
AD/A-000 800 

ANNUAL PROGRESS REPORT, 1 JULY 1973-- 
30 JUNE 1974 

Robert W. Bailey 

Army Aeromedical Research Laboratory 
Fort Rucker, Alabama 

July 1974 

J 
■\ 

DISTRIBUTED BY: 

Matin ml Technical Infmatioe Service VWllWNN ■ wVnilllHil in IVIHNIUOTV «IVI WVvV 

U. S. DEPARTMENT OF COMMERCE 



REPORT DOCUMENTATION PAGE / READ INSTRUI ITÒNS 
'befokk rompt kting i-oRm 

1. WtCOÄT NUMSCN i. GOVT ACCESSION NO. J NECieiCNÎ-S CATALOG nUMSCR 

4. TITLi (•** SuktlfU) 

Annual Progress 
* Tr»»c op ripcht ê Pf moo covered 

Annual Progress Report 
(1 July 1971-30 June 74) 

s pcitFonaiNG one. report number 

»■ authontu 

Colonel Robert W. Bailey, MSC 

I CORIRACT OR GRANT MUMSENra) 

ï. f CaroSMISO OSGAMIZATIOS NAU : AMD AOONC&S 

US Army Aeromedlcal Kesearch laboratory 
Fort Rucker, Alabama Jn 160 

10 NRuuNAM tLLMCNI.e 1 .jll T, 1 ASK 
ARE A A MONK UNIT NUMUE MS 

II CONTAOLLINS OFl l< F N*MI AMD ADOR S U REPORT • E 

_ July 1974 
'1 NUMBER 0> AGE- 

10«? 
1« MOMITOI'INU A..EN( V NAMI t »OOI.fr.V*f <11 frrmtt (rom C .mimllln« lUI.rrl 

US Army Medical Kes. inli and Ueveiopiaent Conunaiul 
Washington, IKJ 21'114 

'*» SECURITY Cl ASÇ ( t thia r#|mrti 

i*'* (>i :lass»>'CÂii n t‘c*N MâriiNC. 
S( tiCOULf 

.kpprovo'1 lor relt.ise; Jistrilution unlimitid 

> .1 • ■ Nih jT*v>h f.T A H M» N T t 9h* •»< ’rmr t mtitrr+tf In W • k ¿0. tt ttftfrmt Ir, h.;. »rr 

tM SU^'* ♦ Mt N AM . NO ri •, 

‘ ; ! í MNIt ' 
P\|f'"'O".’ATcrp r 
'! ‘ - 4-tiarl.t'* "4 Ci'1'* 

»-.••r i» it.if •<«•>«/• • if' 

iii i.i I frn r im'i ,ri (•y 74 

• '* -»rr '"ijri.ili tl i:i>-<.1rrh ilioi.itorv 

*r r C'-Ittn-I» O0t r»vt90 «'é* It n#r mtJ I'f+ntifv hv M«r* murthme. 

'' -11 ' H'- ''•« A i my Aep'’«•dli-al Kest-.n cli l.il'.n .uory i . to n a.i.u t 
Miilio "t ' my i\ i ition and lirhnrne operation mediral prob I eins, pi.iviil« 

.■on.-iuIt.-u iM ¡ei vi o s as appropriate tu oth. i ele..s of tli. Army ; m.l 
,rri r ’■ M'l' i»" ensory physiology relating to the effei is ot visu.il 

*' >' • •'-imiili, acceleration and deceleration, and otlu-r phv- it.il 
■ t1 ■ soldi'-rs* military pe toraatii-r. 

V .«as 

DO aI -. 1473 *• * »iov ^tf»o»srLrrt $ 
I* tcueirv . i »*.si» ic»ii<»tt o» Tur. *» a-».«.. . i •• i 



ANNUAL PROGRESS REPORT 

Fiscal Year 1974 

Reports Control Synbol HED0H-288(R1) 

ARMY AVIATION MEDICINE 
3A762758A 819 00 

Reported by: 
ROBERT W. BAILEY, COL, MSC 

Commander 

30 June 1974 

U. S. ARMY AEROMEDICAL RESEARCH LABORATORY 
Fort Rucker, Alabama 36360 

Distribution Statement: "Approved for public release; distribution 
unlimited." 

iOL' 



U. S. ARMY AEROMEDICAL RESEARCH LABORATORY 

MISSION 

Conducts studies of Amy aviation and airborne operation medical problems; 

provides consultative services as appropriate to other elements of the Army; 

and performs research on sensory physiology relating to the effects of visual 

and auditory stimuli, acceleration and deceleration, and other physical 

forces on the soldiers' military performance. 
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FOREWORD 

The US Army Aeromedical Research Laboratory (USAARL), a field service 
activiti of the US Army Medical Research and Development Command, Office 
of The Surgeon General, was established in 1962 to perform medical re¬ 
search in Army aviation and airborne operations. 

USAARL, along with several other research organizations, is a tenant 
activity at the Army Aviation Center, Fort Rucker, Alabama. The con¬ 
centration of men and equipment at the Center provides assigned re¬ 
search personnel an ideal opportunity to maintain a current knowledge 
of the developments in Army aviation which affect mission accomplish¬ 
ments. A further opportunity is afforded by the cooperative research 
being accomplished by this activity and other laboratory groups such 
a« the United States Army Aviation Test Board, US Army Agency for Avia¬ 
tion Safety (USAAAVS), Human R.search Organizations and our counterparts 

in the Navy, Air Force and Federal Aviation Agency. 

The identification and investigation of problems in aviation medicine 
that are both soluble and important are this activity's goals. Problems 
presently being considered range from long-term fundamental research 
in the areas of vision, hearing loss, communications, and crash pro¬ 
tection to the more immediate problems of the environmental characteris¬ 

tics of particular aircraft. 

Considering the future, it is impossible to determine the problem areas 
which will be of most importance, but by maintaining a close relation¬ 
ship with the aviator and the active work of other research organizations 
this laboratory will continue to work upon the problems it can identify 
and provide the service that aviation has requested. 
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GENERAL DETAIL SHEET 

TITLE: Direct Field Research Support to Immediate Army Aeromedical 
Problems 

OBJECTIVE 

To provide valid, meaningful and medically pertinent information based 
on research with respect to immediate field aeromedical problem areas 
found in US Army aviation. p a.c» 

BACKGROUND. METHODOLOGY. STATUS 

Statements concerning the above for this area of research can be found 
on the following pages number 4 through 12. 

RECOMMENDATIONS 

basis reco^,ended that research in this area be funded on a continuing 



CRASH INJURY ECONOMICS 

OBJECTIVE 

This study is an economic and manpower analysis of Army aircrew injuries 
and deatns to determine their contribution to the total aircraft acci¬ 
dent cost. 

BACKGROUND 

In the usual cost assessment of a helicopter accident, only the aircraft 
is considered. The tremendous cost of emergency medical care, medical 
follow up, lorg-tenii disability benefits and/or death benefits to the 
next of kin are not considered. Dollar values become a common denom¬ 
inator between people and objects and influence managerial and policy 
decisions which will ultimately determine Army aircraft crashworthiness 
and the quality of personal orotective equipment. 

METHODOLOGY 

Using USAAAVS files, a list of US servicemen killed or injured in Army 
UH-1 type helicopter accidents has been compiled for FY's 69-73. Per¬ 
sonnel costs are determined using figures published by DCSPER in DA 
Circulars. 

STATUS 

Definitive economic analyses have been accomplished for multiple cost 
parameters. Statistical computer programs have been written and de¬ 
bugged to facilitate continuing studies in this area. It has been 
demonstrated that the human economic loss of Army helicopter accidents 
often exceeds the hardware cost. The dota from this study nave been 
used by AVSCQK to justify the Crash Resistant fuel System Retrofit 
Program, and by USAAAVS to justify the costs of crashworthiness features 
to be included in the UTTAS. 

Publication of the following: 

a. Crash Injury Economics: The Costs of Training and Maintaining 
an Army Aviator, Report No. 71-17, April 1971. 

U• Crash Injury Economics: Injury and Death Costs in Army UH-1 
Accidents in Fiscal Year 1969, Report No. 71-18 December 1971 

Data base is continually being updated. 
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LIFE SUPPORT EQUIPMENT RETRIEVAL AND ANALYSIS PROGRAM 
AND LIFE SUPPORT EQUIPMENT EXHIBIT 

OBJECTIVE 

To perform a bioengineering analysis, evaluation and injury correlation 
of life support equipment that has been subjected to the aircraft crash 
environment. To integrate hardware and material with the biological 
requirements of man and insert technical and scientific data into the 
developmental cycle that will result in product improvement and new 

design criteria. 

BACKGROUND 

Life support equipment involved in aircraft accidents is subjected to 
its ultimate test with human subjects. Until November 1971 this equip¬ 
ment was not formally being evaluated after aircraft accidents. Improve¬ 
ments in life support equipment had, therefore, been made on an empir¬ 
ical, haphazard basis. Change 3, AR 95-5, March 197k requires the 
president of an aircraft accident investigation board to send all pieces 
of life support equipment involved in either injury causation or pre¬ 
vention to USAARL for biomedical and engineering evaluation. From these 
exposures, and the uniquely valuable data resulting fron: their analysis, 
recommendations for product improvement or design criteria will be 
established on a sound basis. The data obtained could never be safely 

duplicated with human subjects. 

METHODOLOGY 

Change 3 to AR 95-5 requires the flight surgeon assigned to the accident 
investigation board to examine the life support equipment involved in 
aircraft accidents and to send items implicated in injury causation or 
prevention to USAARL. A biomedical and engineering evaluation and 
injury correlation is performed on equipment received. Data obtained is 
coded and added to information stored at USAAAVS. Pathology data from 
AFIP (JCAP) will be integrated as appropriate. Periodic statistical 
analysis of all data will be performed by USAAAVS. 

STATUS 

This is a coordinated USAARL-USAAAVS project. An exhibit of parti¬ 
cularly interesting material is being used to demonstrate the life 
support equipment role in accident prevention as an educational function 
to student flight surgeons, aviators, and safety personnel. 

5 



A system analysis approach has been devised and methods of collecting, 
interpreting, and integrating data in useful formats are being explored. 
A continuing record of damage to life support equipment will be kept to 
ascertain possible trends in equipment failure. Thii will assist in 
supplying information for future modifications. Attempts to identify 
trends are resulting in a thorough investigation of present systems ano 
equipment. 

Identification of shortcomings of the Standard A SPH-4 Helmet through 
LSERP. Research confirmation in progress. Formal IPR for product 
improvement to be called in the summer of 1974. 

Publication of the following: 

a. USAARL Laboratory Report 73-16, r'.'eliminary Evaluation of 
Portable Aviation Oxygen Systems, Jul 73. 

b. USAARL LR 74-2-3-1, Evaluation of the head Cooling System, Aug 

c. USAARL LR 74-25-3-4, Study of Lap Belt Installation in UH-1 
Armored Seat, Mar 74. 

d. USAARL LR 74-29-3-6, Crash Injury Analysis of 0V-1D, Number 
17018, Fatal Accident East of Dothan, AL, 22 Feb 74. 

e. The report of results from a head-to-head bioassay evaluation of 
numerous thermal protective garments is in final draft form. 

6 



ACQUIRED LEFT BUNDLE BRANCH BLOCK STUDY 

OBJECTIVE 

To study the natural history, epidemiology, and clinical nature of 
acquired left bundle branch block as it occurs in otherwise healthy 
flying personnel. 

BACKGROUND 

Left bundle branch block is currently disqualifying for flying duty. 
Many young and otherwise healthy aviation personnel develop this 
electrocardiographic finding without evidence of heart disease. Their 
loss from the flying environment is costly and reduces the effectiveness 
of the aviation program. 

METHODOLOGY 

The study has three phases. Phase I is a retroactive study of 65 
patients seen over a 14 year period. Phase II is a clinical evaluation 
of patients with acquired left bundle branch block with thorough testing 
and selected coronary angiography. Phase III is a long term follow up 
of all patients. 

STATUS 

Phase I - Preparation of report. 
Phase II - Report complete, study ongoing. 
Phase III - Ongoing. 

7 



MEDICAL, PHYSIOLOGIC AND HUMAN FACTORS OF LONG RANGE, 
LARGE SCALE AERIAL TROOP DEPLOYMENTS 

OBJECTIVE 

To delinéate those factors associated with transmeridian, large scale 
troop deployments that will have a degrading effect on combat units ana 
individual soldier performance, efficiency, and combat effectiveness. 
io study the identified parameters in detail and arrive at pragmatic 
operational solutions that can be implemented into existing contingency 
plans, deployment doctrine and medical operations annexes. To recommend 
implementation of solutions. 

BACKGROUND 

Current national and international policy, militiry strategy and tactics 
and aviation technology would indicate that large troop deployments of 
the future will be made by aerial means. Problems inherent in pro¬ 
tracted aerial flight among combut personnel are not known. 

METHODOLOGY 

Study selected large scale long range deployments with the intent of 
identifying environmental, psychological, physiological and operational 
pror .?m areas. 

Develop experimental protocols to study specific problem areas. 

Collate experimental results into operational recommendations. 

STATUS 

A protocol nas been developed to study the problem of sleep loss and 
time for sleep recovery. The independent variables will include but are 
not limited to exposure to altitude, environmental noise, dehydration, 
high density seating, long period of sitting without exercise and 
transmeridian translocation. Joint Army Medical Laboratory protocol to 
conect physiological, psychological and performance data during an 
operation deployment was completed and staffed at AMRDC in 1973. 
Readiness Comii ind has accepted and implemented recommendations for 
improved troop comfort and convenience during deployments. 

Publication of the following: 

a. "Travel Stress", Audio Digest. Vol 21, No. 30, Aug 73. 
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b. "When The Grand Tour is a Grind", Emergency Medicine. Vol fi. 
No. 6, Jun 74, pp 90-98. —- 
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DRUGS IN AVIATION MEDICINE 
AN INVESTIGATION OF THE EFFECTS OF ORAL CONTRACEPTIVES ON PERFORMANCE 

OBJECTIVE 

To evaluate the potential compromise or aviation safety from the side 
effects associated with the use of oral contraceptives. 

BACKGROUND 

Regulations controlling the use of drugs by the aviation population 
require strict adherence to prescribed precautions and periods of 
Grounding. The estrogens and progestins in oral contraceptives, in¬ 
cluded in these regulations, are "contraindicated only if adverse 
effects are present." A few women who use oral contraceptives may 
experience any of a wide range of undesirable side effects. Whether the 
side effects produced by oral contraceptives affects one's ability to 
perform flying duties is a question which has been largely ignored. The 
opening of the field of military aviation to women will bring into the 
services aviators who will be using oral contraceptives. It is assumed 
they will experience the same adverse reactions to their medications, 
and in the same proportions, as the general population at risk 

Pharmacutical houses admit and research studies have oemonstrated 
evidence for the association of certain adverse side effects, some 
potentially severe, with the use of oral contraceptives. Such events 
are rare, occurring in about 0.002 of users. Most women experience no 
difficulties related to the use of oral contraceptives. The question 
arises as to whether any of the minor physiological changes associated 
with the use of oral contraceptives might affect task performance. 

METHODOLOGY 

This study will utilize eight basic psychomotor task and two psycho¬ 
logical tests to measure mood and basic elements of performance. The 
investigators will extrapolate the findings to performance in the 

aviation environment. 

STATUS 

Data collection is in process. 

The number of personnel necessary to test and recura data for stuay 
participants is one-third that originally planned. Therefore the 
numoer of participants in the study at the present time is one-third the 
number required for a statistically significant analysis and the program 
will require about two or three times the originally estimated five 

months for completion. 

10 



GENERAL BIOINSTRUMENÍATION SUPPORT FUNCTION 

OBJECTIVE 

To develop, evaluate and recommend instrumentation and data trains for 
psychophysiological monitoring. To support and advise all investigators 
in data recovery and handling. 

BACKGROUND 

The day-to-day changes in technology in regards to biomedical data 
systems makes it almost impossible for the research investigator to keep 
abreast of the best tools and techniques available to him or answer 
questions such as: What is the best (or the least costly) instruments 
to monitor parameter X? Who makes monitors for Y? What systems can be 
married to record Z and produce data D? There are often considerable 
delays in projects, especially when there is a lack of investigator 
continuity while these and other questions are solved. The vast array 
of sophisticated electric*! data system require special skills for their 
application. 

METHODOLOGY 

Support and advice to all investigators in data handling and recovery. 
Collaborate on or conduct those studies or sub-studies that require 
extensive electrical engineering expertise, closed loop simulation or 
have special instrumentation requirements. Maintain computer index to 
biomedical instrumentation equipment file. Conduct statistical data 
analysis in mathematical modeling of physiologic parameters and data. 
Troubleshoot and engage in conceptual design of data trains for imple¬ 
mentation by the Electronics Branch. 

