
1

r.

HI S 0 ^

US ARMY AEROMEDICAL RESEARCH LABORATORY 

ANNUAL PROGRESS REPORT, FY 1983

(1 October 1982 - 30 September 1983)

Reported By;
Dudley R. Price, Colonel, MC, SFS 

Commander

uricE'-r:.c;:n
NOV 1 8 1985

mil M
4C ^



llNflI.A.ÇÇ T F T FD_ 
SCCUKITV CLASSIFICATION OF THIS PAGE (T»h«n Om« Enfrad) 

REPORT DOCUMENTATION PAGE READ INSTRUCTIONS 
BEFORE COMPLETING FORM 

1. REPORT NUMBER 

MEDDH 288 (Rl) ww 3. RECIPIENT'S CATALOG NUMBER 

4. TITLE (and Subilila) 

US Army Aeromedical Research Laboratory 
Annual Progress Report, FY 1983 

5. TYPE OF RFPORT A PERIOD COVERED 

Annual Process Report 
(1 Oct 82 - 30 Seo 831 

6. PERFORMING ORG. REPORT NUMBER 

7. Author^ 

Dudley R. Price, COL, MC, SFS 

A. CONTRACT OR GRANT NUMBERC«) 

9. PERFORMING ORGANIZATION NAME AND ADDRESS 

US Army Aeromedical Research 
P.0. Box 577 
Fort Rucker, AL 36362 

laboratory 
10. PROGRAM ELEMENT. PROJECT, TASK 

AREA A WORK UNIT NUMBERS 

Listed on each DD Form 
1498 

II. CONTROLLING OFFICE NAME AND ADDRESS 

US Army Medical Research and Development 
Command 

Ft Detrick, Frederick, MD 21701 

12. REPORT DATE 

October 1983 
13. NUMBER OF PAGES 

150 
U. MONITORING AGENCY NAME A AOORESSOf dlttaranl /not Controlling Olllea) 19. SECURITY CLASS, (ol thla raport) 

Unclassified 
IS«. OECLASSIFICATION/'OOWNGNADING 

SCHEDULE 

<6. DISTRIBUTION STATEMENT (ol tilla Kaport) 

Approved for public release; distribution unlimited. 

17. DISTRIBUTION ST ATEMENT (ol tha abatraet antarad In Block 20, II dlllarant from Raport) 

1« SUPPLEMENTARY NOTES 

If KEY WORDS (Continua on rararaa aida II nacaaaary and Idantlly by block nimbar) 

Annual Progrès Report, FY 83 

20. ABSTRACT rCaothm*a am raaaraa atBa II nmaaamaay atad 

See Reverse 
Idantlly by block nimbar) 

W) * jaÍTts 1^73 EwnoN or » mow «s is obsolete UNCLASSIFIED 
SECURITY CLASSIFICATION OF THIS PAGE fRlMn DM« Enlatad) 



UNCLASS IF I ED 
SECURITY CLASSIFICATION of This PAGE-Win 0*1« gifr»d; 

20. ABSTRACT 

""The annual progress report gives the FY 83 personnel and funding 
strength of the US Army Aeromedical Research Laboratory. It out¬ 
lines the ten scientific programs being pursued by the laboratory. 
Those programs are: visual and auditory impact physiology; audi¬ 
tory effects of blast overpressure; noise hazards of combat vehi¬ 
cles; impact biodynamics of crashworthiness and personnel armor; 
vibration hazards of combat vehicles; crew life support systems 
biotechnology; sensory limitations and man/machine systems; bio¬ 
medical aspects of crew workload, selection, and staffing; anthro¬ 
pometry and ergonomics: criteria for Army aviators; and antidote 
and antidote/agent effects on the visual system. 

UNCLASSIFIED_ 
SECURITY CLASSIFICATION of THIS PAGErWh»" O«»« Enfrmd) 

\ 



Mission Statement 

Accession For 

NTIS GKA&I 
DTIC TAB 
Unannounced 
Justiflcati 

By- 
Dlstr.! lion/ 

Avalla! illty Code3_ 
Avail and/or 

Lpeclal 

Conducts research and development on health hazards of Army 
aviation, tactical combat vehicles, and selected weapon systems. 
Assesses the health hazards from noise, vibration, acceleration 
impact, and visual demands of such systems, and defines measures 
to offset hazards. Assesses stress and fatigue in personnel 
operating these systems and develops countermeasures. Assists 
in development of criteria upon which to base standards for 
entry and retention in Army aviation specialties. Assists other 
US Army Medical Research and Development Command (USAMRDC) labo¬ 
ratories and institutes in research on the bioeffects of laser 
systems, medical defense against chemical agents, impact of con¬ 
tinuous operations on individual and crew performance, and de¬ 
velopment of improved means of patient evacuation. Assesses 
current life support equipment to identify causes of failure 
and devise improved design. Assists the combat developers and 
materiel developers of new Army aviation and tactical combat 
vehicle systems to recognize and eliminate health hazards as 
early as possible in the developmental cycle. Conducts collabo¬ 
rative research with other Department of Defense and other 
Federal agencies on medical research and development issue!, of 
common concern. 

3 



e of Contents 

Introduction . ' 

Management . 9 

Support Divisions. 

Funding. 31 

Contracts. 37 

Personnel. 

Scientific Seminars. 37 

Scientific Programs. 39 

System Health Hazard Program Area. 63 

Sensory Physiology Program . 65 

Hazards of Mechanical Forces Program Area. 69 

Auditory Effects of Blast Overpressure Program . . 71 

Noise Hazards of Combat Vehicles Program . 75 

Impact Biodynamics of Crashworthiness and 
Personnel Armor Program. 79 

Vibration Hazards of Combat Vehicles Program ... 83 

Crew Life Support Systems Biotechnology Program. . 85 

Combat Crew Effectiveness Program Area . 89 

Sensory Limitations of Man-Machine Systems Program 91 

Biomedical Aspects of Crew Workload, Staffing, 
and Selection Program. 95 

Anthropometry and Ergonomics Program: Criteria 
for Army Aviators. 99 

Soldier Chemical Warfare Agent Antidote Program Area. 103 

Antidote and Antidote/Agent Effects on the Visual 
System Program 105 

Technical Participation . 109 

Bibliography.119 

Appendix: Research and Technology Work Unit 
Summaries.125 

5 



i

Sr
f

1^/

COL DUDLEY R. PRICE, COMMANDER

4^ r

LTC J. D. LaMothe, 
Deputy Commander

LTC Roger P. Hula, II 
Executive Officer

•. -• ■. •



Introduction 

Research goals are derived from a thorough review of threat 
information and on-going doctrine development as portrayed in 
Airland Battle 2000 concepts; further impetus is driven by an 
understanding of the recognized Army deficiencies contained in 
the various Mission Area Analysis (MAA). 

The United States Army Aeromedical Research Laboratory was 
established by Department of the Army General Order 39 on 1 Jul 
62, and was implemented by Office of The Surgeon General General 
Order 42 on 4 Oct 62 to accomplish research in support of the 
Army aviation community and airborne activities and to provide 
a central aeromedical research and reference library for the 
Army aviation effort. Additional mission areas were added to 
the .’aboratory in 1974. The laboratory's further expanded mis¬ 
sion now includes the assessment of the medical impact of ad¬ 
vanced armor and artillery weapons systems and other nonmedical 
materiel. 

USAARL is one of nine medical research laboratories of the 
US Army Medical Research and Development Command (USAMRDC), 
Office of The Surgeon General, and is a tenant organization 
located at the US Army Aviation Center (USAAVNC), Fort Rucker, 
Alabama. It is the only medical laboratory designated to deal 
with Army aviation's unique occupational problems. 

In 22 years the laboratory has grown from one building with 
seven personnel to a large, modern facility with 152 people. 
Our growth has been in research, people, and facilities, and 
we're proud of them all. 

Under the direction and guidance of the USAMRDC, USAARL 
moves with the sure steps of maturity and responsibility of a 
firmly established research organization into the 1980s. The 
mission remains, through research, to preserve and enhance the 
health, safety, combat effectiveness, and survivability of the 
soldier. 

This report gives an overview of USAARL during FY 83, iden¬ 
tifies current areas of research, and gives a brief description 
of the research programs. The DD Forms 1498 under which this 
research work is accomplished are contained in the appendix. 

This report is prepared to fulfill the requirements of OTSG 
Regulation 70-31. 
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Management 
* ^ 

Research liaison activities were enhanced significantly 
by establishing an aviation medicine research officer liaison 
position in the Office of the Commander. In January 1983, 
a memorandum of agreement was signed between the Commanding 
Generals of the US Army Aviation Systems Command (AVSCOM) and 
the US Army Medical Research and Development Command (USAMRDC) 
establishing the duty assignment of this liaison officer at 
AVSCOM in St. Louis, MO. In August 1983, MAJ Danny E. Lacy, 
an AMEDD aviator, became the first USAARL liaison officer 
to AVSCOM. He already has made important linkages of medical 
research to aviation systems development. 

Significant improvements in automation management were 
made during FY 83. The laboratory formally designated an 
automation management officer who is responsible for developing 
a long-range automation plan in compliance with applicable 
regulations. Word processing needs and requirements were 
developed, and equipment was placed on order. The laboratory 
word processing plan includes integration of stand-alone word 
processors, electronic typewriters, and a newly-acquired VAX 
11-780 research computer. In addition to those automation 
improvements, coordinating actions were taken with the US 
Army Aeromedical Center (USAAMC) to establish an aviation 
epidemiology data register that will provide an interactive 
automated data base for medical research and for daily opera¬ 
tions of decision makers in the waiver and review process 
at the US Army Aeromedical Activity. 
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During FY83, the laboratory received over 2800 visitors. 
Included were distinguished visitors from Canada, Yugoslavia, 
Great Britain, Federal Republic of Germany, France, Belgium, 
Denmark, The Netherlands, Israel, and Australia. Visits also 
were conducted for the Under Secretary of the Army, the Command¬ 
ing Generals of the Training and Doctrine Command, US Army 
Intelligence and Security Command, III Corps, US Army Aviation 
Center, US Army Test and Evaluation Command, and US Army Medical 
Research and Development Command. 
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Technology Transfei 

Provisions of the Stevenson-Wydler Technology Act of 1980 
(PL96-480) continued to be implemented during FY 83. Represen¬ 
tatives were sent to the Spring Federal Laboratory Consortium 
(FLC) Meeting in Colorado Springs, Colorado, and to meetings 
called bv Department of the Army, held in Washington, DC, in 
November'1982. USAARL’s Office of Research, Technology, and 
Assessment (ORTA) representative attended a meeting in Atlanta 
of the Southeastern Region of the Federal Laboratory Consortium 
and was elected Deputy Director of the Southeast Federal Labora¬ 
tory Consortium. 

