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A STUDY COF THE TOLERANCE OF ROK AIR FORCzZ PERSONNEL TO +Gz CENTRIFUGATION
dlaj. Byung nook Lee, M.D., Capt. Jung Min Hwang, M.D., Capt. Jong Sang
Chois, M.D., Tapt. Sang Goo Shin, M.D., Joung K. Park, M.D. - -

I. TTRODUCTION 4

After the success of the first evperiments of the Wright brothers the develorment of
of aireraft proceeded quickly, and from the days of prorellar aircraft, the erz of jets »nd
supersonic flight soon followedj [iven these types of flizht conditions, there is presently
a ¢lear nead for biological rese~rch into the medical aspects of flight,

Given the capabilities of modem fighter aircraft for maneuverability and high spesds,

_the imporiance of studies on cemnirifugal forces, pressure changes and cxygen consumption
kas become imcr--singly a.ppn.rel'n:.1 o

During situations of positive centrifumtion during maneuvers in fi-hter airemft
involving changes in directiom, some problems relating to blood in the cardiovascular
system have been noted including cerebral blood pressures of Omm Hg in pilots of fizhter
planes rulling 5.5G.

Because of *he relationship between spatial disorientation and various kinds of ac=-
cidents, centrifuation and tolerance to it in the cardiovascular system including conditions
unde» -f~ich it necurs »nd functioning of the system under such conditions have become an
inereasingly impvortant problem.

Accerding to the most recent American revorts, fishters like the FP-4E are capable of
producing instantaeous accelerations of more than 84Gz, and the F-15, in computer sirmla-

ticns has revealed the capability for producing acceleraticn levels higher than 10+Gz.2)
3acause of these *‘ypmes of maneuver capabilities in lighters and their ability to prcduce
such difficult C-force environments, rese~rch into methods of increasing the toler2nce of
nilots for such foxces is cmtinuing. Research into the G-forces ex~rted on pilots while
ezocuting M=1 and l=1 mancuvers as well as into the topic of FPB (Positive Pressure Breathinz)
i3 proceeding in a unified eff‘ort.S)
of the r-asons for decreases in the tolerance of pilots for G—fo*.:ces and the opticum con=

Much research is being carricd out into the protlems

4itions under which pilots can face the problem of these forces.®

Fand and hand with *this, equipment has been developed and fielded (Fuman cenixiluge)
‘hichy 2l1l at one time, allows a more scientific study of the vhenomena of tolarznce o
.positive G-forces and pro-ides a means of training pilots to increase their toclerance to
such conditions, Dr, P, Carsaux carried out the first experiments in aviation nedicine in
.1918, *his research related to G~forces and involved the use of mimlae )a.nd the Unit
States established facilities and carried out similar research.

A%t present, in our air force, enuitment and facilities are being utilized for trmining
and resa-rch in the aren of tolerance to G=forces, and mat~rial of interest to aviation med=
icine has bem discovered in these efforts, In pursuance of these efforts, the following
expariments were carried out in order to compare the relative tole—ances of pilots to pose




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 cenirifugation

can have on the cardiovascular system,
II, CBJZCTIVES AR /ETHODS OF I/ P RIMDNTATICN

1, Objectives of Exrerimentation

176 pilots and §7 srdinary officers and enlisted personnel were utilized in these

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

Table 1. Physical characteristics of subjects

t . .
Group l :xol;j:cft Age (yr) E Height (cin) ‘ Weight (k3> | Vital g?;pacny
Pilot | 176 30.0+3.8 l 170.0=3.40 ! 61.8+5.6 4.39+0. 42
Non-pilct ! 89 22.3+1.5 : 169.7+3.85 60.1+6.2 4.13+0.53

Table 1

The ronks among the pilots used in these exprriments r-nged from 2LT ‘o Colonel, and,
because all ranks were represented in the sample of ordinary officers and enlisied perscmnel,
the age of the pilots was greater the the avernge age of the ordiinary croup; however, there
were no significant differences in h2ight and weight between t e wwo -rours, and the pilots

had btetter breathing capacity ¢.'<0.05), .