STATUS 

Development of a technique for the electronic acquisition and recording 
of dynamic electromyographic potentials of human and domestic swine 
muscle. Integration of a spectral dynamics impedance analyzer and shock 
spectrum analyzer for use in nondestructive life support equipment 
analysis in vibration experiments. Investigations of fundamental tech¬ 
niques to measure the mechanical impedance of anisometropic, visco¬ 
elastic structures, primarily in situ brain. Published USAARL LR 74-3- 
3-2, Shock Producing Device in Survival Training, Aug 73. 
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GENERAL LIFE SUPPORT EQUIPMENT FUNCTION 

OBJECTIVE 

To provide biomedical capability to managers charged with the devel- 

ofnbpnpidi?fOCUre,nenî 0f life support equipment and to pursue the goal 
of better life support equipment for the Army aircrewman!! * 

BACKGROUND 

{20) An5y n,ajor command Staff agencies are involved 
formaieh?üme!r aJd support of the Army life support equipment effort. A 

This def nf !nPÏÎ 1S n0t available t0 most of these agencies. 
This deficit has, in the past, resulted in acquisition of life supoort 
equipment with gross biomedical inadequacies. PP 

METHODOLOGY 

fipîÎnLHb^eaSt °f *urrfnt and planned develop.r,ents in the life support 
Id "d ’¡»corporates biomedical concepts at all development stages 

Decause o^th^vím Í^00 engineering and service testing, 
because of the limited manpower involved, the effort is implemented 
primarily through staff procedures. piemencea 

STATUS 

aoeíriic íí?^1 contact 15 maintained with other Army 
t'Hnir-1 Veíu th llfe support equipment and with similar organi- 
zutions in the other services and with industry. On request, represent 
The Surgeon General at IPR's, MN developments and program reviews 
ZZltÍ pepresen^ation to Navy, APSET, SAFE, and the Air Force Hfe 

Panel NATOUAGARn ,ni°urT: C?nSultant status t0 the Aerospace Medical 
Ciat nn ISwA5fRDc • ï’ ng i?nïnlttees of the Aerospace Medical Asso¬ 
ciation and the Survival and Flight Equipment Association. 
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GENERAL D' TAIL SHEET 

TITLE: Medical Research Applied to the Problems In Army Aviation 

OBJECTIVE: 

To provide the US Army information about those variables 
found in Army aviation which influence the health of the aviator. 

BACKGROUND, METHODOLOGY, STATUS: 

Statements concerning the above for this area of research 
can be found on the following pages numbered 15 through 29. 

RECOMMENDATIONS: 

It is recommended that research in this area be funded on 
a continuing basis. 
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THE AIR AMBULANCE: A STUDY OF ITS USE AND UPGRADING 
OF EQUIPMENT AND CREWS - PHASE I, II & III 

OBJECTIVE 

The purpose of evaluation is to provide continuing review of the air 
ambulance helicopter and to update the available medical equipment and 
procedures to provide the most definitive medical care at the earliest 
possible time to the patient. Special emphasis will be placed on improv¬ 
ing medical care at all levels of aeromedical evacuation. 

BACKGROUND 

Helicopter aeromedical evacuatic,» has succeeded in reducing the mortality 
in Republic of Vietnam to the lowest level of 2.3¾. Further efforts to 
improve the mortality require improved medical care in the helicopter air 
ambulance at the earliest possible time. 

Evaluation of the helicopter/medical equipment interface, as well as the 
equipment/air ambulance aidman interface will be continuous. 

METHODOLOGY 

Evaluation of medical equipment, training of air ambulance aidman, and 
changing mission concepts of aeromedical evacuation is an ongoing process. 

Evaluation of the rapid advancing technology of emergency medical care 
equipment for compatibility with helicopter operations. 

Modification of existing equipment and development of new equipment 
and procedures for improved medical care in the helicopter environment. 

STATUS 

Selected item«; of medical equipment have been procured. Specific utiliza¬ 
tion techniques and procedures are being evaluated in helicopter aeromed¬ 
ical evacuation. These items include a portable defibrillator/monitor, 
physiologic data telemetry, inflight oxygen analyzer, and portable ventilators. 

The first conference on US Army Aeromedical Evacuation was held at the US 
Army Aeromedical Research Laboratory January 15-16, 1974. This conference 
brougr.t togetner the operational user with the research/developer in an 
open forum discussion. A USAARL report review of the conference will be 
available in the near future. 
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THE EVALUATION OF PORTABLE RESUSCITATOR/VENTILATOR 
FOR USE IN AEROMEDICAL EVACUATION 

OBJECTIVE 

The requirement for a fully portable resuscitator/ventilator remains a 
primary need in helicopter aeromedical evacuation. Simplicity of operation 
and reliability under the wide range of US Army operational commitments 

impose severe design requirements. 

BACKGROUND 

NATO nations are presently utilizing the Drager Portable Ventilator. No 
data is available on its functions at altitude and extreme environmental 

conditions. 

Additional developments in portable hand-operated ventilators require 
evaluation unáer conditions of decreased pressure and temperature extremes 

prior to use in helicopter operations. 

METHODOLOGY 

Operational evaluation will be conducted in-flight and in the low pressure 
chamber facility. Evaluation of function will include pressure levels, 
inspiratory/expiratory valve function, flow, and oxygen percent delivered. 

STATUS 

Evaluation protocols are being prepared. In vitro measuring equipment is 
being assembled. Data collection will be initiated as measuring equipment 

becomes available. 
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DESIGN, DEVELOPMENT, OPERATIONAL EVALUATION AND FABRICATION 
OF THE MILITARY ANTI-SHOCK TROUSERS FOR USE BY 

PARAMEDICAL PERSONNEL IN THE TREATMENT OF SHOCK 

OBJECTIVE 

To develop a rapid, simple, and effective means of treating shock syndromes 
by paramedical personnel. 7 

BACKGROUND 

Shock may be defined as a state of circulatory collapse, frequently asso¬ 
ciated with insufficient return of blood to the heart and manifested by 
persisting deficiency of blood flow to the peripheral tissues. 

The insufficient return of blood to the heart is associated with pooling 
of blood in the venous system; as the blood pools in the venous system, 
the pulse rate increases and the arterial blood pressure decreases even¬ 
tually leading to the death of the patient unless treatment is initiated. 

Since all shock treatment takes time, an expeditious way of returning 
the pooled venous blood into the arterial circulation would benefit the 
patient and result in a reducticr. of mortality and increase survival time 
sufficiently so the patient could reach adequate medical treatment facil¬ 
ities. The simplest, most irexpensive and least time consuming treatment 
method is the principle of external counter-pressure applied to the 
abdominal area and lower extremities, ihe result of counter-pressure to 
these areas would result in decreasing venous pooling, control of abdominal 
hemorrhage (if present), and allow blood to recirculate and perfuse tissue. 
External counter-pressure to elevate blood pressure is not new. It was 
first described in 1903 by Crile and recently Cutler and Doggit reported 
S6V6rdl cdSG histories of combut cdsudltiüs whose blood pressures were 
maintained only by the addition of "G" suits to the treatment regime 
despite heroic medications and blood transfusions. 

METHODOLOGY 

The Military Anti-Shock Trouser has been fabricated in four prototype 
models baseo on number of chambers in the garment. Velcro fasteners 
provide rapid application. The counter-pressure maintains a pressure 
of approximately 0O-1OO mm Hg to tne aodomen and lower extremities 

STATUS 

Phases I and II, design and fabrication of oasic prototypes, have be'-n 
completed. The oavio Clark Company, Worcester, MA, has manufacturer the 
trousers. 

17 



Operational evaluations are being conducted by military helicopter air 
ambulance units throughout the Continental U. S. This includes both USA 
and USAF operational units providing Military Assistance to Safety and 

The Military Anti-Shock Trousers have been utilized by the Miami Fire 
Rescue Department in civilian trauma cases. The findings have demonstrated 

uwSuVln? va1ue in 36 of 53 Patients. Reports of initial series have been 
published in the Journal of Trauma 18:843-848, October 1973. A followup 
report is being prepared covering 66 patients for the JAMA. 

Additional studies of the cardiovascular/hemodynamic effects of the 
Military Anti-Shock Trousers are ongoing. Changes in core blood volume, 
blood pressure, heart rate, and peripheral resistance will be quantitated. 
Further clinical applications are being evaluated. These areas include 
the treatment of cardiogenic shock, treatment of hypotension post-abdominal 
aortic surgery, and as an adjunct in cardiovascular physical examination. 

18 



INDIRECT AND DIRECT MONITORING OF BLOOD 
PRESSURE DURING AEROMEDICAL EVACUATION 

OBJECTIVE 

Physiologic monitoring during aeromedical evacuation of critical patients 
is a primary requirement in providing intensive medical care. There is 
at present no satisfactory noninvasive technique of monitoring the para¬ 
meter of blood pressure in the helicopter noise/vibration environment. 

BACKGROUND 

The routine use of Korotkoff sound determinations for blood pressure 
measurement in a helicopter has been proven to be unsatisfactory. Appli¬ 
cation of ultrasound principles to the measurement of flow/pressure 
appears to offer the most usable device. 

METHODOLOGY 

Development of updated ultrasound device fully compatible witn the heli¬ 
copter environment is ongoing. Determination ¿nd monitoring of blood 
pressure by a sound, visual, or flow projection is to be evaluated. Accu¬ 
racy of these determinations of blood pre:sure and/or flow parameters is 

to be assessed. 

Helicopter/equipment interface as to electromagnetic radiation interfer¬ 

ence will be assessed. 

STATUS 

Available "off the shelf" ultrasound devices have been procured. In¬ 
flight testing of feasible models is ongoing. Attempts to improve an 
ultrasound device to simplify application to any portion of the vascular 
system is under evaluation. Improvements in electromagnetic interference 

shielding are under investigation. 
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EVALUATION OF OXYGEN SYSTEMS FOR USE IN ARMY AVIATION 

OBJECTIVE 

To test anti compare various presently available oxygen systems for use in 
the helicopter operations. 

BACKGROUND 

At present, there are no oxygen systems tested for helicopter usage. Air¬ 
craft based at high altitude must exceed the 10,000 ft. ceiling imposed by 
military regulation in the performance of their duties. The Air Force has 
required oxygen from the ground up at night for 20 years due to the night 
vision impairment produced by even slight oxygen tension decrease. Decreased 
peripheral fields are the first physiologic impairment produced by .educed 
oxygen tension. In the helicopter flight envelope of confined area oper¬ 
ation, this represents a significant hazard. The lack of oxygen on board 
also prevents its therapeutic use in evacuation of wounded. 

METHODOLOGY 

Four major oxygen system types were tested: low pressure (450psig), high 
pressure (IBOOpsig), LOX, and chlorate candle generators, at altitudes 
from sea level to 20,000 feet. Regulators were evaluated from 0 to 40,000 
feet. The systems were required to deliver crew oxygen for seven men for 
three hours and have a therapeutic delivery capability. Physiologic oxygen 
tensions were measured and compared to determine regulator economy and 
efficiency. 

STATUS 

The initial investigation concerning selection of an oxygen system has 
been completed as USAARL Report 73-16, "Preliminary Evaluation of Portable 
Aviation Oxygen Systems." It was the conclusion of this report that the 
A2/23S-1 chlorate candle system best met tne requirements for helicopter 
usage. Modifications were recommended. Seven systems are in procurement 
at present. 

Future research efforts will concentrate on reduction in operational costs 
oy repackaging the candles witn reusable housings and modularization to 
decrease space requirements. Tnis effort includes procurement of improved 
design systems for operational test. 
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HASS SPECTROSCOPIC ANALYSIS OF A2/23S-1 
CHLORATE CANDLE OXYGEN 

OBJECTIVE 

To identify and quantitate trace contaminants produced bv A2/23S-1 
chlorate candles. 

BACKGROUND 

The possibility of accumulator tank toxic residues due to trace gases in 
chlorate generated oxygen had not been previously evaluated through 
repetitive candle firing. Although military standards have been set for 
tne system, only the manufacturer had performed quality testing. This 
study was undertaken to identify and quantitate trace contaminants in 
chlorate candle generated aviator and emergency medical oxygen supplier. 

METHODOLOGY 

Twelve chlorate candles were sampled at the candle outlet and at the 
accumulator outlet. Flow was set at 20/1iters/min and the mass spectro¬ 
meter was set for resolution of 5000, range 0-000 m/e initially, 0-300 m/e 
during tests and scan time of 2 sec for 500 scans. Sample was drawn 
into the MS directly on a continuous basis through a teflon canillarv 
sampling tube. 3 

STATUS 

The initial study project *:s complete at this time. Complete results 
will be published as a lat report FY 75. Data summary on processed 
results is as follows: 

a. Average ignition time 7.5 min, average output 257 liters. 

b. At 800 ms - 2 sec into the burn there is a peak of chlorine 
(Cl2 and CO probably due to high rapid heats in the ignition cone 
Samples: 

C02 (manifold) = 290pnm 

CO (manifold) = 8.40pom at 1 sec 

Chlorine (C^^) (manifolc) = C.8ppm at 1 sec 

C02 (accumulator) = 39ppm 

oû (accumulator) = 27ppb max 

Cl2 (accumulator) = 7ppb max 
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c. Total hydrocarbons were very low, 1 X 10"9 M C6 - C7 maximum. 
Major constituent appears to be a C6 fragment with a methyl or/and 
ethyl side chain at C, - C(4. 

d. Solvents: acetone, probably used in cleaning metal containers, 
found in 7 of the 12 candles at the 7 X KT10 M level max. Alcohol 
was present in ID of 12 candles at the 6 X 10 8 M level max. Benzene 
present in one candle at 4.8 X IO’10 M level max. Tolulene present in 
three candles at the 3 X 10"9 M level max. 

e. Accumulator washout after 12 candles (2 full banks) showed only 
trace amounts of contaminants. Monitoring of candles manufactured will 
be continued under a quality control project. 
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EFFECT OF OXYGEN ON NETINAL FUNCTION 

OBJECTIVE 

To study the effects of slight increases in ambient oxygen tensions on 
retinal lactate dehydrogenase. 

METHODOLOGY 

The experimental animals used in this study will be four month old female 
mice. The first part of the study will consist of in vitro exposures of 
retinal homogenates to elevated oxygen tensions. In the second part of 
the study the animals will be exposed directly to high oxygen tensions. 
Retinal lactate dehydrogenase activity will be assayed according to the 
method of Worthington (Worthington Biochemical Corp., Freehold, NJ). The 
measurements will be made at a wavelength of 340 millimicrons by record¬ 
ing the change in absorbancy produced by the conversion of NADH^ to NAD. 

BACKGROUND 

The retina is the most sensitive tissue in the body to elevated oxygen 
tensions. It is currently believed that oxygen exerts its toxic effect 
directly on retinal metabolism. The metabolic changes eventually lead 
to disturbance of cellular function sufficiently great to produce the 
symptoms of oxygen toxicity which are manifested through blurred vision 
as well as a narrowing of the visual field. 

Numerous enzymes of the tricarboxylic acid cycle containing sulfhydryl 
groups have been shown to be reversibly inhibited on exposure to oxygen. 
The mechanism of this inhibition is believed to be an oxygen induced 
formation of disulfide bridges resulting in enzyme inactivation. At the 
present time the effect of elevated oxygen tensions on sulfhydryl contain¬ 
ing glycolytic enzymes is not known. 

STATUS 

Currently lactate dehydrogenase activity from the mouse liver is being 
quantitated in order to determine the sensitivity of the assay as well 
as suitable enzyme concentrations for tne assay. Lactate dehydrogenase 
activity from the mouse brain is also being measured so that the sensi¬ 
tivity of two neural tissues, the brain and the retina, to oxygen can 
be compared. The results of this study will be published in the outside 
literature and in a USAARL report. 
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CHANGES IN PLASMA PHOSPHOLIPID CONCENTRATIONS 
RESULTING FROM CUMULATIVE FATIGUE 

OBJECTIVE 

To deterimine if changes in specific plasma phospholipids can be used 
successfully on a routine basis to predict fatigue buildup in Army 
aviators. 

BACKGROUND 

Previous work by Polis, et. al., has shown that the level of specific 
plasma phospholipids (phosphatidyl glycerol, phosphatidyl ethanolamine, 
and phosphatidic acid) increases during the periods of physical and emo¬ 
tional stress. The phosphatidyl glycerol concentration increases independ¬ 
ently of the type of stress, while changes in the other phospholipids are 
dependent on the type of stress to which the individual is exposed. In 
order for the measurement of plasma phospholipids to be a useful tool in 
Army aviation medicine, the technique of measurement must be simplified 
considerably and the changes in phospholipid concentration must be shown 
to correlate with pilot performance. 

METHODOLOGY 

The method of phospholipid analysis used by Polis, et. al., involved 
extraction, hydrolysis, separation by paper chromatography and electro¬ 
phoresis followed by manual determination of phosphorus for phospholipid 
quantitation. The method that has been used in this laboratory eliminates 
the hydrolysis step, replaces paper chromatography and electrophoresis by 
thin layer chromatography (Silica Gel H), and automates the phosphorus 
determinations using the Technicon Autoanalyzer. 