More than 75 requests were received by the Scientific 
Information Center for either information or copies of bibliog¬ 
raphies or technical reports. 

Eight scientific seminars were given during FY 83 for the 
purpose of exchange of information. Average attendance was 35 
per seminar, and included both USAARL and non-USAARL personnel. 
A brochure describing USAARL was developed by the Writer-Editor 
to be included as handouts. USAARL provided an exhibit at four 
conferences during FY 83. 
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Support Divisions 

Headquarters 

The headquarters group, in addition to the Commander, 
Deputy Commander, and Executive Officer, consists of the offices 
of the Adjutant/Detachment Commander, the Scientific Informa¬ 
tion Center, and the Resource Management Branch. 

Office of Adjutant/Detachment Commander 

The office of the Adjutant/Detachment Commander provides 
command control over all military personnel to include person¬ 
nel actions, disciplinary actions, billeting, and training. 
This office also coordinates and supervises the administrative 
functions and related office service operations of the USAARL 
headquarters . 

Protocol affairs regarding visitors from lateral and 
higher headquarters are supervised and coordinated by the 
Adjutant/Detachment Commander's office. During FY 83, the 
laboratory received over 2,800 visitors. Included were dis¬ 
tinguished visitors from Canada, Yugos 1 avia, Great Britain, 
Germany, France, Belgium, Denmark, The Netherlands, Israel, 
and Australia. Visits also were conducted for the Under Sec¬ 
retary of the Army, the Commanding Generals of the Training 
and Doctrine Command, US Army Intelligence and Security Command, 
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III Corps, US Army Aviation Center, US Army Test and Evaluation 
Command, and US Army Medical Research and Development Commanc. 

Other services provided were safeguarding of classified 
documents and postal support for the organization, as well 
as support for the laboratory's research flight requirements. 

Resource Management Branch 

The Resource Management Branch provides services in fiscal 
and manpower management, civilian personnel administration, and 
other management programs for the laboratory. 

Sign!!xcant accomplishments in manpower/personnel support 
during FY 83 included reduction of the hiring lag to less 
than one percent. The providing of 189 training experiences 
to laboratory personnel included skills development, professional 
development, and prevention of sexual harassment in the work 
place. An ongoing problem continues in the ability to recruit 
and place qualified applicants for engineering and scientific 
posit ions . 

Intensified management efforts were used to improve fiscal 
management and providing quality financial support to the labora¬ 
tory. Accomplishments in this area were funding for acquisition 
of ~n automated data processing system providing an ADP services 
network throughout the laboratory, funded resources to support 
research mission, acquisition of new and replacement equipment, 
and a significant improvement in the funds obligation rates. 

Scientific Information Center 

sriinti'fi^ClertlflC-Inforlüation Center is the centralized 
scientific iniormation reference repository for the Armv avia- 
scaîch^Th^ï COníe!-ninI aeromedical and life sciences're- 
Fmninviiipnt n SLi^ntltiC Seminars, Cooperative Education, Equal 

I .er.t Opportunity, and Technology Transfer programs also 
are administered from the center. programs also 



The writer-editor’s office continued to provide technical 
editing and writing for technical and laboratory reports, 
well as for articles for publication m open nterature. Public 
and command information was provided and theLw[lter'e5lt:^ * 
fice also provided support for the USAARL exhibit, and assisted 
in research on the history of the laboratory. The writer- 
ediïoï’s office provided the news releases to increase aware¬ 
ness Lid attendance at USAARL's Scientific Seminars. The long 
bulky "USAARL in Review" publication was discarded as promotion 
literature. The writer-editor's office wrote a one-sheet tri¬ 
fold brochure that now is employed as a handout both at tne 
laboratory and for visitors to the USAARL exhibit. 

During FY 83, USAARL became a participant in a number of 
on-line data bases including: 

Defense Research, Development, Test, and Evaluation (RDT5E) 
Diverse Dial-Up On-Line System, the resource for information on 
this type of data. 

Chemical Agent Retrieval System (CARS) provides on¬ 
line to more than 2,000 citations on Soman. 

Chemical Defense Data Base (CDD) provides on-line 
access to more than 5,000 citations in chemical defense and 
biological warfare. 

Optimis - An electronic mail system linking librarians 
from other commands through on-line usage. 

In order to enhance the usefulness of these on-linî systems, 
a dedicated telephone line to Birmingham, Alabama was installed 
along with a Dataphone modem enabling on-line communication to 
be more effective and eliminating line noise that interrupted 
past transmissions. More than 120 searches were completed 
using on-line systems during this fical year. 

\ new bibliography of USAARL Letter and Laboratory Reports 
was completed and eight scientific seminars were held. The 
Chief of the Scientific Information Center was appointed Career 
Program Manager for the Librarian Career Field at Fort Rucker. 
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Research Systems Division 

The Research Systems Division provides laboratorywide sup¬ 
port in the areas of biomedical engineering, data systems and 
instrumentation, computer services, aviation, veterinary medi¬ 
cine, and mathematical and statistical services. During FY 83 
the capability to provide this support increased significantly 
by the acquisition of a VAX-11/780 computer and its related 
hardware/software, and by the rebuilding of the 2-axis of the 
Multi-Axis Vibration System. Other systems were evaluated and 
modified to increase their reliability as measuring devices for 
research projects. Some of these modifications involved the 
Helicopter In-Flight Monitoring System and the Helicopter Opera¬ 
tional Trainer. 

Aviation Branch 

During FY 83 research flights were provided to support the 
On-Board Oxvgen Generator System study which required flving at 
15,000 feet' in the JUH-1H and 25,000 feet in the JU-21G. Other 
studies supported by research flights included night vision 
device studies and chemical defense ensemble studies. Support 
continued for the cockpit anthropometric studies. 

Three new aviators received ground school and flight train¬ 
ing so that they could become part of the support team for avia¬ 
tion research. 

The JUH-1M aircraft was transferred to the US Army Aviation 
Museum at Fort Rucker for static display purposes. The JUH-1M 
was the last flyable UH-1M in the active duty inventory. 

The computer-assisted flying hour management program, insti¬ 
tuted in FY 82, has been a tremendous asset to the laboratorv. 
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It provides aralysis and projection of flying hours and asso¬ 
ciated costs. This ability to project peak flying months makes 
possible a closer management of research and training resources. 

Biomedical Engineering Branch 

Major accomplishments in FY 83 included new sensors, a ter¬ 
minal, and a calibration feature being added to the Helicopter 
In-Flight Monitoring System--Second Generation (HIMS II) to 
increase its reliability as a measuring device of factors affect¬ 
ing aviator performance. An extensive flight program of the 
HIMS II was conducted to check its accuracy. Also, a technical 
report was published to describe the various aspects of the HIMS 
II, and for use as an ooerator's manual. 

In conjunction with the US Army Human Engineering Labora¬ 
tory, data gathering equipment was provided for the assessment 
of tank firing impulses generated by the US Army Tank-Automotive 
Command simulator. Field tests were performed to verify the 
simulator's performance in duplicating actual tank firing mea¬ 
surements . 

Circuitry was designed for the project "Auditory Display of 
Helicopter Flight Instruments." In this study, the bank angle 
and climb r?^e of the helicopter will be transformed into audio 
cues to the pilot. 

Anthropometric dummies for a low altitude parachute drop 
test were instrumented. This test will be conducted at the Yuma 
Proving Grounds in Arizona. 

A computer-operated system to measure and display physio¬ 
logical parameters in the laboratory was set up, modified, and 
checked. Software design was begun to enable interactive control 
of data acquisition and display. 

A four-axis control force loading system was checked for 
operation. Safety interlock components were installed and com¬ 
puter interface cabling for connection to the YAX-11/780 computer 
was designed. 

Design work on an in-flight monitoring system for the U-21 
aircraft was continued. Sensor installation was completed on 
the aircraft and a system enclosure was fabricated under the 
supervision of branch personnel. 

17 
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2. Fabrication, assembly, and modification support to the 
Biomedical Engineering Branch for a new data collection system 
proposed for the near future. 

3. Fabrication of in-Tumentation for the project "Audi¬ 
tory Display of Helicopter r.ight Instruments." 

4. Computer interface cabling and troubleshooting assis¬ 
tance for a four-axis control force loading system. A turn-on 
procedure was written for this system. 

One member of the branch coauthored an article titled "Con 
troller selects active CRT raster line," which was published in 
the magazine Electronics. 

Modeling and Simulation Branch 

USAARL's central automation capability was upgraded signifi¬ 
cantly during the year with the acquisition of a Digital Equip¬ 
ment Corporation VAX-11/780 computer. The central processor, 
one printer, one tape drive, three disk drives, and one terminal 
were delivered in January 1983. Two statistical software pack- 
ayes, Statistical Package tor the Social Sciences (SPSS-X) and 
BKDP, and a scientific data base management system, Scientific 
Information Retrieval/Data Base Managemunt System JSIR/DBMS), 
were delivered in August 1983. Additional software, data acqui¬ 
sition hardware, terminals, printers, and a communications net¬ 
work will be added early in FY 84 to provide on-line interactive 
computer support to all USAARL organizational elements and the 
Army Aeromedical Activity. 

1. Increases the main memory capacitv to 2 M bvtes from 
192 K bytes. 

2. Increases the on-line disk storage capacity to 1,024 M 
bytes from 48 M bytes. 

3. Increases the number of terminal lines to 96 from 27. 

4. Increases the practical number of concurrent users to 
32 from 6. 
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5. Increases the number of terminals to 48 from 17. 

6. Increases the number of terminal printers to 23 from 5. 

Software already purchased or on order for this advanced 
system will provide the following capabilities which were not 
available on the SYSTEMS 85 system: 

1. Full security and file protection through a system of 
passwords, privileges, and access controls. 

2. A convenient control language for file maintenance, 
utility operations, communication with other users, and simple 
applications . 

3. Up-to-date analyses using either the SPSS or BMDP sta¬ 
tistical packages. 

4. Rapid development of SIR/DBMS. 

5. Rapid development of administrative data management 
applications using VAX-11 DATATRIEVE. 

6. Rapid development of computational and processing appli¬ 
cations with either the FORTRAN or BASIC language and a powerful 
symbolic debugger. 

7. Rapid development of data-entry applications using the 
Forms Management System (FMS). 

A 3-hour orientation on the new VAX system was presented to 
all laboratory personnel by the contractor on 18 February 1983. 
Two full days of intensive training will oe given to all VAX 
users by the contractor in January 1984, after the expected com¬ 
pletion date of the laboratorywide terminal network. 

