-easons for decresses in the tolerance of pilots for G-forceu. And the optimum con-

iitions under which pilots can face the problem of these forces. 2

Hand and hand with this, equipoent has been developd and fielded (1Human centrixCe)

" hich, all at one time, allows a more scientific study of the phenomena of tole--r.ce to

- positive G-forces and pro-ides a means of training pilots to incre.se their tolerance to

such conditions. Dro P. Garm carried out the first experiments in aviation medicine in
4)

.1918, t his research related to G-forces and involved the use of animla , and the United

States established facilities and carried out similar research.

At present, in our air force, e,.uiament and f-.cilities kre being utilized for trtirning

and resea-rch in the area of tolernce to G-forces, and matrial of interest to aviation med-

icine has ben discovered in these efforts. In pursuance of these efforts, the following

expiriments were carried out in order to com"ar the relative tolesances of pilots to poa .
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itive G-forces as compared to the tolerance of ordinary officers and enlisted men to such

forces as well as to ascertain what types of disruptive effects such positive centrifugation

can have on the cardiovascular system.

II. 03JCTIs L.A) E'-THODS OF 7P-RIIOTTIMN

1. Objectives of Expeerimentation

176 pilots and 87 jrdinary officers and enlisted personnel were utilized in these

experiments, and their average physical charncteristics are listed in Table 1.

Table 1. Physical chpracteristics uf subjects
I N ° °  Vital c=pacityGroup Nob.ot Age (yr) Height (ciji) Weight (k3q i (.pa

su (1c.
Pilot 176 30. 0±0.8 170. 0.&40 d 61.8:t5.6 4.39±0 42
Non-pik t 89 22.3±1.5 169.7-3.85 60.1±6.2 4.13±0.53

Table 1

Mhe ranks among the pilots used in these exp- riments r".Mged from 2LT to Colonel, and,
because all innks were rep-nsented in the sample of ordinary officers and enlisted personnel,
the are of the pilots was greater the the avernge age of the ordinair Croup; however, there
were no sienificant differences in height and weight betueen t- e mto roups, and the pilots

had better breathing capacity .'<0.05). ,

2. Methods of x-perimentatiorV

-hese exeriments were carries out at the Aercmedical Res. rch Center using the rositive
centrifugal forces gener-ted by the G-force tolerance training eouinment (-uman Centrifuge;

-,0(.0-c trpes -mro ni ineer-ing Co.) which is installed there.
During these experiments, standard flight methods were employ-d with the G-force tol-

erence training equipment dependent on compgletion of a course In aerobiology where the rilots
were concerned. (Pig 1) After a check of the equipment and the ms enger in the :ondola,
the centrifugal force was slowly increased from 1.56G(Biostart) and then quict- 1- ris3el to
6+G- -where it was held for 30 seconds, then, it w .s brourht bark down to 3Gz during the

course of 15 seconds; the force continued to be lowered i4Gz every 15 secands; the exper-
inent was stov Pd at the first SPt-r~nce of Black Out -henomeneu (7iC 2). In he second
t'rw o" centrifU9e -im, in which oe C-fo-ce wa.s incr.-1d 1+ evtrn 19 seconds, physiolo.-
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gicl compenstion appeared between 0 and 11 seconds of the 15 second intervals. The exper-
imental subjects were checked for effects on their cardiovascular systems using the Thyio-
-aph(Narco Bio-System Inc: Physiograph(Six),th

7r.
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Fig i. Standard +Gz acceleration profil.