STATUS 

The Technicon Autoanalyzer has been modified by the addition of a more 
sensitive colorimeter. It is now oossible to measure on a routine basis 
phosphorus concentrations of less than 15 nanograms. Various types of 
TLC sorbents have been evaluated. A precoated Silica Gel H plate manu¬ 
factured by Analtech, Inc., provides the best separation of the phos¬ 
pholipids present in blood plasma. 

The use of TEAE cellulose column chromatography was necessary to 
separate the more abundant phosphatidyl choline and sphingomyelin from 
the more stress responsive acidic phospholipids. The time required for 
this added procedure, as well as the high degree of technical skill 
required for reproducible measurements makes this technique undesirable 
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P?!!!618“5® of hi9h performance liquid chroma¬ 
tography (HPLC) will be examined. There Is little doubt that HPLC has th* 
capability of separating plasma phospholipids. Its greatest deficiency 

ÏShÏÎmJÎ the se?sitívity ?nd stability of detection systems that !ie* 
available for use In phospholipid detection. ^ 
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COMPUTER ASSISTED MASS SPECTROMETRIC ANALYSIS 
FOR STRESS RELATED BIOCHEMICAL INDICATORS 

OBJECTIVE 

To evaluate a wide variety of compounds using computer assisted mass spec¬ 
trometry to survey blood scrum and urine for stress related biochemical 
changes. 

BACKGROUND 

Present studies of stress related metabolic changes have a serious draw¬ 
back in only allowing quantitation of suspect stress indicators with¬ 
out surveying for possible unknown indicators. Capillary GC has allowed 
other investigators to separate about 400 urinary components. Capillary 
GC-MS in conjunction with computer analysis will allow identification and 
quantitation of all separable urinary components and direct comparisons 
with control urines or plasmas. 

METHODOLOGY 

Preliminary scans will be run directly by capillary GC-MS or thermal 
vaporization programming with both urine and plasma. If the complexity 
of separation precludes direct analysis, only dialysis will be used 
initially to fractionate the specimen. This prevents molecular fracture 
prior to MS analysis; a condition which greatly complicates mass spectral 
interpretation. 

STATUS 

USAARL has purchased JMSD100 double focusing, Matsuda geometry, high 
resolution mass spectrometer (demonstrated resolution ^20,000) and 
a HP 5711A gas chromatograph capable of handling 100 meter 2mm capillary 
columns. Problems have been encountered with the GC itself due to 
faulty column packing. The thermal probe allows pronramming from -100 
to 400°C at any rate. Three channel, multiple mass monitoring is also 
system incorporated. The data system is a Texas Instrument 980A with 
733 ASR terminal and CRT display. All portions of the system have been 
successfully integrated for low resolution (-5000) high speed (>2 sec/ 
0-800 amu) and high resolution low speed ( -60 sec/0-R00 amu) scanning. 
Software under development will allow elemental composition calculation 
with very low resolution (-2000) and short scan times (-20 sec/0-800 amu). 
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CHANGES IN URINARY ORTHO-HYDROXY-HIPPURIC ACID (OHH) 
DURING CUMULATIVE STRESS 

OBJECTIVE 

To evaluate the usefulness of OHH as a possible indicator of cumulative 

stress. 

BACKGROUND 

There are no present means of objectively determining stress leveU. In 
Army aviation the problem is acute as slight impairment of judgment due 
to physiological or psychological stress may result in loss of life. This 
testing is to evaluate a metabolite found in urine which has been shown by 
Naval investigators to increase during traumatic injury. OHH may provide 
an indicator of physiological, psychological, or cumulative fatigue. 

METHODOLOGY 

Preservation of urine specimens by vacumn drying has proven critical as an 
increase in temperature over 35°C during drying results in a fluorescence 
shift. (Drying is only necessary if analysis cannot be performed immediately.) 
20 ml of acidified urine is extracted 3X with 2 vol of chloroform. The upper 
phase is re-extracted 3X with 3 vol of 2:1 heptane : isobutanol and the upper 
phase is taken to dryness by vacumn distillation below 35°C. The residue is 
extracted with methanol and analyzed with an Aminco Ratio Spectrophot^flori- 
meter at 428 nm emission and scanned excitation. A series of serial dilutions 
from 10:1 to 170:1 were used to prevent opacity interference. 

STATUS 

The following problems were encountered in the extraction procedures: 

(1) Vacumn distillation of the heptane extract at temperatures above 
355C results in a spectral shift from 306 nm excitation to a peak in the 

310-360 nm region. 

(2) An interfering urine component recovered in the extraction pro¬ 
duces a peak at 354-360 nm excitation. This fairly broad peak, as yet 
unidentified, masks or completely occludes any OHH peak which has moved 

due to urinary interference or thermal shifting. 

(3) Subjects from high and low level navigation flights, as well 
as schizophrenic patients from VA hospitals, have been tested and thus 
far only two individuals have demonstrated OHH production. Further, 
little correlation can oe shown between their stressor activities and OHH 

levels. 
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BIOCHEMICAL CHANGES IN PLASMA RESULTING FROM CUMULATIVE FATIQUE 

OBJECTIVE 

To determine the usefulness of a number of plasma and urine chemical 
measurements for the prediction of excessive fatigue in Army aviators. 

BACKGROUND 

?üethl ar®a^of "«dical research in the Armed Forces 
is the effect of cumulative fatigue on a man's ability to perform his 

have a specke problem of determining 
the ^AVhiCh a P1-01 s coordination and judgement are impaired to 

?f co,nPro,nisl,19 safety. This laboratory is presently involved 
in a search for changes in body constituents that can be used as bio- 
chemica! indicators of stress buildup, i.e., an objective indicator of 

METHODOLOGY 

The creatinine phosphokinase (CPK), lactic dehydrogenase (LDH), cholesterol 
"caci( content of blood plasma is being measured by the use of the 

? Ä SyStT‘ Plasma 1actic ^ is being measured b^the 
co?H,nï Ï1C proc^ure “Sing the Cary 14 spectrophotometer. Plasma 

7'hydro!iycorticosterone) is bein9 measured by a sensitive pro¬ 
tein binding procedure. Urinary catecholamines (epinephrine and nor¬ 
epinephrine) are determined by the trihydroxyindol reaction. 

STATUS 

IîrwBÎÂmiCSi •"i16?1 Syst? was evaluated and found comparable in accu- 
nC -niCîi Pro^edures- The portion of the catecholamine 

procedure following the column separation has been automated. 

Preliminary experimentation with human subjects and laboratory animals 
has given the following results. Stress-susceptible pigs had higher CPK 

H¿ia" !;5tlC aCldJeyel? than stress resistant strains. A comparison’ 
of blood and urine chemical levels in helicopter pilots under different 
types of flight conditions showed that nap-of-the-earth (NOE) flight 
resulted in higher serum uric acid, lactic acid, LDH, CPK and urinary 
catecho amines than normal local area flight (1,000 feet AGL). Preflight 
líThíÍÜ Mnrd Uü ?aryiCateCh0laniine were hi9her than post-flight samples 
in both NOE and local area flight profiles. The urinary catecholamine 
!nnelL?í !-ud?nt Paracbutists were monitored prior to, during and follow- 
Hnn^rLii St JUmE‘ Th®re WaS an increase in total catecholamine excre- 
the jump peH^d 3 " the norePinePhrine t0 epinephrine ratio during 
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GENERAL DETAIL SHEET 

TITLE: Research of Visual Problems Medically Significant to Army 
Aviation 

OBJECTIVE: 

To provide Information about the visual sensory modality which has 
medical importance for US Army aviation. 

BACKGROUND, METHODOLOGY, STATUS: 

Statements concerning the above for this area of research can be 
found on the following pages numbered 32 through 44. 

RECOMMENDATIONS: 

It Is recommended that research In this area be funded on a con¬ 
tinuing basis. 
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COLOR VISION TESTING 

OBJECTIVE 

The objective of this joint investigation with the Fort Rucker Aeromedical 
Activity is to correlate the results of laboratory color vision tests with 
in-flight color vision testing. 

BACKGROUND 

There has always been a small percentage of aviator trainee applicants, 
deficient in color vision, who complete their pre-flight physicals 
undetected. The defect is then found, usually on an annual physical, 
but only after extensive flight training has been completed. The 
Aeromedical Activity personnel must then decide if the deficiency is severe 
enough to ground the individual or if he may be granted a waiver. The 
aviator is currently required to pass a field test consisting of colored 
smoke and colored light signals. If he passes, he is granted a waiver and 
continues flying. 

METHODOLOGY 

The patients are given six color vision tests including: the American 
Optical, Hardy, Rand and Rittler (AO/HRR); Dvorine pseudoisochromatic 
plates; Nagel anomaloscope; color threshold tester (CTT); the Farnsworth 
lantern (FALANT); and the new Lovibond Colour Vision Analyzer. The results 
of each test are correlated with the individual's performance during the 
field study. 

STATUS 

A preliminary report was given at the Aerospace Medical Association Meeting. 
A final report will be published when a sufficient number of subjects have 
been seen. 
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OBJECTIVES 

VISION SURVEYS 

.. J-1 is t(> obtain cross sectional data of several 
üüïï1 par®m®ters of u-s- Army personnel. A second objective is to 
develop a data bank of longitudinal visual changes on Army aviators. 

BACKGROUND 

The laboratory has been a iked to provide refractive ocular motilitw 
and other limitations for use in designing ArmJ oïticaî Mui^nl To 

erroís andreheíeronShoÍÍ«!VaÍlable 0n the Army Population,s refraciive 

We are also interested in determining 
unusual effects on the visual system, 
exams, these data can be extracted on 
and the changes noted. 

if the aviation environment produces 
Since aviators take annual physical 

the same individual year after year 

METHODOLOGY 

0pt0TOtrrclinicsti0îî,hLtU2»naH,U-StiSn;a1re wnl be sent t0 311 Hnn , ?as 5een desi9ned for ease and rapidity of comole- 
mr, for d,rKt ~rp,e 
I5iator9nîücirîî StUd^ currently consists of extracting data from the 
faciín rSh íil eXaminatl°- ?orms* However* with the computer inter- 

data Sin^ ^còrpoíateTo^!^“1^"* S00,’ beC°m,n9 avai,ab,e- tbe 

STATUS 

Coordination with the Army Optometrie Consultant to 
nas been completed and requests for the clinics are 

the Surgeon General 
being prepared. 
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NOCTURNAL MYOPIA AMONG AVIATORS 

OBJECTIVE 

The objective of this study is to determine the prevalence and magnitude 
of nocturnal myopia among an aviator population and to develop a pro¬ 
cedure by which nocturnal myopia can be measured clinically. 

BACKGROUND 

The phenomenon of nocturnal myopia, an apparent increase in the refractive 
power of the eye resulting in a myopic condition under dim illumination, 
has been well documented for many years. Unfortunately, the results of the 
many studies relating to nocturnal myopia have not been in agreement so 
there is still no generally accepted explanation of the underlying cause(s) 
of the phenomenon. Although there is much individual variation, the 
magnitude of nocturnal myopia reportedly ranges between 0.50 and 3.00 
diopters. 

Of practical significance to the military aviator is the considerable 
deterioration in visual acuity caused by the myopic shift in refractive 
power. Since night aviation operations are becoming increasingly 
amphasized, the refractive posture of the eye in reduced light levels becomes 
an important consideration. Previous studies have sought to determine 
the underlying cause(s) and have not yielded an acceptable technique for 
routinely measuring nocturnal myopia in a clinical mileau. 

METHODOLOGY 

This investigation will utilize a laser refraction technique which has 
been developed and used with some success to replace more conventional 
refraction techniques. Since it is felt that the aviator population is 
a visually exceptional group, and therefore might demonstrate a magni¬ 
tude of nocturnal myopia different from that reported on more general 
subject groups, all observers will be rated aviators. 

STATUS 

This project has been temporarily suspended due to the transfer of the 
principal investigator. To date, twenty-eight (28) rated aviators have 
been examined utilizing the laser refraction technique. The preliminary 
results are promising,and the project will be resumed when personnel 
availability allows. 
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STEREOPSIS AND DEPTH PERCEPTION 
TESTING and standard, in army avm?ion 

OBJECTIVE 

instrument trnelsu^centraí’stereSpsís cllnica1îy 
uponperipheral retinal stimulation a"d^spat,al orientation based 
exposure duration and retinal Ltnan^ ?etermine if the parameters of 
effect on depth perception within an aJiato?Vsuhipr?nif1C?nt!y differential 
these latter parameters are founH Jv,ator subject population. If 
different aviators, acceptance hJ3hiy variab]e effect among 
those aviators who possibly should be restricted f estab1ished to identify 
conditions. y °e restncted from flying under certain 

BACKGROUND 

methodsSQf testing^tereoDsl^^005 have dJmonstrated that the present 
deficiencies to yield spurious datriimuîna’theR haVe suffici‘ent 
Several technical reports have indicated that^ va ]dlty of their results, 
probably more important than judqer^ts based Zn'clf' CUeS f°r depth are 
aviator. No method is now aviilahie • pon stereopsis for the 
tior, based upon peripbers: re'-.jnaMnfSr™??^^ '’r’f0''5; 5PatiaI orienta- 
indicated that depth perceotion ILln , l ■ Informal reports have 
mesopic luminance conditions Yet terhnio°rS fS highly variahle durinq 
illuminance effects are no! available 9 ' f°r evaluati"9 retinal 

methodology 

Psychophysical information will be nht-ainßH c 
Stereopsis and spatial orientât inn Jaine^.fror" aviator subjects. 

specially-oesigneu alignment arid TOasur^n )0".“'1 b" obta'ril“'! from 
viewing conditions. controHed re«naï niu^L 
observation periods. Additional J cnii ■ ï levels’ and various 

eocn subject for inclusIo^rtíe^XírrCSati!’ be reCOrded fr()m 

STAi US 

!ne ‘ixperiiiiertaI liesifjn has been 
instruments is almost completed. completed, and construction of the 

neta acquisition will begin very soon 



aircraft conspicuity 

OBJECTIVE 

The objective of this ihve^ation is ^¿“t^rroto^and propeller * 
blades^an^t^incree^ãir-to-air^visibilit, to redoce »id-air colüsions. 

BACKGROUND 

Aircraft conspicuity is a" ÍKIÍs"^ope-ations" ’ourînB theUpast several 

methodology 

Following laboratory pilot investigations, ^^^udies - conducted to 
evaluate technicues for .mprov ng aircraft consp^cu y t s 

Ä^srtyTkgi"tr 

STATUS 

Based upon »inor edifications of the USAARL studies, 
paint scheme for propellers and roto Aviation Systems Comnand 
international standardization U.S. Army Action y ^ ^ 
nas Dublished proposed changes to TB 74b-yj-r to '"'•“'H” 
painting schenk based upon USAARL recommendations. 

A major purchase effort is ^ing made by the U.^^rmy^viation^ystems 

Command to equip all Army aireraft wit ievelsyfor anticollision system -^eh will prov de sep r te^aye^nd.nightsleve and 

- Aircraft J.i-col 1 i^o" faco^System.^inh^Intensuy^ i, ^ 

for^bein^thè^photoínetric qualifying laboratory for competing prototype 

systems. 
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SOFT (HYDROPHILIC) CONTACT LENSES IN U.S. ARMY AVIATION 

OBJECTIVE 

The objective of this study was to evaluate the efficacy of fitting 
one type of hydrophilic contact lens to be worn by personnel working 
in an aviation environment. 

BACKGROUND 

The advantages of contact lenses in lieu of regular spectacles in the 
military environment are numerous, particularly in aviation. If an 
adequate contact lens could be found, aviators requiring corrective 
lenses would benefit in such ways as: improved visual performance in 
inclement weather, elimination of interfering spectacle reflections, 
improved performance when using optical equipment such as sighting 
devices, instant compatibility with gas mask, increased visual field, 
improved visual acuity in specific cases, improved acoustic protection 
and increased comfort with the elimination of spectacle temples when 
wearing a helmet. 

Unfortunately, the use of standard PMMA or "hard" contact lenses has 
been relatively unsuccessful in the military aviation environment, 
particularly when worn by personnel flying rotary-wing aircraft. The more 
recently developed hydrophilic lens reportedly obviates some of the prob- 
blems experienced with the "hard" lens. However, previous investigations 
have been restricted to controlled civilian environments, and no data 
have been available from personnel wearing the soft lenses in an aviation 
environment. 

This investigation evaluated the physiological and environmental dif¬ 
ferences of the soft contact lens compared to the known unacceptable 
features of the "hard" lens. 

METHODOLOGY 

This study was designed specifically to provide information in three 
areas and was thus divided into three phases. Phase I dealt with the 
clinical aspects of the lenses. Phase II was concerned with the incidence 
of foreign body involvement, since this is considered to be a prime 
factor contraindicating the use of "hard" contact lenses in aviation. 
Phase III was designed to provide information about continuous wear for 
an extended period. The rationale for this portion of the investigation 
lies i.i the missi m requirements frequently encountered in a combat 
situation. Due to these requirements, the aviator is often unable to 
achieve sufficient rest which can have an adverse affect on the wearing 
of "hard" lenses. The time frame defining extended operations is based 
upon physiological and psychological limits of the individual. It is 
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assumed that If the lenses can be worn continuously with reasonable 
comfort for a 72-hour period, they adequately fulfill the operational 
requlrament. 