The conversion of existing SYSTEMS 85 programs to the VAX 
system began in February following acceptance of most of the new 
system. This conversion is proceeding concurrently with the 
development of new applic..tions and now is approximately 80¾ com¬ 
plete. The conversion of SYSTEMS 85 data acquisition programs 
which support the Eye-Nac system, the UH-1 simulator, and the 
UH-1 airborne data system (BIMS II) cannot be completed until 
the data acquisition hardware is installed on the VAX computer 
(early FY 84) . 

In addition to the conversion of all active SYSTEMS 85 pro¬ 
grams, 68 new programs were developed on the VAX computer for 
application in the following areas: 
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]. Five programs were developed for two administrative 
applications. One application provides management information 
on long-distance telephone use and the other prepares personnel 
roster and IDA information for entrv into a data base system 
(SIR/DBMS). 

2. Four programs were developed in support of a project to 
study cardiopulmonary functions in Army aviators. Two of'these 
programs acquired and reduced experimental measurements from an 
automated cardiopulmonary function testing machine. Another pro¬ 
gram interactively acquired information from a subject question¬ 
naire, and the final program prepared all the data for entry 
into a data base system (SIR/DBMS) for later retrieval and 
analysis . 

3. Seventeen programs were developed in support of a pro¬ 
ject to study the forces required by aviators in landing a UH-1 
helicopter with and without hydraulics assistance. The functions 
performed include acquiring the data from the HIMS II processor, 
producing summary tables, and formatting the data for four sepa¬ 
rate statistical analyses. 

4. Three programs were developed in support of the life 
support equipment retrieval project (LSERP). From a laboratory 
minicomputer, two programs were used to acquire and validate 
data on helmets recovered from aircraft accidents. The third 
program prepared this data for entry into a data base system 
(SIR/DBMS) for later retrieval and analysis. 

5. Thirteen programs wove developed in support of an 
anthropometric project, a study of the abilities of individuals 
in eight anthropometric groups. These programs were used to 
validate and reduce data from five laboratory measurement de¬ 
vices. Data from two of the devices also were prepared for 
entry into a data base system (SIR/DBMS). 

o. Twenty other minor programs were developed for testing 
laboratory devices, general-purpose utility functions, or to aid 
in the software conversion process. 

'. Six data base applications were developed using SIR/ 
DBMS, the Scientific Information Retrieval Data Base Management 
System. These applications are¬ 

ia) Cardiopulmonary measuremerts and questionnaires. 

(b) Long-distance telephone use information. 

(c) USAARL personnel roster and TDA information. 
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(d) Anthropometric vibration table exertion lata base. 

(e) Life support equipment (helmet) data base. 

Statistical/Mathematical Support 

Statistical/mathematical support provided for ongoing re¬ 
search studies resulted in the reports: "Statistical Results 
for Induced Back Pain Study" (unpublished preliminary report); 
"The Hat Matrix: A Diagnostic Tool for Multiple Linear Regres¬ 
sion" (Letter Report LR-83-3-5-2); "Statistical Interim Report: 
Some Experiment Design Considerations for an Investigation on 
Neck Muscle Stress/Endurance in Helicopter Pilots" (Letter Re¬ 
port LR-83 11-5-3); and "Statistical Interim Report: Statisti¬ 
cal Comparison of Vibration Regimen Between a Standard and a 
German Helicopter Seat for Humans" (Letter Report LR-83-1-5-1). 
This last report formed a basis for results reported in a tech¬ 
nical report "Impact and Vibration Testing of a Modified UH-1 
Crew Seat" (USAARL Report No. 83-10). Statistical support con¬ 
tinued to be provided for a sample survey of hearing loss in US 
Army aviators at Fort Rucker which culminated in a technical 
report summarising the data collected (USAARL Report No. 83-12, 
"Extent of Hearing Loss Among Army Aviators at Fort Rucker, 
Alabama"). 

Considerable effort was expended on the development of a 
mathematical model of neck muscle stress (endurance time versus 
strength exerted) in US Army aviators. This work was done in 
collaboration with Dr. George E. P. Box of the Mathematical Re¬ 
search Center at Madison, WI. He also contributed significantly 
to the work done for the statistical interim report on consider¬ 
ations for an investigation of neck muscle stress. The work on 
the mathematical modeling of neck muscle stress resulted in the 
report "Statistical Interim Report: Some Considérât I ans of a 
Mathematical Model of Neck Muscle Stress in U. S. Army Aviators" 
(in press). 

Approximately 200 hours of statistical/mathematical advice 
or consultation was provided answering questions about statis¬ 
tics/mathematics and reviewing manuscripts and preliminary 
drafts of protocols or study plans. Statistical consultation 
was given to US Army Safety Center personnel on matters concern¬ 
ing the sampling of accident data from the total reports of US 
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Army accidents and the projection of numbers and kinds of US 
Army accidents (time series forecasting). 

Two areas of mathematical statistics research undertaken 
during the year were (1) the use of the measure of kurtosis as 
a means of exploring data to ascertain whether or not samples 
are coming from a contaminated frequency distribution, and (2) 
a review of the literature on the underlying assumptions for 
repeated measures designs. Whenever one'or two of the major 
assumptions are violated, which is frequently the case, errone¬ 
ous conclusions can or may be drawn from the analyses. his 
situation can have an adverse impact on the scientific conclu¬ 
sions made by USAARL scientists. 

Veterinary Medicine Branch 

During FY 
internal growth 
installation of 
procedures and 

83, the animal facilities continued a process of 
and stabilization with the purchase and initial 
various systems designed to automate caretaker 
improve the environment for the animals 

^Yn*rlhn P’:0111^1011 colony of Galago arasaiaaudatus (bush babies) 
hîrrh w ^ a\KinCr!aSeuin Uve births* The ™"ber of live 
irths within the chinchilla production colony also increased 

throughout the year and was accompanied by a significant increase 
in the number of animals weaned. This improved livability can 

fqri i tf lbUtadi-wireCtly t0 the stabilized environment of the new 
facility and the concurrent reduction of diseases. The cat col¬ 
ony experienced no disease outbreaks during the year This 
absence of disease has resulted in a healthy stableanimai 
population for research. neairny, stable animal 

Plans were submitted to modify the existing vivarium to con- 
solídate all animal care facilities, i.e., surgerv “Ornent 
necropsy etc., under one roof. Completion of the’modification 

1 fipç,11 ^n?tallatlon of various automated animal care systems 
will result in state-of-the-art animal facilities. 7 
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Technical and Logistical 
Services Division 

The Technical and Logistical Services Division (TL5S) con¬ 
tinued to provide total support to the laboratory through 
scientific arts, laboratory crafts, facilities engineering and 
maintenance, equipment maintenance, supply and acquisition, and 
property management. The division provides support to the lab¬ 
oratory and its research mission by planning, coordinating and 
implementing the technical, logistical, and maintenance programs 
required. v 6 

Scientific Arts 

Scientific Arts provides scientific and technical photo¬ 
graphy, medical and scientific illustration, engineering draft¬ 
ing, motion picture data collecting and documentation, and re¬ 
lated audiovisual services for all USAARL research functions. 
The supervisory photographer has been designated as Audiovisual 
Management Officer for USAARL and has designed a state-of-the- 
art projector and sound system for scientific presentations con- 
ducted in the 1aboratory's lecture room. An unusual feature of 
iis section is that each person assigned to a project becomes 

totaliy involved with the project by becoming a team member and 
working directly with the project officer. 

Kith the use of automatic processing equipment, all re¬ 
search photographic support has been provided by only two full¬ 
time employees. Many illustration and drafting hours were saved 
ny the use of researcher-submitted computer data. Work is con¬ 
tinuing on preparing a data base for rapid retrieval of scien¬ 
tific arts data for reprint, duplication and/or modification. 
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This branch produced 13,503 units of still photo work, 
12,800 feet of motion picture footage, and 1,190 units of 
graphic arts work. These figures encompass the 764 work orders 
completed duri'.g the fiscal year. 

Property Management 

This section acquires and maintains control of all expend¬ 
able and nonexpendable supplies for USAARL through checks, 
labeling and hand receipts of all incoming equipment required 
in support of the laboratory’s mission. It is responsible for 
all equipment authorizations including tables of distribution 
and allowances (TDA), common tables of allowances (CTA), letters 
of authorization, etc. Property management monitors the excess 
equipment program, turn-in of equipment, and other equipment 
losses or gains, and insures that durable supplies are handled 
in an efficient and cost effective manner. References and prop¬ 
erty management services are provided to all laboratory per¬ 
sonnel . 

Ending FY 83, the value of the property book was $12,284,603. 
This included 3,055 lines with 5,367 items. Command emphasis 
on property accountability was evidenced by the increased aware¬ 
ness of hand receipt holders of their responsibilities in safe¬ 
guarding government property. This was stressed greatly during 
the year. 

A significant element of the FY 83 Command Supply Inspection 
and a Department of the Army (DA) area of special interest was 
verification of the property account inventory accuracy, which 
again was determined to be 100 percent. This is the second con¬ 
secutive year that the laboratory has achieved a 100 percent 
inventory accuracy rate. Another significant element of the 
inspection revealed that all known loans have been properly 
approved and documented. Management of loans has been central¬ 
ized in the property management office so that prompt action 
may be taken to renew the loan or recover the property as the 
loan expires. 
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Maintenance 

Maintenance personnel provide maintenance, repair, and cal¬ 
ibration of all nonfacility equipment in the laboratory. Per¬ 
formance ot maintenance is provided in one or more of the follow¬ 
ing: In-house support, post intraservice contracts, one-time 
support contracts or continuing service contracts. This branch 
maintains historical data on all equipment, monitors items under 
the Army Warranty Program, and provides technical information 
needed for new procurement. Branch personnel have the technical 
knowledge of laboratory equipment, as well as being knowledge¬ 
able of how the equipment relates to the research efforts. 

Despite reduced personnel strength, the branch has managed 
to maintain the same high level of support as in previous years. 
A quality assurance program, as well as a new SOP, was intro¬ 
duced by the branch. A most significant achievement by mainte¬ 
nance personnel was the consolidation of service contracts to 
better monitor agreements to assure proper performance of ser¬ 
vice. Redirection of this branch to better support USAARL's 
completion and publishing of an internal SOP will avoid past 
problems and provide a better working document describing the 
overall activities of the branch. 

Facilities Management 

The Building Engineer monitors all of the facility's main¬ 
tenance planning and new construction. He assists in the ap¬ 
proval, planning, designing, and modification of facilities 
changes. The supervision and inspection of the building main¬ 
tenance and custodial contract also is accomplished from this 
office. FY 83 was the first full year of facilities contract 
maintenance where contractors provided outstanding work under the 
guidance of the Building Engineer. This was a first-ever type of 
service agreement at Fort Rucker. Representatives of this office 
have supervised the correction of many construction deficiencies 
and malfunctions during FY 83, as well as installation of a 265 
KVA emergency generator, an air compressor, and modification of a 
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chemical defense laboratory to comply with security requirements 
for the Chemical Defense Project. Presently, work is being plan¬ 
ned to contract for construction of a testing facility, and plans 
are being made to house the remaining part of the acoustics faci¬ 
lity, which is now located in the old hospital area. 