III. 53SULTJS

It can be seen from looking at Table 2 that, ,under standard flight conditicns pul-ng
-6 -4z for 30 seconds and considering the occurrence of tolerance and Black out phenomena, 159
of the 176 pilots or 90% exhibited tolerance; however, only 40 of the 89 ordinary personnel

.without flight experience or 456 exhibited tolerance. Considering the rate of tolrance
failure while pulling 6+Gz for 30 seconds as broken down by rmnk (Table 3), except for the
rank of captain which exhibited a tolerance r-.te of V4, all the other rank roups id a
success rate of 90 or higher,

Figure 3 displays a comparison of charges in heart rate as the result of flight =nder

normal conditions.
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Table . Comparison of tolerated & failed
subjects at 6 .- Gz for 30 sec bet.
ween pilot & nm.n-pilot group

No,. o ted FailedType of subject subjecto' a i
Iujet Nof1J o

Pilot 176, 159 1 17J10
Non-pilot 41 4011I 49 55

Table 3. Comparison of tolerated &failed
pilots at 6 +Gs for 30 sec by
their classes.

Cam No. of tei

ScdLieutenant1  9! s0 1~-
First Lieutenant 2 848 16.1p !- , 8 1 11
Captain 36 33 2I
Major 461 421 91 41 9
Lieutenant Colonel 311 29 i94 1 2 6
Colonel 4 4 100 -

Total j M7 1591' 9 17 10

Conparin, the changes in heart rate of the pilots ar-d the ordinary per-cnnel In tr.e
groups that were tested for tolerance .hile ulling 64G% for 30 seconds, under the L'.fluence
of positive centrifugal forces there was a straight-line incre- .e in he-rt rate for the fir zt
10 seconds at 6-z after which the values stabilized in the pilots; however, the ordnary
officers and enlisted persomel exhibited an increase in heart rate over and .bcve that of
the pilots and which was conspicuously present after the first 5 seconds of f!l.' ;," h s
difference of over 20 be.ti/min peoristed umtil the end of the flight,

.hile pulling 6+0% for 10 seconds, in the group that failed, the pilots faileo: after
an avera e of 120, seconds while the orinaa y officers and enlisted .ersvnnel fail.hd after
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an average of 7.2 seconds; after the flights were interrupted because of these failures,

the pilots exhibited comparitively higher heart rates and changes in heart rate than did
the group of pilots that exhibited tolerance and, statistically speaking, there was no
(one word missing on my copy) differ'ence (P> 0.05); among the ordinary officers and enlisted

personnell, there was no difference as compared to the non-pilot group that exhibited tol-

eqance.
Fig 4 shows the distribution of tolerance achieved against positive centrifugal forces

in stages during the flight; these stages of tolerance were achieved in 56 (sic) non-pilot
personnel beginning with a 3+Gz force for 15 seconds followed by I+Gz increments of increase
until Black out occurred; this data was sought in order to ascertain ,hat levels of tol-
er-m.nce axisted to positive centrifuaal forces when exerted against Kori-n personnel.

Arranging the non-pilot -,roup according to how many positive Gz they could safely
tole-ate for 15 seconds, the results worked out 'ike t -is: 3+Cz, 1; 4+Gz, 14; 5+Gz,

26; 6+-Gz, 14; and 7+Gz, 10.

3ne overall tolerance of +Gz within this non-pilot -roum is display ed in Table 4 and
reveals an average tolerance of 5.3+Gz with a st:.ndsri deviation Of + 1,0? Pnd a rang -e of

Table 4. Po',tiv,; Gr tolerance of non-pilot
group.

Number of subje.g 65
Mean 5.3

&D.Range ._ 3-7

Fig , shcw. the fluctuations in he.rt rate among the group that -id -how crfective
toler-ince of +Gz, and these fluctuations are shown as a function of increases in the 4Gz,

-imploying standard flight methods, beginning from 3+Gz and incre-.sing in staes e.ch lasting
15 second3

Under these conditions, the heart rates in the sub.ject group increaced when subjected
to a continuous incr-ase in +Gz, and the results we:'e as follows: at l.;U (Biostrt) tIhere
was an increase of from 105-1 16 beats/in; at 3 G there was an increase oC from 114-124
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Fit 5. Changes in heart rate of non-pilot group according to the intencity of +G:

bpats/in at the beginning of the flight period and 126-145 beats/min at the end of the

flight eriod; at 4.Gz the beginning acid end measurements were 133-147 beats/min %nd 142-

159 beats/,in; at 5+Gz the measurements we:re 146-162 beats/min and 156-171 beats/mn;

at 6+Gz measurements of 158-173 beats/min and 166-172 beats/min were obtained.