Nineteen U.S. Army rotary-wing aviators were selected to be fitted with 
the hydrophilic lenses. Each was required to fly a minimum of fifteen 
hours per month. Standard fitting techniques and clinical examination 
procedures were used to evaluate the lenses and tne eyes. The subjects 
were carefully instructed on the care of the lenses and the specific 
wearing schedule to follow. Each ;ubject returned to the Laboratory at 
pre-determined times to be examined ond to complete a questionnaire. 

STATUS 

The results of this study have been published in USAARL Report NO. 74-10. 
The hydrophilic lens offered some advantages over conventional PMMA lenses 
for the specialized application in an aviation environment. However, there 
were distinct problems encountered which may be lessened with the introduction 
of new lens materials and asepticizing techniques. 

At the time of this investigation, the Food and Drug Administration had 
only approved one hydrophilic lens. Recently, however, another lens 
material has been approved, and it is anticipated that many more will 
be released for use in the immediate future. Because of the possible 
significant advantages of utilizing hydrophilic lenses to correct ametropia, 
additional studies of similar design will pe conducted as these new lens 
materials become available. 
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night VISION GOGGLE (AN/PVS-5) 

OBJECTIVES 

1. A phenomenon entitled "brown eye syndrome" had been reported fol¬ 
lowing use of the night vision goggle (NVG). One objective was to 
provide an explanation for this and to measure its effect, if any, on 

color vision. 

2 A second objective was to quantify the reduction in the level of 
dark adaptation following use of the NVG and to measure recovery time to 
the dark adapted state following removal of the NVG. 

3. A third objective was to correlate pilot performance with known 
amounts of moonlight and starlight and to determine the light level 
below which the goggles would not be effective for aviation use. 

4. Another objective was to more accurately determine the size of the 
bifocal segment, if any, needed in the NVG for maximum pilot performance 

at distance and near. 

BACKGROUND 

1 A flight surgeon at Ft Knox, KY received a report from two aviators 
that, following removal of the NVG, a brown afterimage persisted and 
they were concerned as to the permanency of this phenciienon and its 
effect upon their color vision. 

2 The question was raised by the Low Level Night Operations Committee 
as to a pilot's capability to see at night if he was suddenly required 
to remove the NVG. The LLNO group requested our laboratory to evaluate 
same. 

3. There were very little hard data in existence as to how much a pilot's 
performance was improved and at what light levels with the NVG. The 
laboratory, at the request of the Low Level Night Operations Committee, 
undertook the task of this performance evaluation. 

METHODOLOGY 

1 Five subjects used the NVG for periods of 30 minutes to one hour to 
insure their adaptation to the light emitted by the goggles. The subjects 
were then given three laboratory color vision tests and the results com¬ 
pared with their performance prior to wearing the NVG. There was no 
change in any of the subjects' performance following wearing the NVG. 
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The color of the afterimage was explained through known physiological 
optics principles as being the compliment of the green color of the NVG 
emitted light. 

2. Six subjects' dark adaptation curves were plotted to threshold by 
use of the Goldmann-Weekers dark adaptometer. They then wore the NVG for 
5 minutes and the curves replotted to threshold. 

3. Photometric measurements were made at several moon phases and at 
several moon angles relative to the horizon. Pilot performance was 
recorded simultaneously using the helicopter instrumented monitoring 
system (HIMS). 

4. A 40 degree field simulator was made and various bifocal segment heights 
were tested statically to determine instrument panel visibility and 
exterior viewing capability. A 20 percent segment of the executive style 
(covers the entire width of the NVG tube) was recommended for inflight 
study and is currently being manufactured. 
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STABILIZED VIEWING DEVICES 

OBJECTIVE 

This is a joint Army-Navy investigation with a twofold objective. The 
first is to investigate reports of motion sickness while using the XM-76 
monocular, gyrostabilized viewing device. We also are interested in 
establishing an experimental procedure to evaluate any viewing device 
designed for use in the air. 

BACKGROUND 

The U.S. Marine Corps r lorted that aviators were becoming motion sick 
while using the XM-76 in the 0V-10 Bronco. The Naval Aeromedical Research 
Laboratory brought this out at a joint Army/Navy meeting. 

The Army's scout helicopter scenario calls for increasing distances for 
target acquisition. This mission cannot be accomplished without 
magnification of the object. However, viewing a magnified object from a 
vibrating helicopter greatly degrades the image. Stabilization is re¬ 
quired to obtain a usable image. 

METHODOLOGY 

A total of twenty-four observers, in groups of six, will be required to 
view a series of high contrast Landolt rings in each of three con¬ 
figurations. The targets are viewed first with the ^«¡ed eye then, 
on successive davs, with a stabilized and an unstabil!zed XM-76. The 
order of the last two configurations is varied between subjects. Each 
observer is given five passes at the targets on a given day. Two Paj¡ses 
are flown straight in, two are pop-up rruneuvers, and one consits of S 
turns. The orientations of the Landolt rings are changed after each pass. 

Each run is begun 8 to 9KM from the targets. The helicopter is flown 
within a radio-radio range which provides continuous location information. 

The subjects are rated prior to, during, and following each flight. In 
addition they self rate with questionnaires following the flights. 

Upon completion of the field series, each group is taken to the Naval 
Aeromedical Research Laboratory at Pensacola, Florida. They are 
accompanied by a USAARL optometrist, who determines visual acuities, 
refractive errors and visual history. They are then given a senes 
tests by the NAMRL investigators in order to determine their susceptibility 

to motion sickness. 
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STATUS 

Eighteen of the twenty-four subjects have completed the testing. The 
final results will be published in a Joint Army/Navy Report. 
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REDUCTION OF UNDESIRABLE LIGHT REFLECTIONS 
WITHIN THE CREWSTATIONS OF ARMY AIRCRAFT 

OBJECTIVE 

To reduce the amount of light reflected internally from the windscreens 
of Army aircraft. These reflections are, at best, annoying and under 
certain conditions can considerably impair a pilot's performance. 

BACKGROUND 

Light reflected internally from the windscreen comes from external 
sources as well as from functional and non-functional portions of the 
crewstation itself. For example, in the LOH-58 light from external 
sources below the aircraft comes through the chinbubble and is reflected 
Internally from the windscreen. Unwanted illumination from the top 
of the instrument panel onto the windscreen is especially annoying 
in this model of aircraft and is an example of unwanted illumination 
from a non-functional part of the crewstation. Previous work in this 
area performed by the Land Warfare Laboratory as well as USAARL has 
Indicated the efficacy of Nextel^ Velvet Coating, black, 101-C10 as 
a means of reducing illumination of the windscreen. Also, work at 
the Land Warfare Laboratory has indicated the non-efficacy of anti- 
reflection coatings as a means of reducing reflections, at least 
when dealing with external reflections. 

It is anticipated that this study will be the beginning of a long-term 
project in which what is learned on the aircraft used in this study 
will later be applied to all Army aircraft. 

METHODOLOGY 

This study will progress in the following order: 

1. A laboratory evaluation will be made of the reflectance of 
several paints and/or coating products including that presently used 
on the non-functional surfaces of most aircrew stations. Reflectance 
will be measured at angles of 0, 15, 30, 45, 60, and 75 degrees. 

2. Small portions of the aircraft interior will be coated with a 
low reflectance substance and any reduction in reflection from the 
part of the windscreen will be measured. This will be accomplished by 
photographing the relevant portion of the windscreen before and after 
the application of the low reflectance material and then measuring the 
difference by densitometry. 
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i«- !:*iTh! entire ^stations of the LOH-58 and UH-1 will be changed to 
rpfilrt!ünta?i? Sonf13ur;î1^ and the amount of reduction of unwanted 

b®.estab]jshe<J by photography and subsequent denslto- 

oTthis Srobîemrati<>n Wl 66 9ÍV6n t0 b°th daytime and ni9htt1me aspects 

STATUS 

Phase 1 has been completed and Phase 2 Is In progress. 
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GENERAL DETAIL SHEET 

TITLE: Research of Psychoacoustical Problems Medically Significant to 

Army Aviation 

OBJECTIVE: 

To provide information about sound which has medical Importance to 

US Army aviation. 

BACKGROUND, METHODOLOGY, STATUS: 

Statements concerning the above for this area of research can be 

found on the following pages numbered 47 through 53. 

RECOMMENDATIONS: 

It i* recommended that research in this area be funded on a continu¬ 

ing basis. 
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EFFECTS OF DISTORTION IN MILITARY COMMUNICATION SYSTEMS 

OBJECTIVE 

The purpose of this investigation is to study the effects of the following 
three important variables: 

a. Type of microphone 

b. Environmental noise level 

c. Distortion on the intelligibility of military comnunication systems. 

Objectively, an attempt will be made to show the theoretical limits comnuni- 
eating in noise with idealized systems, to estimate the relative efficiency 
of present systems and to make recommendations on methods to improve the 
present systems. The hypothesis of this project is that systems with low 
distortion are the most suitable for comnunicating in thick noise levels. 

BACKGROUND 

During the early development of telephone communication systems. Bell Labora¬ 
tories did extensive basic research concerned with the investigation of speech 
intelligibility parameters. The results of this research have shown that the 
process of communicating with speech is complex. Volumes have been published 
on the analyses of speech. The complex analyses have not yielded simple basic 
constitutents that a layman may easily synthesize for practical application. 
It was only through close coordination of scientists in the field of psycho¬ 
physics and engineers who designed the communication systems that the Bell 
Telephone achieved its successful application of the results of their basic 
research. The present networks of the telephone cables which transmit relia¬ 
ble messages around the world is a manifestation of the success. 

The development of radio and intercommunication systems in military and 
coirmercial aircraft has not had the same degree of success. It is difficult 
to state the precise reasons for the arrested progress of the military 
applications. This project is proposed as an attempt to probe some of the 
causes of the present inefficient systems. 

The principal investigator has had training and research experience in the 
field of speech communication. From 1952 to 1957 he was associated with the 
Ohio State Research Foundation conducting research concerned with investigat¬ 
ing parameters of speech communication in noise. The most significant 
contribution was the publication entitled, "Perception of Multiple-Choice 
intelligibility Items in the Presence of Simulated Proptiler-Type Aircraft 
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Noise. ‘ This was a long-term empirical study of miltiple-choice words as a 
tool for expedient measurements in research applications. Close approxima¬ 
tion of the functions was determined to be a system of Poisson equations. 

Articulation indices have been computed by Bell Laboratories. Most of the 
res®arch of.the analysis of speech may be found in Speech and Hearino. 

1929, by Harvey Fletcher -* 

METHODOLOGY 

Three types of microphones will be used. An omnidirectional condenser 
microphone, a military type noise cancelling dynamic lip microphone, and an 
inertial contact transducer, to be placed on the head of the speakers will 
serve as transducers for picking up speech of talkers. Each of these’micro¬ 
phones will be fed into systems of low distortion and recorded. 

Each talker will be fitted with the three microphones for simultaneous 
h!CcnniI^ 0V1SÎS 0f Ph?netically balanced (PB) words. A list of words will 
be spoken under four environmental conditions. The talkers will speak under 
a condition of quiet and three levels of ambient white noise. The sound 

eVD 5 °!-the r2ise wi11 be 100 dB* 110 dB and 120 dB (re 0.0002 
oyne/cm ) Recordings of simultaneous pickups from each of the three m'rro- 
thenwnr31 p:esenîedt0 üsteners who will be instructed to write down 

e words. Samples of listeners will be divided into six groups. Each of 
t ree groups will listen to one of the three microphones with amplification 

wiîl1hp0îSf°Îtfre2U!nCÎ! and amP1itude distortion. The frequency^'s^.orticn 
H I eied.£andpaSS 0f !00 Hz - 6-000 Hz- «cl, group of 
conditions”1 ' "*asure of the intelligibility of the experimental 

Micr°Phonfs: Tilo three types of microphones chosen for the experi- 
, various types usually discussed in most controversies about selectioi 

of proper transducers for transmitting speech in noise. The omnidirectiona 

The nni^P 1^1 hS extreme1y 11near throughout the speech frequencies, 
helmets ^c^;^ dynamic microphone is a type presently used with militar 
rînn 1 i* Th contact m^rophone receives the vocal signal via bore conduc- " 
tion. It represents a type of transducer that is frequently suggested by 
laymen to replace the conventional lip microphone. The simultaneous recordini 

™ke ! ^n'e tPeeCh S-gna1 ?ith the three types of microphones will serve to ' 
make a direct comparison of the relative efficiencies of the three. 

^ïï?rrîhd1cNü1Su ‘r678!5; ,The ambient souno pressure level of environments 
blP nf « Peec?h !• pic^ed tJP by the microphone is a very important varia- 
'in nP íoUTjn1/311011 S1tuati0n- oA range of ambient SPL quiet, 100 dB, 
Î of*?! H dB- re 0"0002 dyneW) is chosen because it is an aporoxima- 

the dynamic range of most aircraft noise. The variable will furnish 
valuable information about the relative performance of the three microphones 
in a wide dynamic range. K 
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Frequency and Amplitude Distortion: Most aviation comnunication systems 
have characteristics that introduce amplitude and frequency distortion. The 
width of the passed band of frequencies is usually less than the width of 
the speech spectrum. Also, often the dynamic range of the speech signal is 
distorted by peak clipping. The 200 - 6,000 Hz bandpass filtering and the 
20 dB clipping are considered to be a conservative estimate of the two types 
of distortion. 

An experiment of this design will provide the necessary supplement to the 
existing knowledge of the speech communication process for subsequent appli¬ 
cation to the military communication systems in Army aircraft. 

STATUS 

A new method for the testing of the near-field linearity and the far-field 
cancellation characteristics of noise cancelling microphones is being 
developed. The new generation noise cancelling microphones - the bimorph and 
electret - are presently being tested with this method. Tests of experimen¬ 
tal systems and microphones are in progress for the construction and tests of 
new generation systems. These will be tested in a variety of applications. 
The systems will be smaller in size and more durable for field environments. 
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acoustical environment of u. s. ARMY AVIATION PERSONNEL 

UPUtXI 1VL 

The objectives of this wnrt ^ * 
environments in which ij. $ Army avÎâtîon’n! noise.sPectr,a of the various 
the1r duties. These data will be used not nn?0™6 re^ired to perfor 
and supply of protective equipment bît aUo ic aS " aS1S for the desiW 
future equipment designs. ’ 1 also as a means for improvement of 

background 

for effec^vèdsoíJt!onL°nafsUnèc«sPar?5'teSh^etl'elU- ^ and »? nee. 
ierlstics of the acoustic environíeots íf^^rpeísínTK'’96 °f the charäc 

survey problems^The^^n'eâ/rMpônsr on"??6 rthk cn'ter'ia a"d "oise 
gous to third-octave spectra information’ AuJ6 fth6r is more anal°- 
purposes it is required to obtain narrou/haJ50’ if°r certain engineering 
types of analyses will be ï 5and ana1yses. Therefore, three 
of acoustic problems. for adePuate descriptions and treatment 

be applied to noise data. This^ompflte °f ana1yse! 
tics of various acoustic environments wil ï, of the cb^acteris- 
not only for damage risk criiS aLi ï Valuable formation 
applications of noise abatement’piogiams^110"5’ bUt alS° en9ineering 

methodology 

recorder^iih'a^TO^B ^ignaM^oísfr^iÍ 3 ?"ecisi°n magnetic tape 
will be done in the laboratory with ortîîlh. whe anal^ses of the recordin 
and real-time narrow-band instruments 1 St¡Hc?-an? îhlrd-octave band filt 

L°nH HPrSSUre 1eve1s and standard deviatioís oíCtL ^-^PtÍOnS of the me 
ba.d data will be provided. For certain nutH«0 third-octave and octa1 
fourteen-channel tape recorder wtn îecSrd daî^fmeaSUr?n,entS• a ^f5ion 
teneously. W,N recor<l data from multi-positions simul- 

STATUS 

Octave-band, 
reported on. ... 
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HEARING PROTECTION DEVICES EVALUATION 

OBJECTIVE 

IKi0ÍmC«,Í;«¡!Í? *î: î4iüt*,n r!adi^ available data, recorded under 
♦j221957^ standardlzed procedures, of the attenuation offered by 

standard helmets, earmuffs and earplugs used by Army aviation personnel- 
and 2) estimate the protective properties of prototype equipment that will 
be considered for use by Army aviation personnel. 

BACKGROUND 

Since World War II, there has been an increase in the interest and effort 
to perfect devices for the protection of personnel from harmful high sound 
pressure levels. The effort has resulted in the development of earplîSs, 
earmuffs and helmets designed for sound attenuation. a 

Although the present prototype ear protection devices seem to reflect an 
asymptote in the rise of efficiency realized in the 1950's and early 1960's, 
there is still a need to properly evaluate the attenuation characteristics 
or all prototypes and standard equipment worn by Army aviation personnel 
The real-ear method of psychophysically testing the effective attenuation 
at the human ear is the method presently preferred. 