Laboratory Crafts 

Laboratory Crafts Branch plans, designs, and fabricates 
intricate, and commercially unavailable and special scientific 
equipment, tools, and fixtures to meet specific research project 
demands. Its personnel are technically proficient in identify¬ 
ing and understanding the researchers' needs. 

During FY 83, the Laboratory Crafts Branch completed moving 
material and supplies from the shop storage building at the old 
laboratory site to the new facility enabling the contractor to 
move the storage building to its new site. 

Shop personnel continued their support by fabricating items 
necessary to meet the research needs. Among the items requiring 
special work were components for the HIMS, components for oxygen 
studies, modifications to equipment in support of the stress 
studies, target support units, as well as many small modifica¬ 
tions and fabrication work requests. A major effort was the 
completion of a one-of-a-kind shock tube to be used for acous¬ 
tical experiments. Involving much planning and design, this 
project required over 500 man-hours to complete. 

A 21 percent increase in completed work orders was achieved 
over FY 82 involving 341 completed work orders. Time expended 
per work order ranged from .5 to 75.5 man-hours. 



Supply 

The Supply Branch prepares and submits purchase orders for 
nonstandard supplies and equipment with proper authorization and 
justification as well as requesting, sorting, and issuing all 
standard and nonstandard supplies. This branch acts as the 
technical liaison between researchers and the Fort Rucker pro¬ 
curement office for establishing high dollar contracts to sup¬ 
port the USAARL research mission. The researcher is assisted by 
supply personnel in composing justification for purchasing 
equipment and supplies. The Mission Support Supply Account, the 
tormal account that allows for bypass of standard procedures, 
also is managed by the Supply Branch. Supply operates a self- 
service account and maintains and conducts searches utilizing 
modern literature, catalogs and supply regulations. From the 
warehouse area, expendable supplies may be acquired, as well as 
other small items requested. Large and heavy items are de- 
ivered to the division by transportation and personnel provided 

by the Sluppiy Branch. During FY 83. 963 purchase requests were 
suomitted, of which a large percentage required special handling, 
A major accomplishment for the Supply Branch was the develop- 
ment and implementation of a new tracking system for providing 
immediate and up-to-date status on all supply items over $3,000 

The realignment and new SOP for incoming products aligns 
the Supply Branch's formal account with the traditional opera¬ 
tion of a formal account and separates all actions that have 
caused confusion with past performance. There now exists a 
clear definition of supply, property, receiving, storing, and 
transportation duties and responsibilities. 
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PROGRAM FUNDING FY-81-82-83 
(Thousands of Dollars) 

FY Yoor 6.1 Rosoorch 
6.2 

Dovolopmont 

6.5 
Monogomont 

Support 
Roimbursablo Total 

81 713.0 2607.0 49.0 615.0 3984.0 

82 850.0 3985.0 181.0 263.9 5279.9 

83 833.0 4736.0 303.0 73.5 5945.5 
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Funding 

Customer-Funded Projects 

Customer-funded research projects are complementary to our 
established scientific research programs. Each research labora¬ 
tory has specific research expertise that can be utilized by 
designers and developers that do not possess the manpower or ex¬ 
pertise to accomplish the research. USAARL performs the research, 
accumulates the data, and prepares the written report. This 
allows us to increase our scientific data base and to supply the 
information needed by the designers and developers. 

There were nine customer-funded projects in FY 83; one 
carried forward from FY 81, four carried forward from FY 82, and 
four are new ones. The projects, funding agency, and a brief 
progress report are given. 

Title: Night Vision Goggles Attitude Display Concept Evalu¬ 
ation Program, Phase II 

FUNDED BY: Directorate of Combat Developments 

INVESTIGATORS: Bruce E. Hamilton and Ronald R. Simmons 

Objectives: A Letter of Agreement (LOA) committed the Naval 
Air Systems Command and USAARL to conduct joint research, funded 
by the Directorate of Combat Developments (DCD), on a heads-up- 
display with dynamic attitude indicator, integrated with night 
vision goggles. The research will evaluate the effectiveness of 
new display technology and focus upon determining whether or not 
the heads-úp-display could be used effectively by pilots. Crucial 
to this evaluation is the quantitative documentation of changes 
in pilot workload as a function of the heads-up-display when 
used in various flight environments. 
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Progress: Flight testing has been finished and final re¬ 
port has been prepared to forward to Directorate of Combat 
Developments. 

Title: Measurement of Head and Chest Accelerations of Tank 
Gunner During Gun Firing 

FUNDED BY: Naval Surface Weapons Center, 
Dahlgren, VA; Human Engineering Lab¬ 
oratory (HEL), Aberdeen Proving 
Ground, MD 

INVESTIGATORS: Ted Hundley, James A. Lewis, and 
Donald C. Schneider 

Objective: To measure the head and chest accelerations im¬ 
posed on the gunner during the firing of the tank gun. This 
iniormation is needed to support the design requirements for the 
Mobile Protected Weapons System/Mobile Protected Gun program. 
There is some concern about the ability of the tank gunner to 
perform effectively when subjected to the recoil of the large 
caliber guns mounted on lightweight air-mobile tanks. A program 
has been initiated by HEL in concert with the Marine Corps and 
Navy to investigate the problem. 

Progress: The head/chest acceleration data, as measured in 
dummies and live subjects, has been analyzed and a draft report 
completed. The report shows that peak acceleration values (up t 
12g) were tolerated by a volunteer with no adverse effects. 
Based on the limited research data available, as gleaned from a 
literature search, this acceleration does not exceed human toler 
anee for one single impact, but no conclusion can be reached as 
to the effects of repeated exposure, either to the sequencing, 
total number, or frequency of exposure. Boxing studies imply 
that subinjurious impacts have a cumulative injurious effect. 
Follow-on test instrumentation work has been suspended while 
awaiting further guidance; from HEL regarding future test dates 
at the Tank Command. Th'.-' experimental test pulse to have been 
employed during the research will have to be reconstituted and 
verified at that facility. Additionally, their ride simulator 
will have to undergo a "man-rating" evaluation to permit it to 
be used with human subjects in conducting the research. 

Title: Development of a Test Method for Evaluating the 
Effectiveness of Helmet Retention Systems 

FUNDED BY: Naval Air Development Center, 
Warminster, PA 
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INVESTIGATORS: Ted Hundley and Joe Haley 

Objective: Helmet loss during ejection and parachute open¬ 
ing continues to be a problem for the U.S. Navy. Current helmet 
retention system tests are not adequate for evaluation of their 
flight helmets. They have requested that we provide dynamic 
test criteria suitable for the qualification of helmet retention 
systems to be used in an ejection seat or crash environment. 

Progress: All test equipment has been obtained and modified. 
In addition, four preliminary tests have been conducted, but 
film analysis is not yet completed. The modified Department of 
Transportation test device shows promise as an adequate, repeat- 
able test method. 

Title: Concept Evaluation Program Test of the Program of 
Instruction for the Pilot Night Vision System (PNVS) 
in a Surrogate Aircraft 

FUNDED BY: U.S. Army Aviation Board, Fort 
Rucker, AL 

INVESTIGATOR: William E. McLean 

Objective: To monitor the Integrated Helmet and Display 
Sighting System (IHADSS) to determine problems with proper fit 
and alignment and individual adaptability to PNVS. The questions 
concerning eye dominance and visual suppression of successful 
operators of this unique monocular system will be investigated. 

Progress: Flight tests have been completed for four classes 
ot four students each, and the project has been terminated. The 
visual data on each student was given to the U.S. Army Aviation 
Board for regression analysis. Preliminary results show eye 
dominance, astigmatism, and spectacle wear as major contributing 
factors for predicting the time to complete PNVS training. 

Title: Acoustic Evaluation of Samples of Helmet Compatible 
Communication/Aural Protective System (HCCAPS) 

FUNDED BY: U.S. Army Natick Research and Devel¬ 
opment Command, Natick, MA 

INVESTIGATOR: Ben T. Mozo 

Objective: Determine the electro-acoustic characteristics 
of the "talk-through" circuit and the hearing protective charac¬ 
teristics of the muff system, to include distortion frequency 
response and acoustic output using device in combination with 
insert protection 
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Progress- The remainder oJ the HCCAPS versions were received 
in August 1983 for evaluation. Results of real-ear attenuation 
testing indicate significant problems exist with the prototype 
systems. An investigation of the systems indicates the ear seal/ 
earphone retainer design is the main contributor to inadequate 
attenuation at the low frequencies. The contractor currently is 
working on a new design which should be available for evaluation 
during first quarter FY 84. The Type I production system 
delivery is expected in early first quarter FY 84. An evaluation 
of this version should validate the design of this production 
model. Further work on Types II, III, IV, and V should be post¬ 
poned until the ear seal/earphone retainer system is finalized. 

Title: Calibration of Headsets for Weaponeer Training Device 

FUNDED BY: Naval Training Center, Orlando, FL 

INVESTIGATOR: Ben T. Mozo 

Objective: Determine the frequency response and sensitivity 
of the headsets. 

Progress: Thirty headsets were received in September 1983. 
Ihe instrumentation required for these tests has been assembled 
and calibrated. The headsets are in the process of being cali¬ 
brated. Preliminary data indicate these headsets are similar to 
previous devices which were calibrated by this laboratory. The 
remaining 70 devices should be delivered during December 1983. 

Title-' Instrumented Anthropomorphic Dummies for Airdrop 
Testing 

FUNDED BY: Yuma Proving Ground, Yuma, A2 

INVESTIGATOR: Roy Maday 

Objective- To monitor the Test and Evaluation Command para¬ 
chute test to determine the potential for injury for jumps in 
excess of 200 knots airspeed. 

Progress: The three articulated dummies were instrumented 
and shipped to Yuma Proving Ground for the tests. The drop tests 
have been delayed due to nonavailability of other parachute 
equipment. Tests are currently planned for third quarter FY 84. 
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Title: Optical Evaluation of Three XM-40 and One 3-10 
Protective Masks 

FUNDED BY: U.S. Army Chemical Research and 
Development Center, Aberdeen Proving 
Ground, MD 

INVESTIGATORS: Clarence E. Rash and William E. McLean 

Objective. lo optically evaluate four candidate protective 
masks in the testing areas of prismatic power, spherical and 
cylindrical refractive power, haze, spectral transmission, pho- 
topic transmission, distortion, and visual field. 