2¢ leihods of Zxperimentation

These exveriments were carries out at the Aercmedical Res~arch Center using the rositive
centrifugal forces gener-tsd by the G-force tolerance trzining ecuipment (iumen Centrifuges
2¢00:0=c “¥re: >mro In ineering Co,) which is installed :there.

Juring these exneriments, standard flizht methods were employ~d wi‘h the G=force tole
erence training equipment dependent on completion of a course in 2erobiology where the rilots
were concemed, (Fig 1) After a check of the equipment and the pas engers in the sondola,
the centrifugal force was slowly increised from 1,56G(Biostart) and then quict1 rrized to
64Gz where it was held for 30 seconds, them, it w-=s brourht back down to 3402 during the
course of 15 gaconds; *he force continued o be lowered 414Gz every 15 secands; the exper-
inent was stoored at the first appenrance of Black Out -henomenen (Tis 2). In the second
“rpm 0" centrifuge mm, in which *oe Gefo-ce was iner--rrd 14G- every 1 seconds, thysioclo-
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gical compensition appezred between O and 11 seconds of the 15 second intervals. The exper-

imenta]l subjects were checked for effects on their cardiovascular systems using the Thysio-
graph(Narco Bio-System Ine: Physiograph(R)S:lx).

G force
H

¢
.

20 30 40 50 60 70
Time (sec) -

R 10

Fig 1. Standard +Gz acceleration profi!..

III, ZRESULTS

It cen be seen from looking at Table 2 that, mder standard flicht conditicns tul.ing
- 64Gz for 30 secomis and cangidering the occurrence of tolerance and Black out vhenomena, 159
of the 176 nilots or 905 exhibited tolerance; however, only 40 of the 89 ordinary DPersomel
‘without flizht experience or 45 exhibited tolerance. Considering the rate of *olavance
f2ilure while pulling 64Gz for 30 secands as broken down by rank (Table 3)s except for the
rank of captain which exhibited a tolerance r-to of 8455 all the other rank Sroups had a
success rate of 9025 or higher,

Figure 3 displays a comparison of changes in heart rate as the result of flight under
normal conditions,

e




Table 2. Companson of tolerated & failed
subjects at 6 +Gz for 30 sec bet-
ween pilot & ncn-pilot group

!olef‘- .
Type of subject | NO- of .ted Failed
. subject ‘ NoJ % No
Pilot 176 159 90 1 10
Non-pilot & tﬁ‘ .

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

their classes.

. ] [okTaT Fai

Cl‘” zlos j:c‘t Fllbd

\ No.l % | No.| %
Second Lieutenant! 9: §|l _— -
First Lieutenant SOi 42 80' 8 16
Capain % 3 % 3 s
Major “ 42 91 4 9
Lieutenant Colonel 31 as: % 2! 6
Colonel 4 4100 - —

Total | 174 159! ao{ 17; 10

Compzrins the changes in heart rate of the pilots and the ordinary versennel in the
groups that were tested for tolerance while pulling €4Gz for 30 seccnds, undcr the inluence

of positive cenirifugal forces there was a strajght=line incre-se in he-rt rate for the firs: '

10 seconds at 6+Gz after which the values stabilized in the pilota; however, the ordinary
officers and enlisted percomnel exhibited an increase in heart rate over and abecve that of
the pilots and which was conspicuously present after the first 5 seconds of flish*s :h:s
difference of over 20 beats/min persisted until the end of the flight,

“hile pulling 640z for 30 seconds, in the group that failed, the pilots failed after

an average of 12,7 seconds while the oriinary of ficers and enlisted versonnel f2iled af‘er
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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 zroup of pilots that exhibited tolerance and, statistically speaking, there was no

(one word missing on my copy) difference (P> 0,05); among the ordinary officers and enlisted
personnel, there was no difference as compared to the non-pilot group that exhibited tol-

arance,

Fig 4 shows the distribution of tolerance achieved agninst positive centrifugal forces