It is important to maintain available data about the attenuation character¬ 
istics of all standard and proposed equipment. These data are necessary for 
ascertaining noise levels in which personnel can safely operate. This in¬ 
formation is invaluable to medical personnel who prescribe devices for the 
adequate protection against noise. Such information, therefore, is in 
constant demand by laboratories concerned with noise problems. Army agencies 

of^rm^aircraft^5190 °f helmets’ medica1 personnel and private manufacturer 

METHODOLOGY 

Psychophysical measurements of attenuation will be made. The procedure 

WJ w1th ANSI Z24-22 (1957) standards. In addition to this 
standard ANSI test, other methods are being investigated. The physical-ear 
attenuation test developed by this Laboratory uses noise spectra and Past 
Fourier Transform instrumentation. 
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STATUS 

In anticipation of a change of the standard method for testing real-ear 
attenuation, plans are in progress for the purchase of a reverberation 
chamber. Sixteen reports on the quality control tests of the real-ear 
sound attenuation characteristics of helmets have been completed. The 
real-ear sound attenuation characteristics of twelve hearing protective 
devices have also been completed. 
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ARMY AVIATION AUDIOMETRY PROGRAM 

OBJECTIVE 

The purpose of this program is to perform precision atdiometric tests of 
a large sample of Army aviation personnel. The results of these tests will 
serve not only as valuable information about the status of hearing among 
Army aviation personnel, but also will serve as a basis for the ameliori- 
zation of the automatic audiometric testing conditions in U. S. Army 
aviation. This will be accomplished by the establishment of a more reliable 
audiometer calibration program, and the introduction of trained personnel 
with an MOS for operating audiometers. 

BACKGROUND 

A survey of audiograms of U. S. Army aviation personnel has revealed that 
a large percentage of young Army aviation personnel have hearing losses. 
The reliability of these data must be tested with a program of rigidly 
controlled instrumentation and testing procedures that will yield dependa¬ 
ble data about the magnitude of hearing losses among U. S. Army aviation 
personnel. If the results of such tests show a significant difference 
between the health records data and the experimental data, there will be 
a recommendation for an ameliorization of audiometer calibration and audi¬ 
ometry in the U. S. Army. 

METHODOLOGY 

The first task will be to determine the proper audiometer for the making 
of precision audiograms. The audiometer may be chosen from several sources. 
Presently, the possibilities are the Rudmose ARJ-4, the Rudmose ARJ-5 or 
some of the new models of automatic audiometers developed by Grason-Stadler 
Company, Inc. After a suitable audiometer has been chosen, the testing 
program will proceed. The next task will be a treatment of the data to 
determine whethe*" or not the differences between the health records data 
and the experimentai data are of significance. If the differences are sig¬ 
nificant, then recommendations will be made as to how an improvement of 
audiometry may be accomplished. The requirement for having trained 
personnel with an MOS for audiometry and requirement for improved audiometer 
maintenance and calibration will be the primary recommendations. The 
acoustical environments of audiometric testing facilities in the Army will 
be investigated. 

STATUS 

An augmented audiometric branch is being planned which is to do various 
research probjects for the Army. An audiologist has been assigned to USAARL. 
New improved audiometers have been added to the laboratory. 
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GENERAL DETAIL SHEET 

TITLE: Research Psychology Applied to Medically Significant Problems in 
Army Aviation 

OBJECTIVE: 

To provide US Army aviation information that is medically inçortant 
about the human factor in the aircraft man-machine system, with special 
enphasis on the perfoimance of this hunan factor and the variables that 
influence it. 

BACKGROUND, METHODOLOGY, STATUS: 

Statements concerning the above for this area of research can be 
found on the following pages nimber 56 through 82. 

REGOMENQATIONS: 

It is recomnended that research in this area be funded on a contin¬ 
uing basis. 
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AVIATOR VISUAL PERFORMANCE IN TUE U1I-1U 
S1TJDY I 

OBJECTIVE 

The objectives of this research effort were twofold. The first objective 
was to measure the visual use (¾ time, dwell time, transition data) for 
various areas of the windscreen during flight maneuvers under visual flight 
rules in the UH-1H helicopter. The second objective was to conpare these 
measures with subjective estimates made about the percentage of time these 
areas were used. 

BACKGROUND 

Though the visual sensory modality is considered, almost without exception, 
to be highly critical to helicopter flying few research efforts have been 
directed at measuring where the pilot looks during VFH rotary wing flight. 
Such information and how it is affected by flight envelopes, tactics, 
environmental variables, displays, etc., is essential if accurate judgments 
are to be made concerning vision and its use. 

METHOD 

The visual performance of ò Army aviators was monitored using a corneal 
reflection method and recorded on video tape. These tapes were later 
scored via ground based electronic processing equipment. Maneuvers flown 
were: lift-off to stabilized hover; forward hover; rearward hover; hover 
turn left (9Ü0 and 360°), hover turn right (90° and 360°); normal takeoff 
and approach to hover (left pattern); normal takeoff and landing right 
pattern. After a period of three weeks, the same aviators were asked to 
estimate the percentage of time they used each area of the windscreen for 
the maneuvers they had flown. .Again, in three weeks each aviator flew 
all maneuvers again and immediately upon completion estimated the per¬ 
centage of time they used each area. 

STATUS 

The results of this investigation have been published in USAARL Report 
No. 74-7 entitled, "Aviator Visual Performance in the UH-111 - Study I." 



PERSONALITY QIARACTERISTICS AND PILOT ERROR ACCIDENTS 

OBJECTIVE 

»ns tüSÄÄ'ÄÄtÄ: »S'.™ 
accidents and personality characteristics. 

BACKGROUND 

aviation accidents. 

Sèl^lts of S”r sîuSy indicates that pilot error was a factor in 

804 of the accidents occurring during ^ ['[¿'jjVto^not'trror in 
striking sum of $58,000,000 per year was attributed to pilot erro 
terms of injuries, fatalities and aircraft damage. 

A total examination of the pilot error P^l« would jt^be complet^ 

without examining the personalities of j. J¡^°catc that accident 
accidents. Iladdon concluded ^at ..^tud^ ^ a statistlcai frequency. 

Ugh! S the high rate of pilot error accidents occurring in the mill- 

tary and civilian communities. 

MEilK)lK)U)GV 

accident, as determined by USAAAVS accident data. 

The Cattell Sixteen 1'ersonality factor (Jicstionnaire was administered to 
each subject along with the Mehrabian Need Achievement Scale. 



The 16 PF scores were corrected for age differences and used as predictor 
variables with the need achievement score in a biomedical computer program 
for stepwise discriminant analyses. 

STATUS 

The analyses have been performed and it was found that 861 of the aviators 
tested could be correctly classified as to their pilot error accident 
involvement by using the personality scores as predictor variables. 

A draft has been written on all sections of the investigation. 

Current efforts concern final revisions and the drawing of figures and 
graphs. 
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OPERATIONAL MEASURES OF I'UjOI PERFORMANCE DURING AlfTORITI'ATIONS 

ORIIjCTIVE 

'Hie objective of this study is to investigate pilot and aircraft perforra- 
ance as related to autorotational maneuvers. 

BACKGROUND 

Currently, autorotation is the only inflight escape system available to 
the helicopter pilot. For this teason, research into mechanisms which 
affect this maneuver is very important. Preliminary investigations into 
accident data records show that a significant number of problematic land¬ 
ings associatetl with this maneuver could be attributed to human factor 
errors, leaving the question of what factors are associated with such 
pilot performance. 

METUODOUXA 

This study is being conducted in two phases. Phase 1 involves a review 
of autorotational accidents. Information derived from these reports will 
provide cost figures and should yield information as to variables common 
to various typos of aircraft, weather conditions, time of day which may 
he contributory factors to these accidents. 

Phase II will involve measuring both pilot and aircratt performance dur- 
ing autorotation. Initial variables to bo studied relative to performance 
during autorotation will include environmental conditions and individual 
differences. 

STATUS 

Autorotational accidents for n 70 have been analyzed. A technical 
report detailing these accidents has been written (USAVRl Report No. 
74-2 entitled "Army Autorotational Accidents FA 70-72"). Necessary 
equipment for measuring autorotational performance has been developed. 



VISUAI. PHRI'ORMANCH DURING DAY NOD .AND 1,0h 1J.VI.D 11.10,111 

ORIDOTI Vl: 

The objective of this work is to gain informal ion concerning the areas of 
tiie vviniscreea most often utilised by aviators whiJe perfonning NOT. and 
low level flight. 

BACKGROUND 

Ivhen flying nap-of-tho-carth in an Aiw helicopter, the aviator traverses 
through a constantly changing perceptual environment. Unlike normal flight 
profiles, NOT work is conducted at. very low altitudes and variable air¬ 
speeds with the primary objective being concealment of the aircraft enroute 
to an assigned mission objective. The necessity of avoiding obstacles, 
assuring adequate height above all potentially hazardous terrain features, 
navigating to an objective while maintaining concealment as well as per¬ 
forming normal flight duties, places a formidable workload on the aviator. 
Much of the information necessary to perform these various functions is 
processed through the visual modality. Indeed, tills sensory modality 
could be considered the most critical for helicopter flight. However, up 
to the present, little research has been attempted to determine where a 
pilot looks with his eyes during flight. Recent work by this laboratory 
has monitored visual performance of aviators wiiiic flying standard maneuvers, 
lliis work will provide similar information for NOT and low level flight. 

MTii iODOl .00 V 

Subjects will be six Army aviators. Visual performance will be measured 
using an 1 ye '•Lark Recorder linked to a video recording system. The wind¬ 
screen will be divided into eight sections. Hiere will also be two chin 
¡nibble sectors, two side door sectors and one inside cockpit sector. All 
pilots will perform two NOT-low level flights, each approximately twelve 
minutes in duration. All video tapes will be scored in the laboratory’. 
Time measurements in each sector will be obtained, as well as the number 
of transitions into and out of each sector. A percentage of time spent 
in each sector will also be computed. 

sí a rus 

data is presentí)' being collected on the six aviators. 



AVIATOR MISSION PREFURliNCt AS RHLATIl) TC' 
PERSONALITY aiARAGbPlsriCS 

JRIECITVL 

r »wie ctmlv is to explore the possible relationship between 
preference1'for nSssion assents and personality char- 

acteristics. 

background 

data indicate that so* ¡^ividoals tend to ac.ively ^out^ational 

or sti«"1?iin*rexpcr;^f.!îiî5 ttaJ'soL aviators arc willing to accept 

Ä -Sil £aJLÂ -S-K-^ed 

ÂnîTÂMiÂ •'Tp P^de useful infection tn 

these areas of concern. 

MITIIOnOhOGV 

Cittell’s Sixteen Personality Factor Questionnaire and Mehrabian's Need 
A vero civcn in order to determine stable personality 

-tí - 
CONUS and Vietnam mission assignment preferences. 

SfATUS 

mta has been collected 

^ÄrtiÜTplUli Ä profile for «les in the general popu- 

1at ion. 

Currently, final a,«lyses are being perfomed and a report will be puh- 

lished shortly. 

(»1 



INSTRUMENT FL IQ Ff RRLFLRENCE MU FIELD DEPENDENCE 

OBJECTIVE 

The objective is to investigate group UiiTerences in the mode of percep¬ 
tion of 1ER qualified aviators who like and dislike 1ER flight. 

BACKGROUND 

There exists data to support that people vary to sonic degree in their per¬ 
ception of the world. One of the perceptual areas in which persons differ 
is in their ability to recognize and separate an item from the field which 
surrounds it. Some have temed this ability field independency. It has 
been demonstrated that an individual's mode of perception can be discrimi¬ 
nated along a continuum of field dependence-field independence with the 
Embedded Figures Test and the Rod and Frame Test. 

The principal difference between Visual Flight Rules (VFR) flight and 
Instrument Flight Rules (1FR) flight is that the latter must be performed 
independent of a real world visual ground or horizon reference. It is 
possible that the perceptual processes required for IFR flight can be 
placed on a continuum, because persons flying IFR must perceive and man¬ 
ipulate an aircraft' without regard to the background by which it is 
surrounded. It is commonly accepted that aviators vary with respect to 
their aptitude, ability, and skill in perfoming IFR flight and it is 
possible that the above variables may be dependent in part upon perceptual 
differences in a person's field dependent-independent mode of perception 
as ascertained by the Rod and Frame Test and a modified Hidden Figures 
Test. 

METHODOLOGY 

The subjects will be 43 instrument rated Amy aviators. They will be 
assigned to one of two groups on the basis of their stated preference 
for actual instrument flight. 

These groups will then be tested by way of the Rod and Frame Test and the 
modified Hidden Figures lest. The results of these tests will be analyzed 
to ascertain if these groups can be considered different on mode of per¬ 
ception as measured by the tests. 

STATUS 

The results of this investigation have been published in USAARL Report 
No. 74-S entitled, "Instrument Flight Preference and Field Dependence." 



PliRCKPTIQN OF HAZARD BY .ARMY AVIATORS 

oiuirnvi; 

The purpti.se of this study is to investigate the possibility of important 
differences in the way aviators ;ind safety experts view the hazard asso¬ 
ciated with various aspects of aviation-related activities and that such 
differences, if signficant, can be used to identify areas of flying safety 
in need of additional or changed emphasis. 

BACKGROUND 

For many years aviation-oriented people have been actively working toward 
the reduction of aviation accidents through prevention. The Army's air¬ 
craft accident rate has been reduced from 32.07 accidents per 100,000 
flying hours in 1963 to 11.95 in 1972 (Ricketson, 1973). During the whole 
period, about 83¾ of the accidents have involved or been attributed to 
errors in human judgement.(ibid.) Still the rate is higher than desirable 
and any efforts toward furtherreduction would directly benefit the Army 
in terms of savings in injury to personnel and damage to materiel. 

It has been determined that a further reduction of personnel error type 
accidents may be possible by examining the perception of hazard potential 
by aviators. That is to say: Are there hazardous situations which arise 
in the aviation environment that are not perceived by aviation personnel 
as being particularly hazardous? If the answer is affirmative, it might 
be possible to determine such situations and to subsequently orient aviator 
education and accident prevention ef.orts to stress such areas before they 
result or become contributing factors in accidents. 

Ml.TUPDPLXiY 

This project calls for an inventory consisting of a large number of situ¬ 
ations typical of aviation operations involving various degrees of potential 
hazard (danger). Aviators and safety personnel will In asked to indicate 
the degree of danger they perceive to be associated with the individual 
situations or activities. Subsequent analysis will examine the extent to 
which the two groups agree or disagree on respective items. Significant 
disagreement will be used to identify areas in need of further training 
emphasis. 

STATUS 

\n inventory of aviation-related situations has been developed and will 
snortly lie submitted to a small group of pilots for informal validation. 



prRH;lTHAI.-MOTOR lACTORS IN STRI1SS-R1.SIST/\NT I1IT.1COITPR DISPLAY-CONTROL 
SVSTLMS II. INST RIM AT CURD AUTOROIATIONAL LANDINGS 

OKUTTTM 

Dot c mi iK- the effects on auto rotational landing perfomiancc of cueing 
control actions from absolute altitude, and absolute altitude plus iate 
in a differential tracking mode. 

BACKCROliNO 

Autor tat ion is an essential maneuver for crew survival and aircraft re¬ 
covery upon engine failure, but a substantial percentage ol Army airciait 
accidents involve unsuccessful perlonuancc ot this maneuver during actual 
emergencies or training. Pilot errors are frequent due to the small 
range of tolerable error envelope in perceptual judgments and contiol 
actions for successful performance. Accurate perceptual judgment of the 
height to begin landing control actions is difficult under optimum con¬ 
ditions, and the stress of actual emergencies probably increases the 
error in this critical skill. At night, particularly when using night 
vision devices, the difficulty in making this height judgment is increased 
further. In instrument meteorological conditions it may be impossible. 
The Coast Guard, which uses a radar altitude cueing technique for initiating 
autorotation landings, has a very low autorotation accident rate. Arm> 
autorotational accidents have been analyzed and reported in USAARl. Report 
No. 74-2. 

METHPIXTIX.V 

An instrumented helicopter will be used to measure autorotation landing 
performance using direct vision in daylight, landing lights at night, and 
using night vision goggles. Performance under these conditions will be 
compared with performance when control actions fire cued from radai 
altimeter readings, and from a modified display with radar altitude iate 
added so that differential tracking of altitude by rate can be used to 
guide cent ro1 app1ication. 

STATUS 

Pilot Kimilianzation with the mgnt visi m goggles has reached a level 
where exploration of autorotations can begin. A solution lia:- been found 
to teciinical problems in operating recording •equipment in the test heli¬ 
copter during autorotations. Data acquisition has begun for some test 
condit ions. 



AVIATOR PURTORMANŒ DURING NI (3 TI NOH AND LOW LHVHL LL I (30' 

ORlLCllVi; 

The objective of this research is to obtain iniormation concerning aviator 
performance and aircraft states during the conduct of night low level and 
NOL flight operations. 