Progress- Project was completed and results have been pub¬ 
lished in USAARL Letter Reports, LR-83-9-2-6 and LR-83-10-2-7. 

Title: Evaluation of Protective Characteristics of SPH-4 
Helmet Against Criteria 

FUNDED BY: U.S. Army Natick Research and Devel¬ 
opment Laboratories, Natick, MA 

INVESTIGATORS: Joe Haley and Roy Maday 

Objective: To conduct an assessment of the protective 
characteristics of the modified SPH-4 helmet against criteria 
set forth in MIL-H-43925. 

Progress: Helmets have been received and have bftn tested 
lor impact protection and retention. One extra large size helmet 
remains to be evaluated. Report will be written as .coon as this 
helmet is tested. 
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Contracts 

The comprehensive extramural contract program contributes to 
USAARL's established scientific programs. Thirty-six research 
proposals were submitted for review by this laboratory in FY 83. 
Of these, 21 were favorably recommended for funding. Three have 
received funding, and five more have been approved for funding 
during the first quarter of FY 84. 

Title: Hearing Protection Against Low Frequency Weapon Noise 

CONTRACT NO. DAMD 17-82-C-2105 

CONTRACTOR: Auburn University, Auburn, AL 

INVESTIGATOR: R. M. Broughton, Jr. 

Objective*’ The objective of this research is to discover 
what material properties are responsible for noise attenuation 
in foam earplugs. Recommendations should then be possible for 
materials and construction of an improved earplug. 

Progress: Data collection and analysis of parameters which 
effect attenuation of foam earplugs have been completed. The 
report is in progress, with expected completion in December 1983. 

Title: Development of Auditory Localization Test Procedure 

CONTRACT NO. DAMD-17-80-0131 

CONTRACTOR: Florida State University, Tallahassee, 
FL 
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INVESTIGATOR: L. F. Elfner 

Objective^ Current military weapons, such as the M198, VIPER, 
and M109, produce blast overpressures which require combinations 
of hearing protectors. The contractor will develop methods to 
determine the effects of these protectors on the ability ot 
soldiers to localité sounds. The localization of sound is con¬ 
sidered essential to safety and operational effectiveness. Results 
of this study will have direct implica-ions for improved protector 
design and provide a methodology to be used throughout the devel¬ 
opment of future hearing protective devices for use around Army 
weapons. 

Progress : Preliminary analyses of impulse measures made after 
corrections indicate that'the effective reduction of reflected 
energy by the chamber walls is marginal at best. The completed 
rotating boom has been installed in the anechoic chamber. The 
boom control system is operational and has been interfaced to the 
laboratory computer system. It has been found that with broad¬ 
band signals, insufficient energy is radiated from the boom 
speaker to overcome attenuation by passive hearing protectors. 
Narrow band signals can be generated with sufficient energy. 

Title: Evaluation of Inner Ears for Loss of 
Sensory Cells 

CONTRACT NO, 

CONTRACTOR: 

DAMD 17-80-C-0109 

University of Texas at Dallas, 
Richardson, TX 

INVESTIGATOR: R. P. Hamernik 

Objective: To determine extent of damage to the cochlea 
from noise exposure. 

Progress: Processing of cochleas received from USAARL during 
FY 83 has been completed. Reduced level of effort at USAARL has 
resulted in reduced activity by the contractor. An extension ot 
the time without funding has been negotiated to allow completion 
of the work. 

Title: Statistical Analysis of Helicopter Pilot Performance 
During Instrument Flight Across Repeated Flights 

CONTRACT NO. 

CONTRACTOR : 

DAMD 17-81-C-1174 

Jacksonville State University, 
Jacksonville, AL 
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INVESTIGATOR: Gary Yunker 

Objective: Flight commanders must have as much information 
as possible concerning the length of time that helicopter pilots 
can saiely and successfully fly during extended operations, 
examination of pilot performance data during simulated extended 
operations along with concurrent visual performance data will 
acilitate a description of the total primary workload of aviators 
uring IFR conditions and will allow an assessment of anv degra¬ 

dation of performance which may occur. 

u^î"°®reuS’ factor analyses of dependent measures of aircraft 
Stj havc been Perf°rmed* The research has been completed 
and findings are being prepared for submission. 

Title: Blast Trauma: The Effects on Hearing 

CONTRACT NO. DAMD 17-80-C-0133 

CONTRACTOR: University of Texas at Dallas, 
Dallas, TX 

IN\ESTIGATOR: R. p. Hamernik 

Objective: ¡he objective of this study is to extend our 
basic knowledge of the nature of injury to the hearing receptors 
resulting from exposure to impulsive sounds (blast overpressure). 
Army weapons systems produce impulse noise which may be hazardous 
o hearing. The results of this study will contribute to the 

current data base by providing information about the nature of 
the injury. 

rogress. Contract is completed and final report submitted. 
Audiometric, physiological, and anatomical measurements were 
obtained from chinchillas that were exposed to impulses of 
155-160 dB peak sound pressure level. The traumatic effects of 
1 ler^xP°'^re, were quite variable; some animals essentially were 
unaffected while others showed large thresholds shifts and 
significant hair cell losses. At frequencies where the exposure 
caused a hearing loss, there was also a loss of frequency selec¬ 
tivity as determined by either evoked response or psychophysical 
tuning curves (PTC). Damage to the cochlea as a result of 
exposure to blast has been thought to result from direct me¬ 
chanical damage to the tissue as well as to the subtle damage 
resulting from metabolic depletion. Direct mechanical damage 
to the cochlea (e.g., tearing and ripping cf the organ of Corti 
trom the basilar membrane) was shown to occur immediately after 
impulse noise exposure. 
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Title: Cochlear Microphonie Pesponse to Low Frequency Noise 

CONTRACT NO. DAMD 17-78-C-8067 

CONTRACTOR: University of Florida, Gainesville, FL 

INVESTIGATOR: D. C. Teas 

Objective: x0 determine the mechanisms of high frequency 
hearing loss from low frequency noise. 

Progress: Recent data have shown that the high-intensity, 
low-frequency noise stimulation induces discharges in auditory 
nerve fibers due to multiple stimulating events. That is, both 
the displacement and the velocity of the displacement produce 
discharges. Velocity and displacement components of the stimulus 
were associated directly with the different discharges seen in 
the recordings from the auditory nerve fibers. The research 
studies have been completed and the final report is in process. 

Title: Neck Muscle Endurance and Fatigue as a Function of 
Helmet Loading: The Definitive Mathematical Model 

CONTRACT NO. DAMD 17-80-C-0089 

CONTRACTOR: Wright State University, Dayton, OH 

INVESTIGATOR: C. A. Phillips 

Objective: To provide objective data to complete the pre¬ 
dictive model which USAARL can use in writing specifications for 
helmet weight and center of gravity placement. Such data will 
help minimize helmet development cost and maximize efficiency in 
the wearer of protective headgear by reducing helmet induced 
fatigue . 

Progress: There is no clear correlation between maximal 
voluntary neck muscle endurance time and helmet weight for 
center-high and center-low center of gravity configurations. 
With a standard helmet weight (3.2 lbs), the forward-low or 
lateral - right-low center of gravity configurations show large 
endurance times for the lateral contraction mode, while with 
higher weights (5 lbs and 9 lbs) the endurance time is signifi¬ 
cantly reduced. Amplitude of electromyographic (EMG) signals 
recorded from surface electrodes continuously increases for 
all fatiguing contractions tested, while the center frequency 
for the EMG power spectrum continuously decreases. There is a 
pronounced increase in blood pressure and heart rate during 
isometric contractions of neck muscles. The RMS amplitude of 
the EMG as an index of isometric strength recovery appears to 
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be h.ghly variable lor both the forward and lateral contraction 
modes, helmet center of gravity, and helmet weight. An addi¬ 
tional subject pool has been recruited and final testing is 
well underway. Preliminary development of a multiple linear 
regression mathematical model has begun. 

Title. The Effect of Helicopter Vibration on the Spinal 
System 

CONTRACT NO. DAMD 17-82-C-2153 

CONTRACTOR: University of Vermont, Burlington, VT 

INVESTIGATOR: M. D. Pope 

.... Objectives. To measure volunteer response to three-axes of 
Uh-i neiioopter vibration in age-matched females and males. To 
establish the relationships between vibration posture and possible 
causes of low back pain in the Army rotary-wing aviator. 

Progress: Using a UH-1 helicopter cockpit simulator, the 
electromyographic (EMG) response of the erector spinae muscula¬ 
ture was monitored while volunteers maintained a standard aviator 
posture in a static (nonvibrating) mode. As the back muscles 
cCcimc fatiguedf the RMS amplitude of the EMG activity increased 

v\hile the center frequency of the EMG power spectrum decreased. 
Unset, intensity, and duration of any low back pain was recorded 
a v°j s^atlc Tests are near completion and vibration studies are 
sci.eduled to begin in first quarter FY 84. 

Title: Characterization of the Photoreceptor Population in 
the Retina of the Bushbaby 

CONTRACT NO. 

CONTRACTOR : 

INVESTIGATOR: 

DAMD 17-83-C-3066 

University of Florida, Gainesville, FL 

G. M. Hope 

Objectives. To qualitatively and quantitatively analyze the 
photoreceptor population of the bushbaby, Galago crassicaúdatus. 
To determine the kind of photoreceptors present, affinity diff 
ferences between photoreceptors to different histochemistry 
techniques, and ultrastructural differences between receptor 
cells. To conduct a morphometric assessment of photoreceptor 
densities and distributions across retina. To perform a 
detailed ultrastructural analysis of photoreceptors. 
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Progress: Work continued on the general electron micro- 
scopic (.£MJ and light microscopic (LM) evaluations, quantifica- 
tion ot the photoreceptor population at these levels and the 
initiation of two of the selective labeling experiments. The 
quantitative work is proceeding at a satisfactory pace. The 
qualitative EM and LM observations have been consistent with 
initial impressions. Have been unable to find photoreceptors 
aving outer segment configurations which are convincingly 

cone-like. This may be an indication of infrequency of 
occurrence of cones or may reflect a unique feature of the 
photoreceptors presumed to be cones based on synaptic terminal/ 
nuclear configuration and/or results of procion yellow staining, 
iwo additional Galago eyes for general quantitative and quali¬ 
tative EM currently are being processed. Initial selective 
marking experiments have provided mixed results. 

Title: The Effects of Blast Trauma (Impulse Noise) on 
Hearing: A Parametric Study 

CONTRACT NO. DAMD 17-83-G-9555 

CONTRACTOR: University of Texas at Dallas, 
Dallas, TX 

INVESTIGATOR: R. P. Hamernik 

Objective: The objective of this study is to extend the bio¬ 
logical data base relating parameters of impulse noise to 
auditory injury. 