’ in stages during the flight; these stages of tolerance were achieved in 56 (sic) ncn-pilot

personnel beginning with a 34Gz force for 15 seconds followed by 1+Gz increments of increase
mtil Black out occurred; this data was sought in order to ascertain what levels of tol-
exmnce existed to positive centrifugal forces when exerted againsi Kor»~n persomnel.
Arranging the non~pilnt group according to how many positive Gz :they could safely
tolerate for 15 seconds, the results worked out 'ike triss 3+Gz, 13 4+0z, 14; 520Gz,
263 644Gz, 143 and 74Gz, 10,
The overall tolerance of 4Gz within this non-pilot ~roup is displayed in Table 4 and
reveals an average tolerance of 5,340z with a gtandam deviation of + 1,02 and 2 rangzs of
374Gz,

Table 4. Poctive G7 tolerance of non-pilot

group.
Number of subje.i ' 65
Mean ’ 5.3
S.D. +1.02
Range 3~7

Fig S shews “he fluctuations in heart rate among the group that iid chow cifective
tolerance of 4Gz, and *hese fluctuations are shown as a function of increases in he 4Gz,
amploying standard flight methods, beginning from 3+Gz and incre~sing in stages each lasting
1% seconis,

Under these conditions, the heart rates in the subject group increaced when subiected
to a continuous incrzase in 4Gzy and the ~esults we:e as follows: at ,%6G (Biostart) there
was an increase of from 105=116 beats/min; at 34Gz there was an increzase of from 114=174

7
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Fig 6. Changes in heart rate of non-pilot group according to the intencity of +Gz

beats/zin at the beginning of the flight period and 126=145 beats/min at the end of the
flight veriod; at 44Gz the beginning and end measurements were 133=147 beais/nin and 142-
159 beats/min; at 5+Gz the measurements were 146-162 beats/min and 156=171 bexts/ning
at 64Gz measurements of 158=-173 beats/min and 166=172 beats/min were obtained.

The group that tolerated 7+Gz showed fluctuations in heart rate as a result of rose
itive G-forces, and ‘hese fluctuations were cmsistently lover in actual number of beats/
min relative to luctuatimns in groups that could only tolerate lower +Gz

I7, *XANTNATICN OF DATA

Acceleration i3 the rate of change of speed or direction over time. The -~ypes of ac=- i

celemmiion produced during flight can be divided into linerr accoleration and anguiar ace
celeratio,

pppp——-er

Linear acteler-tion oc~urs when a body moving in a staisht line changes sreed, and
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*he tyve of line~r acceleration called rsdial acccleration occurs when an object moving
at a2 fixed sveed changes direction, On *the other hand, angular accelerition occurs when
thers are sirmlianeous changes in velocity and direction of an obliec+ >

The influence of acceleration on a human rody varies with the strength of the energy
anplied, the time cf avplication, the scope of application and the direction «f arplicntion;
if the are2 amainst which an acceleration is avplied is small, the reculiing injuries will
ve small, however, forces arrlied to the region of the head can produc? grave injuries
because of the Aifferences betiuecn ti-e ne~d ard the rezt of the bod:.'.b’ In fact, acceleration

i3 not the enly factor deternining the effects felt by the hummn bed: iIn such situzticns;

_the direction of application of the force of zravity as an increase in veloeity is also
an important factor in determining the Zol-r-nce of a2 gir-n perscn. ‘hat is o say that

. accelerations, according to their direction of arrlication, can be 1ivided into nositive,
negative a~d lateral or horizontal types.f) During airer:ft flight th~ apriieation of

the energy of pesitive G-forces (4+Gz) in a directional marner to tre head area i3 a rhen-
omenon which occurs often and is vary impor-ant, The applicaticn of n2-2tive G=forces (<«3z)

in 2n omrnosite direction to the arsa of the hend in amownts gr-ater than =323z creaies a

Aange~~us situation in hich blood is Arawm out of the haad ard *he r~henomenon of Red cut
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occurs, Jorizontal 2¢celerations 2pnlied forwarmd and backwari or lefi and right can be
tolerated relatively well by the human body, and instentaneous acaelerations of up to 15G
can be withstoodﬂ.