BACKGROUND 

The introduction of the tactical concept of nap-of-the-earth flight has 
placed many demands on Army rotary wing aircrews. The task of navigating 
and flying to an objective while maintaining maximum concealment lias be¬ 
come an operational necessity. Additionally, the need for a 24 hour 
tactical response capability requires this type of flight profile be per¬ 
formed during the night hours and under less than optimum weather con¬ 
ditions. The consequent effects of these night NOL operations on aviator 
and aircraft performance must be assessed in an effort to optimize 
decisions relative to their application. 

MLTUODOLOGV 

Six rotary wing aviators, all rated NOL instructor pilots will participate 
in this investigation. Lach aviator will be required to fly day and night 
low level and NOL flights. After fami 1iarization with the course during 
the daylight hours, continuous recordings of aircraft and pilot performance 
will be taken for three consecutive NOL and low level runs. This same 
procedure will be followed for each aviator for the night runs and perform¬ 
ance differences between these two conditions will be assessed. Physio¬ 
logical parameters will also be recorded for all runs. These measures will 
include heart rate, LKG, and pro- and post-chemical anslyscs of urine 
specimens for increased catecholamine output. 

STATUS 

Data on six aviators has been collected and is being submitted to analysis. 



DECISION MAKI NC UNDER CONDI 1 IONS 01- RISK AMONG AVIATORS 

oRJEcnu. 

Hu.' pui'post* oi t!us study to investigate the per I onimnce ol aviators 
under simulated conditions involving decision making and risk taking. 

BACKGROUND 

Although the studies oí risk taking and decision making involve a number 
of variables, each would appear to concern one of two situations. Gen¬ 
erally, the work of Cohen, Dearnaley, and Hansel (1958), characteristic 
of a number of studies, involves a risky situation that is basically 
static. Consequently, with the exception of shifts in the subject's 
ability, the various alternatives with their associated probabilities of 
success or failure do not change over time. The alternative approach is 
dynamic and has been used to simulate the driving or passing situation 
(DcKoek, 1967). 

Hie utilization of this non-static approach with aviators has been neg¬ 
lected in the past, but would appear to he meaningful for conducting 
stu íes concerning risk taking and decision making behavior among aviators. 

METHODOEOCV 

fliis project involved the construction and implementation of an apparatus 
designed to simulate a dynamic decision situation. 

I he apparatus consists of timers, counters, and indicator lights. The 
lights are designed to simulate the decision situation and the timers 
remonstrate the subject's rate of success. A response panel contains the 
subject switches. \t the onset of a light (display panel), the subject 
win have to make a decision based upon the intensity of the light He 
may cither go, go-abort, or not-go, all of which of this design have 
different insights for payoff. The element of variability eliminates the 
static situation that has been repeated in other studies. Consequently, 
an element of risk is incorjiorated, based upon a time interval that 
changes. 

¡nis apparatus will provide information on decision making and risk tak¬ 
ing performance among aviators. In the future, certain psychological 
and physiological variables might be utilized to show their effect on 
numan perfonnance under conditions of risk and decision making. 



iPWVMimiHPPRP 

1 

SrATUS 

A literature review concerning decision making and risk taking has been 

completed. 

The display and response panels have been interfaced with the logic system. 

A pilot study was conducted, followed by the testing of 51 aviators on the 

decision making task. 

The data has been reduced and analyzed and a report will soon be published. 

J 
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ThMPI.RATURh ÜH'IXTS ON ACCIULNT RATES 

OBJECTIVE 

jo detenu int' the effect of cockpit ambient temperatures on accident rates 
in Army aviation. 

BACKOROUMi 

lintwr^,-tÍ"’ d° "Sí eîisf onr the effect of temperatures on accident rates 
in Army aviation. The lack of such data has resulted in cockpit environ- 
mentaI conduioning requirements in new aircraft developments being subiect- 

‘ •('?n/0rt: of thc crcw is generally regarded as too costly 
in terms oi the weight/power penalties involved for cooling; the design 
concern is the temperature that can be tolerated without serious performance 
consequences Laboratory data do not translate easily into the serious 
consequence tolerance limits that are needed, other than physiological 

inSria 1 arc araiiablC i,ldkatin« a substantia'l increase in 
temnèriti/res ít • dUring ’!8h temTr ’•'1tures in comparison to moderate 
r^t^ » • ÍS reasonable to cxr' - t this temperature-accident 
™tí ihlLmay alS0 exist for Arm>’ aviation accidents. If so it would 
seem to be the most valid basis for determining, cockpit environmental 
conditioning requirements. F environmental 

methodology 

iniah^ÍdCnt íe?rd,A1,P fil,cs of US/VUVS ÍUS Army Agency for Aviation Safety’ 
wil! be searched and sorted by relevant data items on their acciden? report-J 
mg form. Ihese items will include temperature, aircraft tvne mission 

Â;h“dis^ de/rsit) iïtitSs; and ¿os- 
humid ity effectstfrnmtnth techniqucs W1.n be used to separate temperature- 
nermit^ f; j! fr?m.other co-varying factors to thc extent the data 

S ?n^lcfPateJ that accident rates, per se, may not be directly 
•iHvVlab k aS a funcîlon of temperature, but that comparisons of the rcl- ' 
\l c numbers of accidents at various temperatures should be possible 
Also, comparison of temperature distributions for accidents in re atan to 

average temperature distributions should also be possible An attest wil 1 

? ;HCidCnt ratCS aS a funct ionPof-tanate ii?Jctlv 
' atltclUdtt data for this purpose can be obtained. 

STAU IS 

ÄÄ hSvc'&TIS Ä&Ä oTir’t'S- 

1)8 



AERGMEDICAL EXPLORATION OP HELICOPTER FLiafT CONTROL 
CUEING CONCEPT FOR CONTACT TRAINING 

OBJECTIVE 

To gain a full understanding of a cueing concept that has been developed 
to assist students in developing helicopter contact flying skills, and 
to explore the potential application of the concept in resolving aero- 
medical problems in helicopter flight operations and training. 

BACKGROUND 

A senior flight instructor has developed a cueing technique that appears 
to assist in acquisition of higher then usual skills in contact flying. 
This cueing is highly similar to the attitude cues used in instrument 
flight, and students trained with the technique in contact training seem 
to do quite well in instrument training. The technique seems likely to 
have potential for resolving some of the disorientation and control prob¬ 
lems that exist when attempting to fly helicopters using imaging devices. 

METHODOLOGY 

A thorough indoctrination in the application of the cueing technique in 
student flight training, with emphasis on essential aspects, advantages, 
and drawbacks. A tape record is being obtained of classroom and flight 
training and discussions, and film records illustrating the application 
of the cue in flight are being obtained. A non-rigorous assessment will 
be made of the effect of the technique on learning of contact and instrument 
flying skills, and of the potential of applying the technique with a min¬ 
imum of time and effort. .After a full understanding of the cueing tech¬ 
nique and its potential is obtained, the potential of the technique for 
resolving various aeromcdical problems in current and future Army heli¬ 
copter systems will be assessed. More definitive research on applications 
of the concept will be defined should they be considered appropriate. 

STATUS 

Classroom and flight training of one researcher based on the cueing con¬ 
cept has been accomplished, with audio tape recordings and film records 
obtained. 
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AVIATOR PTRFORMANCH DURING NUlfl NOL AND LOlv lii\TT. FLKIIT WITH AN/PVS-5 
NKKI' VISICW GOGGLES (40 DEGREES, 00 DEGREES AND 40 DEGREES BIFOCAL) 

OBJECTIVE 

'Die puriioso of this investigation is to assess differences in aviator per¬ 
formance (flight and physiological) during NOE and low level flight 
utilizing various AN/PVS-5 night vision goggles configurations and the 
unaided eye. 

BACKGROUND 

The increased utilization of helicopters in night tactical operations and 
the particular flight profiles requir'd for their projected mission 
effectiveness have necessitated the development of night vision aids for 
rotary wing aircrews. One device of this type is the AN/PVS-5 Night 
Vision Goggle developed by the US Army Night Vision Laboratory. Phis 
system allows the aviator to operate the aircraft at night with natural 
illumination. Although various agencies hâve utilized the goggles dur¬ 
ing night flight operations, little quantifiable data is available with 
regard to the relative impact of 40° EOV, 40° FOV bifocal and 60 FOY when 
worn by aircrews for various flight profiles. Of particular interest is 
their effect on aviator performance during NOE flight. This investigation 
will obtain and assess performance data from aviators wearing the NVG and 
performing NOE and low level flight. An attempt will be made to determine 
what differences in performance are present between three goggle config¬ 
urations and the unaided eye. 

METHODOLOGY 

The subjects for this study wUl be six rotary wing aviators with extensive 
NOE flight experience. Each aviator will be required to fly five consecu¬ 
tive low level and NOE flights. (NOE flights will be in a riverbed, thus 
negating the navigation task.) The first flight will be tlown with the 
unaided eve. Tins run will be followed by three flights utilizing each ot 
the three configurations of goggles (40° FOV, tO EOV, 40 FOV bitocal). 
fhc last flight will again be performed with the unaided eye. Aviator 
;uul aircraft performance measures will be continuously recorded for all 
flights through the use of the Helicopter Inflight Monitoring System 
(HIMS). Physiological measurements such as heart rate and FKG will also 
be recorded and a urinalysis of pre- and post-flight specimens will be 
conducted. 

STATUS 

Data from six subjects has been collected and is being analyzed. 
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VISUAL PHRFORMANŒ DURING Niail' NOL AND LOW U ATI. l'LIQIT 

ORILClTVli 

The objective of this investigation is to gain informât ion concerning the 
areas of the windscreen most often utilised by aviators while performing 
night NOL and low level flight. 

BACKGROUND 

In contrast to day NOL flight where the aviator is constantly flooded with 
many perceptual cues, night NOE work places the aviator in an environment 
where normal cues are degraded or deteriorated to such an extent that they 
possibly lose their normal value. Lor example, it has been demonstrated 
through classic laboratory research that as luminance levels deteriorate, 
it becomes increasingly difficult for the human eye to perceive detail, 
delineate texture or retain good depth perception. These cues are oí ex¬ 
treme importance for NOL-low level flight and a deterioration in efficient 
aviator performance may well be evident as such cues are more difficult to 
perceive. This work will seek to determine if changes in visual scanning 
techniques result as a function of decreased luminance levels. If perform¬ 
ance is maintained at a satisfactory level for NOL flight with less visual 
information and visual scanning patterns are similar for both day and night 
operations, this information will be of value in determining just what the 
critical perceptual cues are for optimally performing this type of flight 
profile. 

MLTIIOWLOGY 

This study will utilize six Army aviators. Visual performance will be 
measured using a corneal reflection technique in conjunction with a video 
recording system. Hie windscreen will be divided into eight sectors and 
there will also bt marked two chin bubble sectors, two side door sectors 
and one inside cockpit sector. The six aviators will fly both low level 
and NOL runs and will be required to make two flights. (NOL flights will 
be in a riverbed negating the navigation task.) The video data will be 
analyzed with regard to time spent in each sector, transitions in and out 
of each sector and percentage of time spent in each sector. 

STATUS 

Equipment to modify the corneal reflection device has been ordered. The 
system, when complete, will consist of the Lye Mark Recorder, a COUU 
o.l icon Diode Vidicon LLL'IV Camera and video recorder and an infrared 
light augmentation system. Modifications are also being designed for the 
Eye Mark face Mask to increase comfort and ensure compatibility with the 
Ll.l.TV. 
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I’HRG rrUAI.-MOTOR l Ai lORS IN STRliSS RESISTANT Illil.ICOlTHR »JlSl'LW CUVl'KOL 
SYS11MS 1. ¡I’SlIAriMl. AND CiONTRALAIT.R/XL i) 1 SI’L\>-CONTROL RJ.IAi lONSUIl’S 

01ULCT1V1 

The objoctivt.' oi this study is tc detenu ini' the elTects on react ion 
tlme/control iiandwidth and control errors oi’ ips ilateral/cont. alateral 
and compensatoiy/pursmt display control relationship in a heltcopter- 
1 ike multichannel control task. 

BACKOROUM) 

Conventional helicopter instrumentation appears to violate certain basic 
perceptual-motor relationships whose anatomical basis in humans derives 
from about the fish stage oi evolutionär)' development. v iolation of these 
deeply ingrained primordial perceptual motor relationships may be expected 
to increase response times and errors, particularly in stressful situa¬ 
tions where there is a tendency to revert to "natural" reactions in place 
of the cognitive constructs now rccuired for instrument flight. Con¬ 
ventional helicopter instrumentation involves a lateral crossover between 
the instrument panel location of airspeed and altitude information and 
the hands used for controlling these parameters in demanding flight con¬ 
trol regimes. ¿»ecisions will soon he necessary on whether to perpetuate 
this crossover in new electroptical displays, or whether to correct the 
display-control relationship to provide maximum performance and minimum 
errors. Data indicating the degree of performance improvements that 
might result do not exist. 

MLTHODOLOlh 

A set ot helicopter controls and a DC-viewed vl .splay panel will he used 
to simulate the helicopter control task. Up to five channels of inform¬ 
ation will he presented, with increases in the number of channels and 
rates of change of displays being used to van workload. The changes in 
displays will be presented in stepwise fashion in order to clearly de¬ 
fine reaction time start points, ihe time to correct response and the 
incorrect responses will he recorded and analyzed to compare the tested 
display-control relationships and worwloads in terms of reaction times, 
errors, and information throughput rates. 

STATUS 

The experimental approach and test conditions h. ve been defined. Equip¬ 
ment moditicat ions required for stimulus programming and driving have 
been identified and requested. Logic requirements for display driving 
a.id response recording have been defined, as have tne data ana Uses to 
be used. Logic patchup has begun. Data collection should occur early in 
IT 75. 



AVIATOR PHRFORMANŒ DURING DAY NOK, IXIW LIAI I. 
AND IJOCAI. ARKA 1-1.1(301 

0BJ1X.TIVK 

The first objective of this investigation is to provide data concerning 
aviator performance and aircraft state variables derived 1 rom inflight 
measures collected during local area, low level and NOl. (lights, fhe 
second objective is to provide information concealing physical workload 
and stress differences for the three types ol (light profiles under 
investigation. These physiological parameters will include muscle act¬ 
ivity, heart rate and changes in body chemistry. 

BACKGROUND 

Because of the projected tactical environment in which helicopters will 
be required to operate, there exists a necessity to lly close to the 
earth. Of the three recognized tactical flight profiles (i.e., contour, 
low level and NOK), the most demanding is nap-of-the-earth (NOK). The 
aviator who flies NOK must maintain a high level of alertness to detect 
and avoid obstacles while maintaining maximum concealment and the desired 
flight path. Though research has been conducted to demonstrate the capa¬ 
bility of aviators to perform such flights (Ref. CDKC work) and the US 
Army Aviation School provides low level and NO! flight training, much 
remains to be known about aviator performance during these different flight 
profiles and their physiological impact. 

MKTUODOUXIY 

Subjects will be six rotary wing aviators with extensive NOK experience, 
lor design purposes, subjects will be divided into two groups ol three 
aviators each. Kach group will participate in flights over a two day 
period, with each day representing a different test condition. One con¬ 
dition calls for a low level and NOK flight and the other a normal local 
area flight. Twenty channels of continuous information on pilot perform¬ 
ance and aircraft states will be collected for all NOK., low level, and 
¿ocal area flights utilizing the helicopter inflight monitoring system 
(111 MS). These data will be submitted to statistical analysis. 

STATUS 

¡.ata for the six aviators has been collected and analyzed. A report on 
the outcome of this research is being written. 



im:i;iYTD velocity as a function of 
ALTITUDE AND VISUAL ENVIRONMENT 

ORIUTIVE 

lhe investigation of aviator ability to estimate aircrait velocity as 
a function of altitude under normal daylight and low light level night 
conditions. 

HALKCKOUNL) 

The perception of velocity is believed by some to be a linear function 
of altitude; however, there does not appear to be any empirical evidence 
in this regard. Velocity perception bui» become increasingly important 
with the new tactical profiles anci night vision devices. 

METliODOLOCY 

Eight subjects will be flown at 12 altitude/aircraft speed combinations 
(4 altitudes, ?- aircraft speeds') under each of 4 visual conditions: 
unaided eye in daylight and both the aided and unaided eye in night light 
(simulated and equivalent to quarter to hall moon). Visual aids are 2 
pairs of night vision goggles, one with a 60 Held of view, the other 
with a 40° field of view. 

The subjects will estimate aircraft speed and altitude, utilising normal 
visual cues, for each of the above conditions. 

The experiment design consists of a counterbalanced Latin-square with 
subjects randomly assigned to visual conditions and altitudc/aircralt 
speed combinations. 

criterion measure will be the difference between aviator estimates and 
tiie actual altitude/aircraft speed measured by the radar altimeter and 
a helicopter in flight monitoring system. 

Analysis of variance will be used to examine the data with respect to 
altitudes, aircraft speed and visual wonditions. 

STAU IS 

Data on six aviators has been acquired and data analysis has started. 
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COMUNICAI IONS AT IX)W U-VliLS 

OBJHLTIVl: 

The primary objective of this project is to facilitate navigation and 
improve flight performance by standardizing navigation terminology and 
instructions from the navigator (or co-pilot) to the pilot so that un¬ 
certainty and misunderstanding will be reduced and head in cockpit time 
is minimized. 