Progress. New contract; no progress report to date. 

Title-' The Personal Monitor and Communicator: An Electronic 
Dogtag 

CONTRACT NO. DAMD 17-83-G-9559 

CONTRACTOR: Purdue University, West Lafayette, IN 

INVESTIGATOR: W. A. Tacker 

Objective. To develop a personal medical monitor for the 
soldier which would be worn much like a wristwatch or dogtag and 
could (1) acquire vital signs, (2) acquire environmental data, 
(j) carry medical history, and (4) transmit information to com¬ 
mand headquarters. The device would be used in the field for 
(1) triage by medics (both under conventional and integrated 
battlefield conditions, (2) monitoring during evacuation, (3) 
battalion aid station and field hospital monitoring, 



(4) monitoring chemical and radiation exposure, (5) transmitting 
the data given in items 1 through 4, and (6) locating the 
wearer(s). 

Progress: New grant; no progress report to date. 
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PERSONNEL STRENGTH 

CIVILIAN CO-OP STUDENT 
FY 81 OFFICER WO EM PERM/TEMP STUDENT AIDES TOTAL 

AUTHORIZED 12 150 

ACTUAL 148 

FY 82 

AUTHORIZED 31 

ACTUAL 29 

47 62 

54 60 

12 

10 

152 

159 

FY 83 

AUTHOnZED 31 

ACTUAL 30 

1 

1 

47 66 

46 61 

12 

7 

157 

150 

Includes one Navy Officer 
“Includes one Air Force Sergeant 
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Personne 1 

The educational and skill levels of the laboratory's 
assigned personnel continually are increasing. These increases 
come through assignment of highly-qualified new personnel, 
completion of some long-term educational goals by others, 
and through the initiative and personal determination of those 
who pursue studies after duty hours. 

Training is a vital element in maintaining and improving 
the proficiency of assigned personnel. Forty-three military 
and 146 civilian USAARL employees received training and pro¬ 
fessional development courses during FY 83. In addition, such 
training experiences as professional conferences, seminars, 
and short courses benefited 35 people. 

Earned among the laboratory's professional personnel 
are 26 doctorate, 19 master, and 26 bachelor degrees. 

Mandatory training requirements were met by all military 
personnel. In the skills qualification testing for FY 83, 
USAARL military personnel had a 98 percent pass rate. 

Six persons reenlisted or extended their enlistments for 
à total of 27 years. 

PERSONNEL 

_Category_ 

Professional 

Scientists (46) 

Engineers ( 6) 

Other ( 6) 

Skilled Technicians 

Administrative 

Clerical 

TOTAL 

BY CATEGORY 

Authorized 

58 

61 

10 

_u_ 

161 
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Personnel Achievements 

Civilian Awards 

Certificate of Achievement 

Sustained Superior Performance Award 

Exceptional Performance 

Quality Step Increase 

Military Awards 

Legion of Merit 

Meritorious Service Medal 

Army Commendation Medal 

Army Achievement Medal 

Promot ions 

Military 

Officers 

Enlisted Personnel 

Civilians 

Permanent 

Temporary 

Co-Op Students 

Special Recognition 

USAARL Soldier of the Year 

Award of the "A" Professional 
Designator 

30 

1 

2 

3 

10 

4 

5 

16 

9 

5 

3 

3P4 John R. Hughel II 

LTC Roger W. Wiley (Ret.) 
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Civilian TDY Training 

COURSE TITLE 
RACE SEX 

Black White Hispanic Male female" 
Site 

Accelerated Reading 

Office Management 

Management of the Scientific 
and Engineering Organization 

Federal Women's Program 
Workshop 

Effective Briefing Techniques 1 

Government Property Admin¬ 
istration 

Basic Statistics 

Joint Travel Regulations - 
Volume II 

FEW 14th National Training 
Program 

Human Factors Engineering 
Advanced Concepts Course 

Computer Graphics 

Limited Budget Graphics 

Planning, Programming and 
Budgeting 

Long Term Training for 
Professional Staff 
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Atlanta, 
Georgia 

At lanta, 
Georgia 

Augusta, 
Georgia 

Atlanta, 
Georgia 

Atlanta, 
Georgia 

Arlington, 
Virginia 

Atlanta , 
Georgia 

Atlanta, 
Georgia 

1 Hawaii 

Ann Arbor, 
1 Michigan 

Washington, 
D.C. 

Washington, 
D.C. 

Fort Benjamin 
Harrison, 

1 Indiana 

Long Term 

. 



Site _RACE SEX 
_COURSE TITLE_Black white Hispanic Male female 

Measurement Uncertainty at 
the Instrument Society of Raleigh, 
American Training Center 1 1 N.C. 

Scientific Info Retrieval 
Data Base Management Evanston, 
Systems Introduction 2 2 Illinois 

Current Status of Digiticing 
General Aviation Trainers 

Binghamton, 
New York 

Senior Executive 
Charlotte, 
N.C. 

Impact Dynamics 1 1 Los Angeles, 
California 

Smart Systems and Human 
Factors in Battlefield 
Robotics 

Los Angeles, 
California 

High Speed Motion Analysis 
Svstems and Techniques 

Madison, 
Wisconsin 

A total of $11,463.49 was spent on tuition or registration for 
civilian employees. A total of $24,980.31 was spent on travel and 
per diem. 

More than 37 women were trained in courses to upgrade their skills 
and provide them with knowledges and skills to enhance their chances 
for competing for higher grade positions. 



Civilian Local Training : 
L-i 

■ 

B 

COURSE TITLE 
_RACE_SEX_ Da vs 
Black White Hispanic Male female 

Basic EEO Counseling 1 3 

Achieving Your Potential 

Contracting Officer's Rep 

Basic Supervisory Development 

Nichols Listening 

Proofreading 

Personnel Management for POC 

Management Orientation for Admin 
Clerks and Tech Employees 

Contracting for Tech Reps 

Shorthand Refresher 

ADP for Admin, Clerical and 
Secretarial Personnel 

Assertiveness Skills for Non- 
Supervisory Personnel 

Decision Making and Problem 
Solving Workshop 

Writing, Editing and Design Seminar 

Role of Supervisors and Managers 
in EEO 13 
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COURSE TITLE 
Days _RACE_SEX_ 

31ack White Hispanic Male Female" 

Middle Management Institute 

Managing Stress 

Basic Typing Skills 

Improving Communications With 
The Public 

Word Processing - A ri.iical 
Orientation 

Federal Women's Program Workshop 

Expressive Speaking 

Advanced EEO Counseling 

Prevention of Sexual Harassment 56 

Practical Statistics Correspondence 

Automatic Data Processing 
Correspondence 

Time Management Correspondence 

EEO - Its Place in Government 
Correspondence 

Tuition Assistance - ESJC 
Introduction to Mini/Micro 
Computer 

51 

1 

29 

S Wks 

NA 

NA 

NA 

NA 

NA 
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Co-op Program 

Due to a diminished commandwide hire lag, the Cooperative 
Education Program reduced its number of spaces to six. The 
demand for students continues to exceed the authorizations. Ms. 
Sybil Bullock continued as Coordinator for the program, and Ms. 
Gail Jay continued to provide administrative support for it. 

A total of 18 students were in co-op roles in FY 83. Nine 
of these were new students and three were graduate students. 
Requirements existed for the following job series: electrical 
engineering, mechanical engineering, biomedical engineering, 
research psychologist, microbiologist, and physiologist. A new 
requirement for a graduate level physiologist was established. 

During FY 83, two new universities were added to our pro¬ 
gram: Clemson University, South Carolina, and the University of 
Alabama, University, AL. 

The Cooperative Education Handbook was revised and continues 
to be used as an effective educational/recruitment tool. 

Recruitment trips were made to Howard University, Washington, 
DC, and the University of South Alabama at Mobile. 
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Equal Employment Opportunity 
(EEO) Program 

Affirmative action continued to be empnasized at USAARL. 
FY 83 accomplishments include the following: 

Black Employees: 

The total number of Black employees at USAARL remained 
the same; however, the average grade rose to 9.0 from 8.50. 
This was due to the promotion of a GS-7 Black female to GS-9. 
There continues to be underrepresentation in total numbers of 
employees with four Black employees or seven percent. 

Hispanic Employees: 

USAARL increased its number of Hispanic employees with 
the hire of one GS-7 photographer. Average grade for Hispanic 
employees was GS-7. The basic problem with hiring Hispanic 
employees is their small number in the civilian labor force. 
Number of Hispanic employees is one or two percent. 

Women Employees: 

Total number of women at USAARL remains 29 or 48 percent. 
This is above civilian labor force statistics. However, average 
grade dropped from 6.0 to 5.86. This was due to the loss of a 
GS-11 writer-editor. Although the average grade dropped, there 
were a number of internal promotions for USAARL women including 
two promotions to GS-9 from GS-7. There is no overall under¬ 
representation of women, but there is underrepresentation at 
the professional level and above the GS-11 level for women in 
USAARL. 

Handicapped Employees: 

Special emphasis was placed on recruiting handicapped 
employees and as a result one GS-11 writer-editor was hired. 
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Other Minorities: 

Other minorities are not significantly represented in 
the civilian labor force. 

Other Accomplishments: 

Two women were scheduled as speakers at Scientific 
Seminars during FY 83. Dr. Vivian Casagrandt spoke on 17 May 
1983, and Dr. Diane Damos lectured on 25 August 1983. 

Sixty-day temporary promotions as editorial assistants 
at the GS-6 level were given to all secretary-steno GS-5s to 
work on a special project. The commander's secretary was de¬ 
tailed 60 days to GS 9 writer-editor's position to lead the 
project. These were all women in dead-end positions. 

Thirteen key employees and supervisors received "Role 
for Supervisors and Managers in EEO" training. Four employees 
received "Basic EEO Counseling," and four employees received 
"Advanced EEO Counseling" training. All USAARL employees re¬ 
ceived training in "Prevention of Sexual Harassment." Federal 
Women's Program Manager (FWPM) was sent to the Federally Em¬ 
ployed Women's (FEW) 14th National Training Program. A total 
of $4,379.89 was spent on EEO training during FY 83. 
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Federal Women's Program 

USAARL has an active Federal Women's Program headed by a 
Federal Women's Program Manager (FWPM) and an alternate FWPM. 
This program provided information on employment, training, and 
recruitment opportunities to women employed at USAARL. The 
USAARL FWPM was appointed by the Commander, USAARL, and served 
as his staff advisor on matters affecting women. The FWPM duty 
was, and remains a collateral duty assignment. 