The forces of nositive acceleration inTluencing the human rody ~=n be rcughly clas-
sified this way: first, the influence of graviiy on the body itself; second, influences

cn *he resviratory srstemy; and, most import-nt, influences on the cir-ulatory system,

1+Gz
T™at is to say, -=s shown in Fig 6, seated in an urrish® nosition at » > ‘hen the ariorial

blood pressure is 120mmEg, at a level 30cm atove the he-rt, the a»terial blood pressure’ ‘
in the brain was 22rmig lower at 98mmHg; moreover, at a level T5cm belew the he~rt, the
rressure in the area of the feet was 17SmmHg., If a force of 6+Gz is appiied, the blood
tressure cannot force blood up those 30cm to the drain in order to keep it supplied, so
the subject lapses into a state of unconciousness. If the aricrial pressure in the brain
falls because of the effects of positive G-forces to a level “Ormily below its former level,
then there will be an inadequate blood suprly to the retinas of the eyes and peripheral
light loss occurs along with the so-called Grey ocut phonomenon; ~osover, if ihe trocess
continues, central vision will be affected, and 3lack out pheromzinon will occur, The
critica% points controling the two thencmencn mentioned z2bove have aprlications in zeny
a.rea.S.E"

Jowever, the types of cardiovascular problems mentioned above occur at varicus levels
of acceleration. For various complicated rezsons, the ability to wizhs-~nd accelzrmiion,
trat is, tolerance exists at many different levels in different veovle, It is xnown that
the ablllty to incran=e tolerance to acczleration through training can play an iiporiant
rcle, a'.nd, in our exprriments, the fact that the pilot group, who had more expe-ience with
acceleration, displayed zreater tolerance to acceleration than 4id the non-pilct srour vhen
the zroups were both exnosed to +6Gz for 30 seconds supports this mcint of viasw,

As far as inerease in heart rae 2oes as a response to accqleraticn, irn a kind of
onpposite or symmeirieal reaction, the effect of acneleratiom is to reiuce the tleed nref-
su-e and the amount of btlood being circulated; +his causes the stretch -ecentors of the
carotid sinus of the Aorta to initiate a eon“rasticn rnencmenon in a2 bloed vassals, nd
pecause of this the h27rt rate is increas d? o« As far as aur evp rinen'I 0y TNG oXper-
ience we had with the pilct sroup in vwhich hezrt beat levels of 15C neats/~in occured
rerresenting an incr:ase of aporoximately 11,3 bexts/min for e-ch incrensa of 143 tums .
out to te somewhat lower *than *he exmerisnce ~f lambert and others in sizilar ex;erimmfs9’;
moreaver, the corresnonding 14,7 be"’fs/f‘ rate af inerens: {n the ncn=rilet Troun wac rather
higher, These resuits =»flact the foct that Treater flight exnevisnce ol “he vilots and
their co-restcndingly inere~sed folerance of accelevaticn lessened the burden on their
eirculatory svstems, Among the pilots, those 2% “‘he rank of cantain whe had a lot of
I1ight exprrience showe? hisher minss of tolerance, 2nd *his f-ct surports the 13- thats

10
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Table 5. Comparative data of +Gz of ROKAF with other countries

' | Acoelerasion +Gz tolerance
. i j rate —_—
Fype of subject | No. of subject \ (G/sec) Mean+S.D. Range
1 | |
! Piley 176 0.7 6.0
Korea ROKAF'\Non-pilot €5 ‘ 0.4 | 53102 3~7
'y

Naval aviation 1.0 5.4x0.9 3.0~-8.4
USA cadet 1,000 |
Japan | Non-pilo: ! 21 ol 8.7+0.3 | 4.1-6.0

progressive exposure to accelerztion incrnases tolerznce of it.