BACKGROUND 

The unique characteristics of nap-of-the-earth (NOh) flight have brought 
many new demands and requirements upon helicopter aircrews. Among the 
most important of these requirements is the need for a ccmmunication 
system which allows the navigator and pilot to operate efficiently (in 
terms of the amount of communication) and effectively (keeping the pilot's 
head outside the cockpit and on the immediate terrain features). It has 
been noted that one problem related to NOK flight is the head-in-the- 
cockpit time demands made by conventional navigation techniques. Safe 
NOh flight requires that the pilot keep his head outside the cockpit and 
rely on terrain features and directions from the navigator as the primary 
means of controlling the direction of his flight. Navigation in this 
manner is a most difticult task which calls for a great deal of teamwork 
between the pilot and co-pilot. A standardization of terminology to 
describe the terrain has been suggested hut no emphasis has been placed 
on the standardization of those terms by which the navigator guides the 
pilot over the terrain. Too often the navigator gives a direction which 
cither requires the pilot to locus inside on the instrument panel for 
reference or produces some uncertainty in the pilot as to the exact 
meaning ot the instructions, hither case results in a slower reaction 
time by tin pilot and could result in a degradation in his efficiency 
in handling the helicopter. 

A recent review of \rmy aviation accident reports for the IS-ycar period 
from 19.ÏH to 1'.) h indicated that 80" ol the helicopter and fixed wing 
accidents were due to pilot error. An analysis of the task errors, listed 
in the USAAAVS accident reixtrt, which contributed to the overall human 
error that resulted in the mishaps revealed that: (1) processing and 
using information, (h¡ communicating, and (3) following procedures, were 
three ol the five task errors listed. 

the accident data indicate that communication and the effective utilization 
ol transferred information is currently a problem and will continue to be 
one unless remedial actions are taken. 



MLTltOUOUXÎY 

Tape recordings of two groups of initial entry flight students during the 
NOl phase of their training have been obtained and scored. 

STATUS 

Basic comparisons have been made between the types oi navigation terms 
used inflight. 

Frequency counts of favored terms have been obtained along with communica¬ 
tion time in comparison to total NOH route time. 

Currently a questionnaire is being constructed vhich will be given to NOl. 
IPs and students. The results of the questionnaire should provide alter¬ 
native approaches for the standardization ol intl.eht navigation 
terminology. 



AVIATOR hiklORMANŒ DURING INGLINI: (SUMM:) OlMiRATIONS 

ORILCrUT: 

'llu' priniiin' objective of thi> research is to provide data on aviator per- 
formance ind aircraft states during incline landings. Secondly, since 
previous subjective observations have noted increased muscular tension 
during the performance of this maneuver in aviators, physiological record¬ 
ings to quantify this phenomena will be attempted. 

BACK(ÎROUNI) 

Incline landings are viewed by many rotary wing aviators with a certain 
degree of apprehension. This feeling is not without merit. After a judg¬ 
ment is made that a landing can be accomplished on the chosen terrain, the 
basic maneuver consists of making a normal approach to a hover over the 
incline area, lowering the upslope skid to the ground and slowly continuing 
to decrease collective pitch, while maintaining smooth descent with cyclic 
control and precise heading with the anti-torque pedals until the down- 
slope skid is firmly resting on the ground. This complete maneuver must be 
accomplished with a great degree of control precision. Incorrect control 
may result in severe mast bumping which grounds the aircraft for major re¬ 
pairs or upslope or downslope rollover of the aircraft. Thus, exceeding 
the limits of any one of the mix of necessary control movements can result 
in considerable damage to the aircraft and possible injury to crewmembers. 
Because of the criticalness of aviator control during incline landings and 
the relative frequency that they arc performed both in training and normal 
operations, it is necessary to gain objective baseline data on the per¬ 
formance of thlc maneuver. 

MbTUODOLOCV 

Continuous recordings of aviator performance parameters and aircraft state 
variables will be taken for two inclined landings for each of six subject 
aviator- via the helicopter inflight monitoring system (HÎMS). Hlectro- 
myographic recordings of the muscles oi the right torearm of each subject 
will also be taken during each landing. Performance and aircraft data, 
particular!V control manipulanda will be compared across subjects and 
the degree of muscular tension will be determined from the LMG data. 

STATUS 

data on six rotary wing aviators has been collected and submitted for 
analysis. A report is being written. 

/ / 



(U.lXiRAJ’lilC HLfVnJKi: USIBlI.m IN I.i.Hn I.liVlil. H.l(3rr 

ORJBCTIVI 

j° provide preliminary deiiiution oi the u-lativi oruntation and time 
in view of geographic features during l»n% level fliglit. 

BAt:KdR01i\i) 

Masking by vegetation and terrain during low level and nap-of-the-earth 
(light greatly restricts visibility to features used for geographic 
orientation, i'he time in view of features and their relative orientation 
when in view is determined largely by vegatation and terrain character¬ 
istics, but has not been quantified. As a result, the characteristics 
needed in systems for navigation at low level have not been well defined 
in regard to the orientation and duration that potential navigation features 
arc in view. Preliminary analysis has suggested that little information 
tor navigation is likely to exist directly ahead of the aircraft. 

MhTHOiJOUXA 

existing extreme wide angle low level motion picture imagery obtained in 
the fort Rucker vicinity will he used to define quantitatively the relative 
orientation ol features potentially usable for geographic orientation, and 
to detine the time these features are in view, i'he azimuth and elevation 
angles at feature appearance and disappearance will he recorded, as well 
as intermediate orientations if in view for an extended period of time. 
Angular orientation of linear features such as roads will also be defined 
at crossing, ihe ilata will be summaiited with regard to relative expect¬ 
ations ol line 01 sight existing to types of features at various orien¬ 
tation and durations. 

STATUS 

Reduction of the film imagery is in progress. 
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STATIC COMPARISON OF ABSOLUTE ALTIMETER DISPLAY DESIGNS 

OBJECTIVE 

The objective of this study is to compare five altimeter designs for pos¬ 
sible use in radar altimeters. 

BACKGROUND 

Many studies have shown that the three pointer altimeter design is far 
from optimum in terms of reading accuracy, a condition which has resulted 
in nionerous near-accidents or accidents. Consequently, many aircraft now 
being produced no longer have three-pointer altimeters but contain various 
pointer altimeters. In addition, many aircraft are now being retrofitted 
with counter drum pointer type altimeters in order to eliminate the three- 
pointer. One area where little information exists is one that concerns 
the use of the counter drum pointer, counter pointer, pointer, circular 
counter and circular counter drum concept for radar altimeters. Cur¬ 
rently, most radar altitude displays use a single pointer with a number of 
scales, which may not be optimum from an information transfer viewpoint. 
The need for AGL information for safe flight has become increasingly 
important for Army aviation in light of the flight envelopes now required 
and the most efficient way of transmitting such information must be sought. 

METUODOLtXîY 

This study will compare, in the static situation, a number of facial de¬ 
signs using the counter drum pointer, counter pointer, pointer, circular 
counter and circular counter drum concepts in radar altimeters. The 
various designs will be compared in terms of reading speed and accuracy. 

STATUS 

The "esults of this investigation have been published in USAARL Report 
No. 74-9 entitled, "Static Evaluation of Absolute Altimeter Display 
Designs." 
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VISUAL PERFORMANCE DURING INCLINE (SLOPE) OPERATIONS 

OBJECT IVE 

The purpose of this research is to provide data on the eye movements of 
aviators performing incline landings. Comparative evaluation of the 
visualrperfoiTrumCe^of pilots on these landings and other flight maneuvers 
will be possible when these data are available. 

BACKGROUND 

The incline landing in a rotary wing aircraft is unique among the man> 
maneuvers which helicopters can perform. Unlike most ^eiati 
where the aviator is constantly scanning his environment scaiJung ^ 
visual information about terrain, aircraft status and relying heavily or 
the visual modality for receiving such information, alter the: judgment has 
been made as to whether an incline is an acceptable landing site, this 
maneuver could be categorized as one in which more importance ^ 
placed on feedback from other sense modalities. indc0f! y ^-'^^indicates 
ation obtained from accomplished aviators concerning this mantuvu indicate. 
that visual information is primarily used for assuring a precise and stu 
tionary heading during touchdown. Because of this maneuver s singulc 
characteristics, its frequent practice both m trainingand in tact au 
operations, and the potentially hazardous consequences of its unsuccessful 
accomplishment, objective information on the Visual processing aspect^ , 
this task is important. Further, the acquisition of these data will allow 
the integration of a complete record of both perceptual and motor aviator 
performance for this unique maneuver. 

METHODOLOGY 

Subiects for this project will be six Amy aviators. Visual performance, 
i.e., eye movements measured by corneal reflection, will be moi^ÍPr0d 
recorded on a video recording system. The windscreen, doors, chin bubbles 
and instrument panels of the test aircraft will be partitioned ^ta sec 
tions. This will permit scoring of the video tapes to provide informât10 
concerning dwell time in each section, total transitions in and out o, 
each section, and the percentage oí time spent in each section. 

STATUS 

These data have been obtained and scored. A report is presently being 

written. 



PERCEPTUAL-MTTOR FACTORS IN STRESS RESISTANT 
HELICOFFER DISPLAY-CONTROL SYSTEMS 

OBJECTIVE 

The objective of this research area is the definition of helicopter 
display control formats which will significantly reduce pilot errors, 
workload and training; minimize the adverse consequences of stress; and 
provide for the orderly introduction into the cockpit on an integrated 
basis of the advanced avionics capabilities that Anny aviation will re¬ 
quire in the future. 

BACKGROUND 

(Conventional helicopter instrumentation is conducive to high rates of 
pilot error and stressful situations greatly increase these pilot error 
tendencies. Future Army aviation operations will be considerably more 
stressful than in the past, due to enemy weapon improvements and conse¬ 
quent requirements for nap-of-the-earth flight. This future environment 
will frequently resiD : in accidents from pilot errors that would have 
been correctable at high altitudes. The fixed wing instrumentation now 
used in helicopters also does not provide the higher control bandwidths 
that arc required, particularly during hovering flight. Instrument flight 
skills in helicopters are difficult to acquire and maintain. 

Addition of complex avionics systems that are necessary' for future oper¬ 
ations seem certain to exceed workload capacity by wide margins if 
conventional unintegrated instrumentation is retained. Displays proposed 
for a number of advanced avionics systems each presume nearly full-time 
pilot attention, the display formats frequently are inefficient in trans¬ 
mitting information, and no common integration constructs are evident for 
reducing the information interpretation load to manageable proportions. 

Helicopter display concepts have been proposed which seem to have potential 
for reducing pilot errors through integration to improve stress resist;mce, 
information transmission capacity, and control bandwidth. These concepts 
need to be assessed in regard to their potential for reducing pilot errors 
and improving performance. 

METHODOLOGY 

A series of individu.il studies will be performed initially to assess crit¬ 
ical individual aspects of the integrated display concepts. If favorable, 
these will be followed by studies to assess display element combinations 
that partially implement the integrated display concepts, which would, in 
turn, be followed by studies to assess and optimize the fully integrated 
display concept. Assessment will focus on pilot error reduction inform¬ 
ation transmission capacity/control bandwidth, stress resistance, and 
pilot workload stress involved in performance. 
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STATUS 

Beginning. 
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GENERAL DETAIL SHEET 

TITLE: Research of Bioengineering Problems Medically Significant to 
Army Aviation 

OBJECTIVE 

Provide to US Army aviation medically pertinent information oerived from 
research of bioengineering problem areas. 

BACKGROUND, METHODOLOGY, STATUS 

Statements concerning the above for this area of research can be found 
on the following pages numbered 85 through 97. 

RECOMMENDATIONS 

It is recommended that research in this area be funded on a continuing 
basis. 
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GENERAL BIOENGINEERING SUPPORT FUNCTION 

OBJECTIVE 

To provide an easily accessible investigatory, educational and con¬ 
sultative function to government agencies in those areas of engineering, 
design, production and evaluation of equipment, systems and sub-systems 
in Army aviation for which a physiologic man-machine interface occurs. 
Inquiries and requests for answers to operational problems are received 
daily that often require literature searches, short experiments, field 
evaluation, in-flight evaluation of aviators undergoing diagnostic work¬ 
ups at the Aeromedical Center, and attendance at equipment IPR's, mate¬ 
rial need (MH) working groups, mock-up reviews, as well as participation 
on multiple national and international scientific groups to include 
American National Standards Institute Committees, National Academy of 
Science, NATO-AGARD Aerospace Medical Panel, Committees or the Aero¬ 
space Medical Associ - ^.ion and others. 

METHODOLOGY 

Consultation service, well-defined experiments, on-site evaluations, 
specification and document reviews, coordination and liaison functions, 
and lecturing are some techniques used to provide practical solutions to 
these operational problems. 

STATUS 

Investigation, redesign and evaluation of ÜH-58 pilot lap belt attach¬ 
ments to prevent failure and injury in survivable accidents. Report in 
press. Presentation of technical film "Testing for Thermal Protection" 
to the 21st International Congress for Aviation and Space Meoicine, 
Munich, Germany, September 1973. Ad hoc appointment to the Interna¬ 
tional Tripartite Ttchnical Coordination Panel and presentation of 
paper, "Operational Stress - Problems of Translating Research to the 
Operational Environment". Conducted bioassay analysis of various flight 
suit fabrics for the Canadian Defense Forces. Division representative 
was appointed as the Army member of the National Material Advisory Board 
Ad hoc Committee on Fire Safety Aspects of Polymeric Materials. OTSG 
representative at the invitation of the project managers to mock-up 
reviews of the advanced attack helicopter, HLH, and UTTAS. Extensive 
lecturing by invitation to Arizona State University, USAAAVS, the Aero¬ 
medical Activity and various Army headquarters. 
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BIODYNAMIC EVALUATION OF PROTECTIVE HEADGEAR 

OBJECTIVE 

Design, develop, validate and keep abreast of current evaluation method¬ 
ologies specifically as they fulfill the needs of Army aviation in 
regard to head protection. 

To determine the potential bump and impact protection provided tne 
wearer by protective helmets. To evaluate the degree to which various 
helmet protective systems meet the technical performance criteria outlined 
in 290.1 safety standards, appropriate MN's and to evaluate the adequacy 
of the existing standards. 

BACKGROUND 

The development, evaluation, quality control, and investigative tech¬ 
niques used in the study of the impact protective aspects of aircrew 
protective headgear is currently being accomplished under contract with 
civilian organizations. Standard test methods currently employed use 
Z90.1 methodology. This methodology is designed for helmets for civil¬ 
ian use, ie., motorcyclist, etc. Until recently there was no responsive 
mil :tary operationally oriented helmet evaluation facility capable of 
making biodynamic physiologic judgments about design, construction, or 
development of aircrew protective headgear. There was no facility 
charged with evaluating biodynamic aspects of head injury causation or 
injury prevention during aircraft crashes. 

METHODOLOGY 

Evaluations are conducted to compare all helmets, available standards, 
and alternate protective systems. The helmet systems are subjected to 
various tests to include bump and impact protection, weight and center 
of gravity determinations, effects of POL products and temperature 
extremes, and retention characteristics in order to make a judgment of 
the relative protective merits of various systems. Coordination and 
liaison have been established with all interested or responsible federal 
and civilian agencies. New designs, fabrication techniques, and standards 
of test are developed and validated. 

STATUS 

Methodologies for helmet retention and impact testing are continually 
being developed. Coordination and liaison have been established with 
all interested or responsible federal and civilian agencies. 

USAARL end item verification evaluation of Standard A CVC helmets 
continues for DA. Improved design and construction have resulted from 
USAARL's input. 
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Publication of USAARL LR 74-28-3-5, Evaluation of the Impact Protection 
Provided by the Parachutists Helmet With and Without a Protective Nape 
Pad, April 1974. 

The triaxial vibration platform has been installed. Final check is 
scheduled for mid July. First experirsnts Involve head-helmet neck 
response to operational vibration. 

Item by Item evaluation of ANSI Z90.1 helmet standard is demonstrating 
that current test and design criteria are in need of change. 

Contractual work has begun with the Engineering School at Auburn Uni¬ 
versity to develop a math-model of the head-neck torso combination 
useful for helmet design work. 

Criteria and design concepts are being validated for an ultra light¬ 
weight aviator's helmet with superior retention and crash attenuating 
characteristics. 