USAARL's FWPM also was a member of the Federal Women's Pro¬ 
gram Committee (FWPC) for the Commanding General, Fort Rucker, AL. 
This committee provided the Commanding General with advice and 
information regarding issues affecting the Federal Women's Pro¬ 
gram (FWP) and the female employees in the Fort Rucker work 
force, developed proposals for improvements in the FWP at Fort 
Rucker, and provided assistance in developing the Installation's 
Affirmative Action Program. During the past year, the FWPC co¬ 
sponsored the Employees/Supervisors' Luncheon during National 
Secretary's Week, a program for Women's History Week, and the 
Federal Women's Week. 
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Junior Fellowship Program 

One Junior Fellowship student continued her schoolwork 
assignment in FY 83. While attending a local junior college, 
she continued work assignments at the Scientific Information 
Center, USAARL, during holidays and summer vacation. She was 
promoted to GS-3 from GS-2 during this report period. 

Mobilization Designee (MOBDES) Program 

The MOBDES program preassigns selected US Army Reserve 
(USAR) officers. These officers have contributed to the ex¬ 
pansion of the USAMRDC in both scientific and administrative 
positions. In its 15 designee positions, the USAARL MOBDES 
program includes allied science officers, medical officers, 
aviators, and combat arms officers. Filling only half these 
positions, many designees completed third terms, while all 
have made significant contributions to the aeromedical research 
program. Significant accomplishments for this year included 
filling of the research aviator's position and the incumbent's 
transition qualification in the JOH-58 helicopter, the design 
of a new acoustics research facility, preliminary health hazard 
assessment of the tank test bed concept review program, and 
safe'.y assessment of the new Fort Rucker health facility. 
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Scientific Seminars 

USAARL spon-.ored eight scientific seminars at the labora¬ 
tory facilities. These seminars were given by experts perform¬ 
ing research in the.areas that coincide with USAARL research 
efforts. A total of $7,013.73 was spent for these seminars. 
The following is a list of speakers, their topics, and the dates 
of their seminars. Benefits included transfer of information, 
cross-training for the research staff, and interaction with the 
research staff on primary research efforts. 

Speaker Affiliation Topic Date , 
Sponsor 

Dr. Howard Baker Florida State Are difference 22 Feb 83 
University thresholds like Dr. Behar 

absolute thres¬ 
holds in vision? __ 

Dr. Thomas A. University of Brain injury and 17 Mar 83 
Gennarelli Pennsylvania acceleration. MAJ 

Dr. Lawrence E. Shanahan 
Thibault______ 

Dr. Y. King Liu University of A finite element 21 Mar 83 
Iowa model analysis of Mr. Haley 

the protection 
provided by Army 
aviator helmets^._ 

Mr. Donald Vreuls Vreuls Research Assessment of 21 Apr 83 
_Corporation_pilot performance. Dr. Kimball 

Dr. Guy A. Orban Katholieke Motion sensi- 29 Apr 83 
University, tivity. CPT 
_Leuven, Belgium_ Fulbrook 

Dr. Vivian A. Vanderbixt Visual system 17 May 83 
Casagrande_University_of the bush baby. Dr. Harding 

Dr. Andrew Mariani National Insti- Neural cells in 15 Sep 83 
Dr. Ralph Nelson tute of Health, vertebrate retinas. CPT 
__Bethesda , MD_Fulbrook 

Dr. Diane Damos Arizona State Individual differ- 25 Aug 83 
University enees in multiple CPT 
_task performances. Hamilton 
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Worker-Trainee Program 

The worker-trainee program is designed to give unskilled 
persons an opportunity to develop their potential skills while 
on the job over a three-year period. They enter the work force 
at the GS-1 level and through satisfactory on-the-job and class¬ 
room training improve their skills to meet the requirements for 
the next level. 

This program receives great emphasis at Fort Rucker 
and is used as a productive effort to further achieve affirma¬ 
tive action goals. 

USAARL employs two worker-trainees who are assigned 
in permanent clerical positions at the US Army Aviation Center. 
Supervisors are involved actively on a daily basis in on-the- 
job training, developing, and implementing the formal training 
plan. When the requirements of the training plan have been 
met, the incumbents will be placed in permanent positions 
at Fort Rucker. 
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Scientific Programs 

USAARL scientific research encompasses four of USAMRDC's 
major research areas. They are: Systems health hazard; 
hazards of mechanical forces; combat crew effectiveness; and 
soldier chemical warfare agent antidote. Under each of these 
research areas, USAARL has an established scientific program 
or programs. Such scientific programs involve one or more 
individual projects documented by a DD Form 1498. This is 
a convenient system for grouping the work USAARL does, and 
it makes easier the tracing of compliance with USAMRDC guide¬ 
lines . 

The research areas and the DD Forms 1498 that pertain 
to them are as follows: 

PROGRAM ELEMENT, 
DA ACCESSION TASK AREA, 

TITLE NUMBER WORK UNIT 

SYSTEMS HEALTH HAZARD RESEARCH AREA 

Physiology and Psychophysics 
of Information Transfer in 
the Visual System DAOG 5999 

Military Acoustic Hazards: 
Mechanisms of Hearing Loss 

DAOB 6889 

Ultrastructural Survey of 
Retina and Optic Nerve in 
Vertebrates DAOH 0151 6.11.01.A 00 292 

HAZARDS OF MECHANICAL FORCES RESEARCH AREA 

Auditory Effects of Blast 
Overpressure DAOG 5998 6.27.77.A AA 136 

Hearing Protective Devices: 
Prevention of Adverse Phys¬ 
iological Effects of Noise DAOB 6886 6.27.77.A AC 135 

6.11.02.A CB 283 

6.11.02.A CB 282 

Biodynamics of Life Support 
Equipment and Personnel 
Armor 
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TITLE 
DA ACCESSION 

NUMBER 

PROGRAM ELEMENT, 
TASK AREA, 
WORK UNIT 

Biodynamics of Impact 
Physiology 

Vibration Hazards of Com¬ 
bat Aircraft and Vehicles 

Biomedical Application and 
Health Hazard Assessment of 
Oxygen Enrichment Breathing 
Systems 

Development of Military/ 
ASTM Standard Method for 
Rapid Assessment of Burn 
Hazard 

DAOD 6735 

DAOG 6100 

DAOG 0169 

DAOH 0152 

6.27.77.A AG 137 

6.27.77.A AD 132 

6.27.77.A AF 134 

6.11.01.A 00 291 

Cardiopulmon-ary Physiology 
in Army Aviators DAOG 1505 6.11.02.A 00 279 

COMBAT CREW EFFECTIVENESS RESEARCH AREA 

Military Visual Problems: 
Assessment, Mechanisms, 
and Protection DAOB 6893 

Research Directed at Bio¬ 
medical Parameters Affecting 
Aircrew Workload During 
Sustained Operations DAOG 0153 

Visual Performance Research 
Related to Operational 
Problems in Army Aviation DAOG 0156 

Par.jnetric, Multimodal Work¬ 
load Assessment in Aircraft 
Guidance Systems DAOG 6101 

Aeromedical Research of 
Operationally Significant 
Problems in the Army Aviation 
Environment DAOG 0151 

6.27.77.A BG 164 

6.27.77.A BH 161 

6.27.77.A BH 162 

6.27.77.A BH 163 

6.27.77.A BH 165 
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TITLE 

Anthropometric Criteria for 
Army Aviators 

Development of Techniques 
to Monitor Brain Function 
of Aviators During Flight 
in Army Fixed- and Rotary- 
Wing Aircraft 

SOLDIER CHEMICAL WARFARE 

Antidote and Antidote/Agent 
Effects on the Visual 
System 

Effects of Nerve-Agent 
Antidotes on the Visual 
System 

PROGRAM ELEMENT, 
DA ACCESSION TASK AREA, 

NUMBER_WORK UNIT 

DAOG 6102 6.27.77.A BH 166 

DA300426 6.11.01.A 00 293 

AGENT ANTIDOTE RESEARCH AREA 

DAOG 8399 6.27.34.A AO 381 

DAOG 1506 6.11.01.A 00 277 



r

62



Systems Health Hazards 
Program Area 

This basic research project area principally involves the 
development of the minimum biological and biomedical data bases 
necessary and sufficient to protect personnel from hazards gen¬ 
erated by Army systems, combat operations, and work environments. 
Research efforts are directed toward those physiological and 
biomedical technology bases which provide the foundation for 
the more applied USAARL research programs addressing military 
systems and operations presenting potential health hazards. 
Investigations in this program include studies to provide quan¬ 
titative information on the physiological processes and mecha¬ 
nisms subserving visual perception, and studies to determine 
the physiological mechanisms of auditory injury from noise. 
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Sensory Physiology Program 

Background: The development, fielding, and use of modern¬ 
ised Army weapons, along with new doctrine for combat operations 
threaten to subject the modern soldier tc forces and demands 
which exceed his biological limitations. For example, increased 
noise levels and exposure profiles for a broad range of weapons 
will place additional demands on the capability of the human ear 
to withstand high noise environments and still function adequate¬ 
ly. New combat doctrine which places increased priority on 
night operations and target detection raises questions about the 
soldier's visual capabilities and effective procedures for main¬ 
taining and enhancing them. 

The operational questions and problems which arise from new 
weaponry and doctrine require biomedical technologies and crite¬ 
ria for effective solutions. These technologies and criteria, 
in turn, demand sufficient biomedical data bases to support ap¬ 
plied efforts. In most cases, however, the required data bases 
are either nonexistent or woefully inadequate. Consequently, 
the need for new biomedical data to support solutions to con¬ 
temporary and future-oriented problems is substantial. USAARL's 
basic research program is designed to meet this need. 

Obviously, future - oriented Army problems are critical in 
guiding the basic research program. However, not all of tomor¬ 
row's problems and questions are foreseen today. In order to 
maintain a scientific base capable of addressing unforeseen 
problems, a proportion of the basic research is nonproblem ori¬ 
ented in nature. This serves at least two primary purposes. 
First, it adds to our knowledge of basic biological principles; 
and second, it keeps our scientists abreast of current findings 
and thinking in biological sciences such that this knowledge 
may someday be applied to help and protect the individual sol¬ 
dier . 

The generic goal of the basic research program is to pro¬ 
vide biomedical data bases, along with technical concepts, to 
support applied research and development efforts of the labora¬ 
tory. The applications for these data bases include damage-risk 
criteria, medically valid design ciiteria, medical input to 
doctrine and tactics, and medically-uased technologies. Second¬ 
ary goals of the program are to maintain professional proficien- 

u . sc i i 1: i-c staff and to identify new concepts and 
technologies developed elsewhere with potential value for Army 
applications. 7 

65 



Objectives: The primary objectives of this research program 
include developing animal models for the study of visual and 
auuitory functions ; providing a data base on exposure-injury re¬ 
lationships for impulse and steady noise; providing quantitative 
information on the physiological processes and mechanisms which 
underlie visual perception; and developing and validating con¬ 
cepts for new methods, techniques and instruments to assess sen¬ 
sory capabilities and degradations. 