tn the other hand, ccncerming the tolerance of the non-nilot group which hzd no flight
exverience to the nhased positive accelerztians to vhich they were exposed, this zroup
achiaved an aver a3t tolerance of 5,34Gz+ 1,72 in a rang: of from 3 to 7 Gzy how tiis ~om-
rares to similar data developed on imerican and Japanese subjects can be seen in Table 53
in terns of Onset ratio, although there are differences, similar values wewe achieved for
all asroups, and, in terms of tolerance to rositive acceler-ticn, “here se-ms to te no dif-
ference beiween oriental 2nd occidental personnel; when one consziders increases in herrt
=2te as a fmetien of increase in +Gz, however, the grouvr whiech had a hizh toler-nee For
G-forces had low changes in heart »ate and les:s influence on their circulatory sysiens;

this squa-es with the results of our tests at 6+Gz for 30 seconds.,

Ve CCTCLULICHS

In orde~ %o understand the influences which affect the cireulatory svstem of the human
tody and it3s *olersnce %to the no-itive accelerations produced during the flisht of firhier
_aircraft, we ~onducted acceleration “light experiments using acceleration *olerance ir-ining
ecuipment (Buman Centrifuge: 2,0°0-C tyve; Tmro Cngineerin= Co,) and conira:ting 176 CK
Air Torce nilots with 89 non=nilot officer and enlisted personnel,

The experiments were conducted in thisz manner; after the subjects got on boaxd the i
gondola and oitysiological monitoring ecuipmert was connected to them, we started the machine
and, after sradually achieving Biostart at 1,564Gz, we rapniily iner-azed the acceler~iion |
to 643z and held it there for 30 seconds; this was the first method emnloyed; the second
was to increass the acceleration in stemns beginning at 3+Gz for 15 seconds and increasing

the accelerztion by 14G after each 15 second ex»osure until Black out vhenomcnon occured.
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In order to wnderstand the effects of t. ese accelerntions on the circulatory systems of the
subjects, we used a Physiogravh to measure changes in he-rt rate and got the results listed

During the exrosure to 6+Gz for 30 seconds, 9(%: of the pilots tolerated the
acceleration, tut anly 45'. of the non~pilot personnel tolerated the same exrosure;
the rest of each group exverienced Black out phenomenon during the test and

were terminated before the test pericd was completed,

When the degree of tolerance to G-forces among the pilot perzonnel was compared
to the ranks of the pilots involved, it was found that those pilots who held
the rank of captain had the highest tolerance levels,

During the course of an exposure to 6+Gz for 30 seconds it was found that the
rilot group had relatively less chan@e in their heort rates than did the non=-
vilot nersonnely moreover, the circulatory systems of the pilots were affected

less,

Over all, the non=pilot zr~up achieved an averace tolerance to positive C=forces

of 543+ 1,024Gz with a range of %“clevwnces from 3 <o T+Cz.

Over 211, when *‘he tolerances achieved b various individuals to vositive 2¢-
geiemiions wnder the conditicns of these tests were commared to chantes in
Yeart rate as accelerations were increased, it tumed sut that groups with ra2la-~
tivel:r hizher tolemances to positive accelerzzions had lower changes in heart

rate,
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= Summary -~

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

Aeromedical Research Center

Maj., Byung Kook Lee, M.D.
Cap.t., 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 evaiuate 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 sturted 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 the tolerable
high +Gz. The increase of 1 +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
+Gz with physiograph.

The results obtained were as follows.

1. The pilot group were tolerated 90% in rapid onset profile of 6 +Gz with 30 second
plateu and pon-pilot group were 45% only.



Surmary (cont.)

; 2. The high ranks of pilot group had nigher tolerance rate than lower ranks of pilct group.

3. The changes of heart rates of pilct group at 6 +Gz with 30 second plateu was relativeiy -
scaller than non-pilot in the case of tolerated group of ceutrifuge runs. It means that the
pilot group had relative little burden of +Gz on cardioviscular system.

4. The +Gz 1olerance 01 won-pilot group achived from 2nd centrifuge ... wss 5.3 4 Uzt
1.02 (Rarge 3 -7 +Gz)

5. The changes of heart r.%es of highest +Gz tolerance group at the 2nd centrifuge run
sccording to the increass of 4Gz was relatively smaller than lower +Gz group.
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