Techniques to isolate the mechanical impedance of in vivo brain and the 
head-neck system as they relate to Impact are being developed. 
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ORTHOPAEDIC VSTÜL AIRCREWMEMBER SEAT DESIGN 

OBJECTIVE 

dicaîÏJ ^ nH ?f-th 4P 0Ject 1S t0 devel°P ând validate an orthopae- 
nfh! £ Í hencopter crew seat that meets or coulr! incorporate all 
nÎîhn hU!ïdn íac^ors’ engineering and crashworthy requirements Goals in 
Ä ^deS19,n T6 t0 r?duce invo^ntary anïigravity müscie activiiî 

of seit ana dyna,lllc (vlhration) conditions through optimization Y 
seat angles and measurements (surfaces) and providing arm lea and 

neck support. Seat-control configuration (angles and adjustments) will 

S5-?SpUr.°Pt1",i2ed “ the extent that ?s possible in^the^current 

BACKGROUND 

thirÍi?rSílPH bet?een the sedt back engle and the preferred lumbar and 
ànâU']l rdSeS were dSSu,l,ptions based on 1 iniited human data, 
w interference between man-model body segments and the seat 

L-STD relationships between the Eye Reference Point (ERP) and '"'eat 
Reference Point (SRP), etc. Until sufficient data are availaSleco 

y what.these relationships should be as well as the 
nr«! ? f the.l,,ajor J°1nts of the human spine in a seated position the 

Sos HÎn? SHmfti0nS Wil1 Suffice- However’ accurate seated ToVut 
P?^ÍIm S! tin aretessentlal to the Cockpit Geometry Evaluation (CGE) 

P W9 RvaS iñ JL Üíher ,i"an',liachine interface studies states 
Rpnnrt Sn doint/rmy-Navy Aircraft Instrumentation Research Final 
Report on Validation of Cockpit Geometry Evaluation, November 1971. 

basp^nSVn^sxn ?í^heai rcrewn,ember t0 the hand and foot controls is 
Th, M?L'^TD 13J3’ Aircrew Station Geometry For Military Aircraft 

lot îakî deîern'1"ing thlS MIL-STD are traceû ba^k to 1959 and do 
take 1ní° consideration certain accepted orthopaedic principles of 

muscleUfdtiQue ll ^ .th,,t thC Uy'n* p0,i‘(0n ^ ^ muscle fatigue, since the pilot must rest his wrist on the distal thiah 
to provide adequate stability for cyclic control. g 

methodology 

The hypothesis to be tested, is that a seat-control configuration incor 
porating orthopaedic principles will decrease antigravity muscle activi 

pS?i L-CtlVUy Wl1 be ,neaSL'red hy dynamic EMG activity and comfort 
e aluation in statu: and three-axis degree freedom vibration conditions 
and compared to the standard Uri-1 seat-control configuration. Data will 

i'*« areas: (') comfjrt, (2) egress time, (3) cushion 
evaluation’ ^ Anthropometry evaluation, (5) seat-control configuration 

ty. 
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STATUS 

A three-axis servohydraullc vibration table is in the process of being 
man-rated. A Spectral Drtamic shock spectrum analyzer and a mechanical 
impedance analyzer have úeen integrated into the system for data collec¬ 
tion. A fine wire dynamic EMG technique has been developed. Prototype 
fully adjustable seat designs have been prepared and are tinder construc¬ 
tion. In-flight triaxial vibration data on Army aircraft is being 
recorded by the Army Flight Test Center, Edwards AFB, and will be used 
to drive the table. Data collection will begin during the second quarter 
of the FY. 



ARMY - AIR FORCE VIBRATION STUDY 

OBJECTIVE 

oÆ.e'Îfn^al'JeÜui1' effeCt 0f he"copter f"9h‘ fining 

Deicrmine the time course of development of changes in the ratio of 

f-ur- înd s1x.sulfate and keratin sulfate in the articular 
surfaces of miniature swine subjected to selected vibrations. 

BACKGROUND 

The effect of vibration as a work hazard effects both military and 

in aniaü^CCU?!t1(??S* Whlle the niilitary aviator experiences vibration 
result«; nfCinÎÎ’t1t ln the helicopter environment. The 

9'term’ ?w fre(luency vibration are not known; however, 
recent studies on animals at Wright-Patterson Air Force Base indicate 
fhrî l!,usc^os^1etaJ changes to the intervertebral disc do take place. 
SwI T;«!0" 0f vari0!!s ‘»“‘'•«ter and frequency effects the muscú- 
loskeletal system in a number of v/.^ys. 

A recent study on 128 pilots disclosed that 87.5% suffered from back 
P? " 9ene¡^al y sometime after 300 hou s of flying time. Pilots with 

rlruíLnt1?« 0k1CLC0nditixn of the sPinal column began to complain of 
ecurrent low back pain after 50 to 100 hours of flying time. The 

C1t!d in th^.study indicates the threshold of appearance 

hours per month5 006 f 165 f°Ur t0 fÍV6 h°UrS Per day’ 40 t0 50 

METHODOLOGY 

Forty Warrant Officer Candidates will be measured with the Norland 
Cameron Bone Mineral Analyzer and spinal x-rays prior to training 

pfStcaniC trai?ees W1l! measured as a control group to compare the 
effects of muscular cond’tiomng and vibration. 

Twenty-Two mature female miniature swine have been acquired. The diet 
is rigidly controlled and representative stool and food samples are 
being collected. USAARL Biochemistry Laboratory is developing a tech¬ 
nique of measuring mucopolysaccharides with infrared spectrophotometry. 

Articular surfaces will be sampled and the change in ratio of the 
mucopolysaccharides measured. 

Scanning electromicroscopy and mass spectroscopy techniques will be 
Li J CU • 



STATUS 

Data collection continues. Helicopter pilots have shown no deminerali¬ 
zation after 30 months. Basic trainees demonstrated significant mineral 
loss after six weeks of basic “boot camp" training. Preliminary results 
published In AGARD-NATO B-14, Conference Proceedings 145, “Vibration, 
Combined Stress and Vibration Systems." Oslo, Norway. Base line and 
control data on the swine Is being collected. Assay techniques are 
being refined. 
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MK-J5 MARTIN BAKER EJECTION SEAT DEVELOPMENT 

OBJECTIVE 

To provide medical monitoring and evaluation of the Grumman MK-J5D 
ejection seat during the various phases of testing and development 
request of TECOM. ^ 

by 

BACKGROUND 

The ejection seat presently being used in the Mohawk aircraft has been 
associated with an unsatisfactory incidence of spinal injuries. A new 
extraction system has been developed during the past 48 months. This 
system is designed to facilitate safe, rapid emergency egress from the 
Mohawk aircraft. 

METHODOLOGY 

Three pilots were selected for their respective sitting heights and x- 
rayed while seated in the improved seat. The distance from the middle 
of the vertebrae to a line paralleling the thrust axis was then measured 
and recoraed. The angle between the vertebrae and thrust axis was 
computed and recorded. 

STATUS 

All engineering acceptance evaluations on the Grumman MK-J5D ejection 
seat system have been completed. After a careful evaluation by USAARL 
it was found that the proposed system was obsolete in respect to the 
mission characteristics of the OV-1 Mohawk and that more advanced 
operational egress systems are available. 

The Aviation Center Team has taken the position, on the basis of the 
operational QV-l (Mohawk) fatality/injury experience 1961-1971 (USAARL 
btaff Study), that the improved MK-J5D system retrofit be halted and 
that a more advanced operational egress system be installed. 

As part of TECOM's limited acceptance testing of the MK-J5D systems an 

°f sP^na^ alignment of seated crewmembers was completed 
with the major finding that the 5th and 95th percentile sitting height 
aviators were more predisposed to spinal fracture than the 40th per- 
centile due *o poor seat design. It was also concluded however, that a 
marked improvement had been made in respect to the Standard MK-J5(A,B) 
ejection seat. 



Publication of the following: 

In ¿spe^S^TíÍig^i"4'0" °f ^ Gn*“" *-J5B ««««" S**» 

Pilot*Eject1wi\R 74’6* "The Effects 0f In1tia1 Spinal Conf19urat1on on 

USAARL has been appointed the lead laboratory for a military potential 
evaluation of the Yankee rocket extraction system. 
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mathematical model of thermal transfer through skin 

OBJECTIVE 

tionship between te.,pereture “nd [¡sïuî d^e $ SlUd’e5 °f t,,e re,a- 

background 

on‘burn production end^tíe^rp^ecUvTíS^ work done 
deal of disagreenent over the interpreta11on°nf'rn* therf is a 9reat 
disagreement arises as a result nf ^et^t10n °f the results. This 
nature of burn production and thp^f 1ncomPlete understanding of the 
in a given envil^St lp^er TtlTJ'' 
involved in burn oroductinn i6 of th® thermodynaimc factors 
able insights into the nature of thJcí Protection should provide valu- 

methods fir testing thenPTproPeîîîP6 We" “ ÍmPr0Ved 

METHODOLOGY 

density, and^earcapacitrísimífatína^"1 •?rameters of conductivity, 
conduction in only one direct on win9hí ,nateria1)? with heat 
not an iterative method of computation win^i^ t0 deterniine whether or 
Furthermore, this program win defprm?n!li 9-Ve accurate answers, 
and distance Aftor ft,«.- determine the increment sizes of time 

progllfwllh-he« co„dudîonaln"tÎ„erHidi'Ve been dete""i"ed a 
skin will be written. The results o/th?!1005 and W-th three layers of 
against burn data as presented hi 5 P^ram will be correlated 
of these correlations will demonstrate reí^tín’ K['°X‘ The results 
and burn production. te relat;ionships between heat input 

STATUS 

dlaÄLJ^SsSrr r1!46" dM'dut- “daa “ pre. 
shortages experienced by this facilite at'thft5^^“' The personnel 
tory to contract a civilian firm to ÎLnÎJ* 6 PromPted the labora- 
Institute of Technology Research în,t?ïP 6te th? WOrk- The I11inois 
February I973. Currentiw ?st1tute completed this work in 
Additional modeling technioues^nd^nH < ^ bein9 reviewed and refined, 
explored. 9 tecnni£>ues and optimization programs are being 
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EVALUATION OF THERMAL PROTECTIVE CLOTHING TESTING METHODS 

OBJECTIVE 

Development of a military standard method utilizing state-of-the-art 
data collection and evaluation procedures for the evaluation of thermal 
protective clothing systems. 

BACKGROUND 

Current textile and clothing flammability testing methodologies do not 
adequately test the completed clothing ensemble. While a number of test 
methods for small pieces of fabric are available and while ensembles 
have been tested" by dragging them through a fire pit, no standard 
method has adequately integrated the principles of textile testing with 
known biological effects of burns. 

METHODOLOGY 

Phase I, a feasibility study of fire simulation in a furnace-like con- 
tainer has been completed and a letter report prepared and accepted. In 
Phase II a study to establish the correlation between physical thermal 
sensors and tissue damage (burns) has been prepared and accepted. In 
Phase II the pig was used as a bioassay substrate agaiist which to 
calibrate the performance of the sensors. A mathematical burn model 
will be developed to quantitatively predict the severity of burns from 
sensor output. Based on the analysis report in Phase I and laboratory 
constraints a thermal source will be designed, built and evaluated. The 
ti nal burn model will be used to evaluate the temperature and heat flux 
data from an instrumented helicopter fire. Predicted escape times 
associated with specific degrees of skin damage will be calculated. 

STATUS 

Phase I is complete although refinements and some redesign in the thermal 
source and shutter system are being explored to increase reproducibility 
of the burns. Phase II data collection and analysis is complete, 
modeling of the biologic data continues. 
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DEVELOPMENT OF A CRASHWORTHY TROOP SEAT FOR THE 
UTILITY TACTICAL TRANSPORT AIRCRAFT SYSTEM (UTTAS) 

OBJECTIVE 

BACKGROUND 

mülwî utilií>' passenger and troop carrying helicopter seats do not 

outíined i^tír^cíash^^^5!3^1-able wUh current technology and as uutnnea in the Crash Survival Design Guide”, Technical Rpnort 7i 59 
xcessive "lorhidity and fatality rates resin duMng the cra'sh sequence 

UH-f This^’irrrlft3!! ^516111 Unïer develoPn,ent as a follow up to the • inis aircraft is programmed to incorporate the latest in 

ÄLer9"n °?e e,ICePti“,’ t0 the OH d«i9íew ‘a r 
flZ^ras thZ Z'"! ? the,neW seat const1'tutcs a »„jo? ZScal 

develop a safe passenge,•‘'sen^fò? Am^h^^íe"9’"“1'1"9 t0 

methodology 

H?lZofZMn,‘inVe,nPment 00000^1 and report, authored by Hr. Joe 

incorporate the lateZZZiXZeZiZtiZe^dZgZ^Z 

S"£S;?r-f“ 
in the USAARL JliH in hoii ^ tu e9ress» ingress and human factors 
Pensacola has S îei^0Pters- Naval Air Rework Facility, 
facing seats fabncated four ^designed forward and four rearward 

STATU, 

Dynamic evaluation in process at CAMI, Oklahoma City, OK 

Publication of the following: 

ProblemslliyS|1|itrIcUS/rniynHelic0pter Accide"ts to Define Impact Injury Problems , UU^sys^Dyn^i^ Jury 
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GENERAL AEROMEDICAL ENGINEERING AND SAFETY SUPPORT FUNCTION 

OBJECTIVE 

USAARLVai!d cons^tative‘ ^view and investigatory capacity to 
intn cafüt î 6 government agencies requesting bioengineering inout 

«at a"d sequencesfasTheylr 

BACKGROUND 

This branch is often asked to review material specifications for mpH 

à9eii?ïf (S^5s:CïSC?endBÎa°rdaCtA;i,ABSC0ê5tc,)atii:sr0,e t0 îmi 

:^iÄT„aeL",Ä^ 
methodology 

h?rm!rhaí¡0ní eva]uation and advice on man's physiologic response to 
his mechanical environment, eg., impact, vibration and crash iniurv 
equence. Conduct research and development programs; provide medical 

crí ° b:0e"9ineerin9 evaluation < id tes iig íí Ar y r ’ 
hSytem and sub-systems- Conduct funda' ¿ntal and applied re¬ 

search, development and evaluation of pru . ive headgear Invp<;tinat0 
rraft^6 ^ ??V1u6 °n the aerodynai11 !cs of fixed and rotary wing air- * 
craft during flight and the crash sequence. y 9 

STATUS 

Evaluation of a prototype competitive CVC helmet for impact protection 
comfort, center of mass and construction. Published USAARL Report 73-’ 
13, Bump Protection Evaluation of the P/N 791 CVC Helmet Mav 73 

iín ÍÂI Í he'r eValuat10n Snhy ?i opera- tional and has been designated a D0U helmet test facility USAARI 
designated lead laboratory for the military potentia eííiuation of the 
Yankee extraction system for the OV-1 airrraff eVtnuaT-10n or the 
way. Other publications include USAARL LR 73-9-3-4 Results'1' fnnrl^" 

Dni2andTfrr:raPon; fTthe of3Heim r ^ 011-152 - T56-6 Helmets, May 73. "Crashworthiness of Light Fixed and 

arttÄ —nitfoT ir^rts 
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RESEARCH AND TECHNOLOGY WORK UNIT SUMMARY 
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H. Terminate 
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Bailey, Robert W., (X)L, CDR 
42ÛS4-- 255-SHE 

JM.J_I 
•• ACSOURICES ESTIMATE 

wTriRiMr 

1» •‘•■TOMMICI atTHOD 
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74 
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«*«• US Army Aeromedical Research Lab' 
Aviation Psychology Division 

‘“••“‘Port Rucker, Alabama 36560 
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1W. . Ml, „ ,, TU) Nkui-Machine Relations; (U) bioengineering; (D) Stress' 
(») Sjmu^jon amLSys_tt1ns; (II) Recording 

Devices; (11) lliuiun Volunteers; (II) Computers 

2a. (II) lo provide US Army aviation information about medical problems lelated to the 
human component of the flight system and variable which affect its performance 

24. (U) The approach will be the acquistion and imj) lenientat ion i f a helicoptei simula-1 

or dedicated to medical research. Areas of medical importance to be explored 
will include the effects that stressors, fatigue and drugs have on performance 

25• 1111 7'\ 74 • togivss lias been reflected by a contract award for purchase of 
a helicopter simulator to be delivered in ten months. I.ffotts in this area 
wili continue and this project is designated as terminated onlv because of a 
landing change. 
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OBJECTIVE 

w mmmmm 

SINtJLATED IN-FLICKT MONITORING SYSTEM (SIMUHIMS) 

To acquire and utilize a helicopter 
relative to aviator performance and 
elude stress, fatigue, drugs, etc. 

BACKGROUND 

simulator which will yield information 
how it is affected by variables to in- 

TTiere exists the need for a helicopter simulator to be dedicated for med- 
^aLïerarCh-• .0118.nceu }s based on the fact that some research, because 

C0nsicieratl0ns» is best carried out through simulation. 
som? research efforts can be carried out in a more cost effective 

manner through simulation. cuccuve 

METHOD 

wlll.5onsist of acquiring a helicopter simulator which will be 
capabie of providing output relative to a number of flight related para¬ 
meters which could be affected by environmental, physiological or psycho¬ 
logical factors. These parameters will include control inputs as Sell as 
subsequent airframe changes. Projected areas of research in which the 
simulator will be employed involve detemining the effects of sleep de- 

fatÏOT^°ÏT1HntüCeticiatlgUef lsolation of biological indicators of this 
fatigue and the effects of various drugs on performance. 

STATUS 

The contract for a helicopter simulator has 
expected in 10 months. 

been let and delivery is 

mm 