The group that tolerated 7+Gz showed fluctuations in he-irt rate as a result of ros-

itive G-forces, and these fluctuations were casistently lower in actual number of beats/
mmn relative to :luctuatims Ln groups that could only tolerate lower +Gz

IV. X-A:*lITION OF DATA

Acceleration is the rate of cahange of speed or direction over time. The :ypes of ac-

cele=raion p--oduced during flight can be divided into linear accoleration and an iaar ac-

eele rwh.tiotlee
Line,u- acela-tion. oocurs when R 1Nxiy Moving- in, a tairfht line changp.z sred, nd
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the tr/e of line-.r acceleration called radial acceleration occults when an object moving

at a ifixed s~eed chsnges direction, On the other hand, angular acceleration occurs when

thero are simultaneous changes in velocity and direction of n o.;ec

The influence of accelera~tion on a human i'ody varies with the strength of the ener J

a~plied, the time of anpiation, the scope of applica.tion and the cdirr.ction c: applica.tion;

jif the area ainst "which an acceler'ation is applied is small, the rec ulting injuries ::l

oe mall, however, forces applied to the teplon of the hea.d can produce _rave in.juries
because or the differences bet-ieen t'.e he~d and the rest of the body-, ' In fact, acceleration

is not the only factor deteraining the effects felt by the hum-'n bcd"° in zuch eit',tticns;

thue direction of appllication of the force of ravity as ,an ncre-ase ir. velocity is also

an important f-actor in determining the tol.r-nce of a i.'-n person. That i3 to o ay that

acceler-ations, accor-ding to their direction of application, can be iv->ied into positive,

*'e ative a-d lateral or horizontal tyies,. Dur-ing aircra-ft fli,;ht tĥ~ %D-_,ietinn of

the energy of ositive 0-forces (+Gz) in a directional marier to the hea-d area is a ih-

omenon which oceurs often and is ver-y ipor-ant. Th"e applir'aticn of ne -ative C-forces ( -"i

in an onnosite dire ction to the area of the he-id in anounts gr- .ter than -3z cre.t es a

-iangez-us sit-uation in ,hich blood is *.ra.m out of the hed ezd the rhpnomenon of Rpd cut

9
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occurs. Horizontal accelerations apnlied forward nd backarI or left and right can be

tolerated relatively well by the human body, and instantaneous accelerations of up to 15G

can be withstood7 ).

The forces of positive acceleration influencing the human body -.n be rcugh ly clas-

sified this way: first, the influence of *-z.vity on the body itself; second, influences

on the resriratcry sstem; and, most irportrnt, infiluences on the cireulatorr system.

That is to say, -s shown in Fig 6, seated in an urrifht position at A -hen the arterial

blood nressure is 120c-ndg, at a level 30cm above the he-rt, the artera] blood Dres.ure*

in the brain was 22-mxHg lower at 98nmHg; mo-'eover, at a level 75cm below the heirt, the

rressr-ure in the area of the feet was 17mmHg. If a force of 6+Gz is ar iied, the blood

pressure cannot force blood up those 30cm to the brain in order to keep it supplied, so

the subject lapses into a state of unconciousness. If the arterial pOres:, ure in the brkin

falls because of the effects of positive G-forces to a level 20nmT= below its former level,

then there will be an inadequate blood suprly to the retinas of the eyes and periphe-al

light loss occurs along with the so-called Grey out phcnomenon; -o:'eov-r, if the zrocess

contin-ues, cent-al vision will be affected, and 3lack out Tihenro:n--on -.,:ill occur. The

critical points controling the two -hen-omenon mentioned above have apelications in many

areas.

However the types of cardiovascular np.-oblems mentioned above occur at v-tricus levels

of acceleration. For various complicated re7asons, the ability to wiz.hs-:.nd accelerztion,

t.at is, tolerance exists at many different levels in different neople. It is Rnown that

the ability to incr"-e tolerance to acceleration through training can play an i nort~unt

role, nd, in our expTriments, the fact that the pilot group, who had more exe-:ience with

acceler.tion, displayed 3rMeater tolerance to acceleretion than 4id the non-pilct ,rcu- when

the .r-oups were both exposed to +6G% for 30 seconds surports this ncint of view.

As far as increase in heart rate goes as a response to acc-leraticn, L a k,.ind of

opposite or synm.etrical reaction, the effect of acceleration is to re tuce the blood rren-

su-e and the azrount of blood being circulated; this causes the stretch -ecnters of he

carotid sinus of the Aorta to initiate a contr-.eticn rhenomenon -,e )locd ve:;2s, -rn.I

because of this the heart rate is increased-. As far as our es:n n, -, o, t:e exper-

ience we had ".ith the pilct ,roup in which heairt b-at levels of 15C b-ats'-in occur,!i

representing an incr-ase of approximately !1.3 beats/,n for e-ch increac.e of 1-k- turns

out to be somewhat lower then the exnerience ef Lambrt and others in sirilar ex-rimamsr- ;
moreover, the corresrondin-g 1.7 beats/G rateof ine.re in'.he no--i!,t rour wa: natner

higher, These remslts -- flect the fact that .eater flight experience of -he ilot. -nd

their co-res-Pcndingly incr ?-sed tolernce of accele-ation lessened the burden on their

eiculato r sjystems. Among the pilots, those at the ran]l of cantain who bad a lot 'f
f'light er.nrience sl-cwe hi;Ther .nt,-s of tolerance., ,nd this f-.ct T-arnrt h it t -:

10



Table &. Comparative data of .+Gz of ROKA with other countries
IAcculeration + Gz tolerapce

rype of subject No. of subject rate -

(G/sec) Mean*S.D.__ Range

Nava Cl17 0.4 6.±.0 2 -
KoreaROKAF: Pic'7 

. .

\Non-pilot 1650.S.I1.23-
Nvlaviscion 1.

U.S.A. ca10d0et 5.4±0. 9 3. 0-&.4

Japan Non-pilo 21 a).1 5. 7t0.3 4.1-6.0

Progressive exposure to acceler -tion incr' ,nses tole--,nce of it.

Cn the other hand, ccncerning the tolerance off the non-nilot group -which h.Ano fih

eXnerlence to the rhased 'Positive accelerntions to *:hi-ch thery we:e e-xposed, this --rouDp

achi"If-d ar ave- 2- to!lerance of 9-3+G:;± 1.)2 in a ranj off f-00i 3 to 7 Gz; how t~s-n

Trares to similar lata develonDed on A-merican and 'Japanese subjects czan be seeni in Tiabole 5;
in terms of On-set ratio, although there are diffferences, similar values we-re achieved for

all Trouns, and, in terns of tolerance to ro~itive acceler-.tion, there se-ms to bp no Iiff-

fer~ence bet.ween oriental -,nd occidental pe rsonnel; when one considers increases in he-'rt
-te as a fcinof increase in iCzq however, the group w-ich had a hi. oe-c o

0-forces had l.ow change.* in heart rate and lesz influence on their circulatory S-- te;

this soa"-es w.-ith the results of our tests at 6 +Gz for 30 seconds.

in ordier to understind the influences which affect the circulatory svster off the human

body and its toler-nce to the no.-itive acceleritions produced durin th'e fflirht Cf fiC t-er

aircraft, we ionducted accelerstion I"light experiments using acceleration tolernceetann

equinment (Human Centrifuge: 2#0'0-C tre; Tmro 2Thinecrin- Co.) and contra-ting 176 .ZOCK

Air ?orce nilots with S9 non-rilot officer axd enlisted personnel.

The exmeriments were conducted in this manner; after the subjects got on board the

gondola and nhysioloxsical monitoring equ-snie :t was connected to them, we started the machine

and, after -radually achieving Biostart at 1.56+G--, we raniily ic'ae.the accele-:ticn

to 6+Gz and held it there for 30 seconds; this was the first method employed; the seconcl

was to increasi the acceleration in steps beginning at 3+Gz for 15 seconds and increasing

the acceleration by 1+G after each 15 second exr osure until Black out phenononon occured.



In order to understand the effects of t.ese accelertttions on the circulatory systeris of the

Cubjects, we used a PhysiograTph to measure changes in heirt rate and got the results listed

below.

1. During the exposure to 6 4.Gz for 30 seconds, 9M, of the pilots tolerated the

acceleration, but only 45'' of the non-pilot personnel tolerated the same exposure;

the rest of each group experienced Black out phenomenon during the test and

were terrinated before the test period was completed.

2. W'hen the degree of tolerance to G-forces among the pilot perscnnel was compared

to the ranks of the pilots involved, it was found that those pilots who held

the ank of captain had the highest tolerance levels.

3. During the course of an exposure to 6+Gz for 30 seconds it was found that the

pilot group had relatively less change in their heart rates than did the non-

rilot ersonrel; moreover, the circulatory systems of the pilots were affected
!ecs.

4. Over all, the non-pilot rup achieved an averaCe tolernnce to positive -- foreps

of 53- 1.02+Gz with a range of tole-nces from 3 to 74a .

C Over all, when the tolerances achieved b- various indiiduals to nosiVT>e ac-

eele-ntions imder the conditicns of these tests were comrared to cinx res n

heart rite as accelerations were increased, it turned out that grous -!ith rgla-

tivel.- higher tole-ances to Positive accelerat!ions had lower chenecz in heart

rAze.
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- Sumary -

The Study on the Tolerance of ROK Airforce Men to
+Gz Centrifugation

Aeromedical Research Center

Maj., Byung Kook Lee, M.D.
Capt., Jung Min Hwang, M.D.
Capt., Jong Sang Chois, M.D.
Capt., Sang Goo Shin, M.D.

Joung Kook Park, M.D.

In order to determine the human tolerance to positive acceleration and evaluate the effect of
+Gz on cardiovascular system. 176 pilots and 89 non-pilots were selected to take centrifuge
running on Human Centrituge: 2,000-type C; Emro Engineering CO.

- All subjects were exposed to the rapid onset profile of 6 +Gz. with 30 second plateu which
was started slowly to 1.56 +Gz(Biostart) and increased rapidly to 6+Gs. The second profile of
centrifuge running with non-pilot group was stepwise running from 3 +Gz to & tolerable
high +Gs. The increase of I +Gz was followed by every success of 15 second running of
+Gs. The centrifuge running was stopped at the sign of black out phenomena of subject.

The changes of heart rates was checked in order to evaluate the, cardiovascular effect of
+Gs with physiograph.

The results obtained were as follows
1. The pilot group were tolerated 90% in rapid onset profile of 6 +Ga with 30 second

plateu and non-pilot group were 45% only.

13



SLuJTary (cont.)

2. The high ianks of pilot group had higher tolerance rate than lower ranks of pik.t group.

3. The changes of heart rates of pilct group at 6 +Gz witl 3(, second platcu was relativety

setaller than non-pilot in the case of tolerated group of ceit-ifuge runs. It means that the

pilot group had relative little burden of +Gz on cardiovzscular system.

4. The +Gz toiera.* , non-pilot group achived from 2nd centrifuge ,... 't .3 -6.4:

1.02 (Range 3 -7 +Gz)

5. The changes of heart r.es of highest +Gz tolerance group at the 2nd centrifuge run

according to the increas of +Gz was relatively smaller than lower +Gz group.
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