Progress. in the visual neuroscience program, an electronic 
system and CRT display with the appropriate computer interface 
were developed to study precisely the receptive field properties 
of retinal ganglion cells. The system incorporates a novel de¬ 
velopment which increases the upper range of temporal frequencies 
which may be used experimentally by a factor of four over con¬ 
ventional technology. 

A study was performed and completed which provided the first 
pharmacological method of selectively reducing the responsivitv 
of a spatial frequency channel within the visual system. The 
finding provides a basis for determining the class or classes of 
visual neurons which function in a particular visual task. 

A new technique for rapidly measuring spatial - temporal con¬ 
trast sensitivity was developed and tested in this laboratory. 
The new technique, termed the "spatial bandwidth equalization 
method," provides for both threshold and suprathreshold contrast 
sensitivity measures which are correlated positively with mea¬ 
sures derived from conventional methods. 

An optical system was developed and completed along with 
electro-physiological recording instruments to test for the 
presence of additional functional photoreceptors in bushbabies 
and to provide for a noninvasive physiological method to assess 
luminosity function in humans. 

A study in collaboration with members of the National Eye 
Institute, National Institutes of Health, provided clear anatomi¬ 
cal evidence for a second photoreceptor type in bushbaby retina. 

Pilot studies were completed which demonstrated the useful¬ 
ness of using the Ap1y sia extraretinal photoreceptor preparation 
as a means of assessing the biophysical effects of anticholines¬ 
terase agents on membrane function and ion transport. 

A report describing a positive reinforcement procedure for 
audiometry of the swine was completed as part of the development 
of 3. large a.nirnal model (USAARL Report No. 83*9) . The results 
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indicated that inadequate control of motivational levels was a 
major contributor to a failure to obtain an acceptable audiogram 
The basic procedure appears promising if this problem can be 
resolved. Efforts to improve the motivational variables used 
in this study have been initiated. Report preparation on a 
study of the role of pigmentation in susceptibility to hearing 
loss has continued. 

DD 1498: This work was conducted under Research and Tech¬ 
nology Work Unit Summaries. 

Physiology and Psychophysics of Information Transfer in 
the Visual System, DAOG 5999, 283. 

Military Acoustic Hazards: Mechanisms of Hearing Loss, 
DAOB 6889, 282. 

Ultrastructural Survey of Retina and Optic Nerve Verte¬ 
brates, DAOH 0151, 292. 

Two contract projects contributed to the research 
objectives of this program. 

Evaluation of Inner Ears (Chinchillas) for Loss of Sen¬ 
sory Cells Using a Surface Preparation Histology Tech¬ 
nique. 

Research and Development of Cochlear Microphonie Respons 
to Low Frequency Noise. 



(.S



Hazards of Mechanical Forces 
Program Area 

Q 

Human health threats dealt with in this program area in¬ 
clude, but are not limited to, those which are (a) built into 
weapon systems, (b) caused by or accompanying military opera¬ 
tions, (c) generated during combat training, and (d) inherent 
to certain microenvironments. Examples include bone-degrading 
vibrations present in armored vehicles, heat stroke induced by 
wearing chemical protective suits in hot environments, and hear¬ 
ing loss attributable to artillery weapon noise. Efforts within 
this project area focus on identification and quantification of 
the vibration and noise assaults experienced by military person¬ 
nel, development of dose-response relationships for each assault, 
and development of injury prevention and health protection cri¬ 
teria and technologies. 

- . 
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Auditory Effects 
of Blast Overpressure Program 

Background: Current Army weapons development efforts aimed 
at countering Warsaw Pact threat capabilities include improved 
artillery cannons, antitank rockets, and mortars. New artillery 
cannons and propellant charges are being developed to meet doc¬ 
trinal requirements for enhanced delivery range, rapid rates of 
fire, and reduced weight for air mobility. Improved antitank 
rockets with high-energy propellants may be fired from reflec¬ 
tive enclosures such as bunkers or covered foxholes. And, mor¬ 
tar technology is being advanced to achieve greater delivery 
ranges and rapid rates of fire. In each of these families of 
weapons, dangerously high levels of blast overpressure are a 
byproduct of advancing weapons technology. 

The high levels of blast overpressure which will be common¬ 
place on the modern battlefield pose potentially serious health 
hazards to soldier operators. Air-containing organs such as the 
ear are particularly susceptible to injury, with serious medical 
consequences possible. Hearing loss, even temporary, among 
troops using blast-producing weapons can degrade critical soldier 
machine performance, endanger effective command, control and 
communications, and disrupt critical combat tasks such as detec¬ 
tion of the enemy during patrol missions. Hearing loss thus can 
endanger the soldier's capability to accomplish the combat mis- 
sion Further, permanent hearing loss is a cause of substantial 
disability compensation payments, even under peacetime conditions 

I he existing exposure limit for impulse noise (i.e., blast 
overpressure) is based on a grossly inadequate biomedical data 
base and on a number of assumptions which have yet to be vali¬ 
dated. 1 he physical characteristics of the blast wave which 

71 



are responsible for injury to the ear have not been completely 
identified, and the mechanisms of injury within the ear are 
understood only poorly. Consequently, improvements in protec¬ 
tion technologies have been difficult to achieve. 

The primary long-range goal of this research program is 
the establishment of a comprehensive biomedical data base to 
support the development of a valid damage risk criterion. A 
secondary long-range goal is the development of technology, 
approaches and devices with potential for improved protection 
against blast-induced hearing loss. A significant short-range 
goal is the direct validation of the adequacy of state-of-the- 
art hearing protective devices for critical developmental 
systems. 

Objectives: The major technical objectives include quanti¬ 
tative analysis of the physical characteristics of blast waves, 
development and validation of a large animal model for studying 
auditory injury, development of laboratory impulse noise ex¬ 
posure capabilities where pressure wave characteristics can be 
systematically varied, systematic animal studies to determine 
the relationship between physical parameters of blast waves and 
auditory injury, development, and validation of mathematical 
models to assess the effects of protective devices on effective 
impulse noise exposure criteria. Further, technical objectives 
include identification of the mechanisms underlying blast-induced 
hearing loss, identification of susceptibility factors predis¬ 
posing individuals to blast-induced hearing loss, and develop¬ 
ment and validation of mathematical models for predicting blast- 
induced hearing loss. 

Progress: Report preparation has continued on the results 
of the direct validation of hearing protection for the M198/M203. 
The findings were used to develop recommendations for new limits 
on the number of lower zone propelling charges to be used per 
training day. Computer programs for data analysis and impulse 
noise generation were completed. 

Data collection was completed in the third experiment on 
the role of peak pressure in auditory injury from impulse noise. 
Data analysis is in progress. 

A major upgrade of the small animal (chinchilla) audiomet¬ 
ric test facility was completed and validation tests were initi¬ 
ated . 

Noise hazard analyses were completed for the I81mm mortar, 
two modified vlPER rounds, and five candidates to replace the 
Light Antitank Weapon (LAW). All of these resulted in recom¬ 
mended safe firing limits. 
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DD 1498: The above work was conducted under Research and 
Technology Work Unit Summary: 

Auditory Effects of Blast Overpressure, DAOG 5998, 136. 

r 
y, 

I*! Contributing Work: Work done under the following contracts 
contributed to the research objectives of this program: 

k Blast Trauma: The Effects on Hearing. 

Effects of Hearing Protectors on Human Auditory Locali¬ 
zation. 

í 
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Noise Hazards of Combat 
Vehicles Program 

¡ 

■ ' 

Background: As part of a large-scale modernization pro¬ 
gram, the Army is developing or fielding advanced design combat 
vehicles for a wide variety of battlefield applications. Com¬ 
bat doctrine being developed for the battlefield of the future 
calls for high-speed, lightweight, all-terrain (i.e., tracked) 
vehicles for fighting and transporting troops, and also for 
heavily armored, yet high speed tanks with enhanced firepower. 
Also integral to the high-intensity battlefield of the future 
will be high-performance helicopters with advanced design fea¬ 
tures. Such hardware combinations will generate hazardous 
levels of both steady noise from engines, sprockets, rotor 
blades, and the like, and impulse noise from machine guns, can¬ 
nons, missiles, etc. 

Coupled with such advanced hardware will be the require¬ 
ment for continuous combat operations. This will have the 
effect of exposing crewmembers to greatly extended periods of 
steady and impulse noise in a 24-hour period. It also will 
likely induce fatigue and dehydration in large numbers of 
troops. 

Extended exposure to hazardous levels of steady and im¬ 
pulse noise, especially when combined with other stressors, 
will present a serious risk of temporary and permanent hearing 
loss. Both types of hearing loss can degrade combat effective¬ 
ness by impairing effective command, control and communications, 
disrupting critical operator tasks, and degrading critical 
hearing-intensive combat activities. In addition, permanent 
hearing loss constitutes grounds for disability compensation. 

The effective protection of troops from loss of hearing 
requires adequate hearing protective devices, both insert types 
and over-the-ear types. However, not all available hearing 
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protective devices provide adequate protection. Rigorous 
evaluation of developmental equipment, including helmets with 
earcups, communication headsets, and commercially available 
protective devices, is required to insure adequate protection, 
further, an effective hearing conservation program requires up- 
to-date epidemiologic data on the extent of hearing loss and 
the resulting impact among specific groups of Army personnel. 

efra^îhe primaiT goal of this research program is to assess the 
effectiveness of hearing protective devices in order to minimize 
the incidence and severity of noise-induced hearing loss among 

Long-term goals include (1) the development of 
improved technologies and approaches for hearing protection and 
heiriío «proved methodology for evaluation of nearing protective devices. 

Objectives. Ihe major technical objectives of this research 
\l°tVrTJnClUde me'dSYement 0f the sound-attenuating charter 
istics of passive and active hearing protective devices and 
communication headsets, determination of the suitability of 
of11hpe*fnfAnrS ^ specific applications, assessment 
.f the influence of user variables on protective effectiveness 
development and evaluation of new concepts for improved hearing 
aíd^iptíTt d®veloPmeat and validation of improved laboratory 
and fieid techniques (e.g., physical ear method) for evaluation 
of hearing protective devices, development and validation of 
mathematical models for predicting suitability of hearing pro- 
ective devices, assessment of attenuation characteristics on 

extent0nfChPerf0rm?nCe’ ePidemioLogic assessment of the 
geïo^ o°ff Army1 per sonne l?d ^ ^'cted 

Progress: The attenuation characteristics of the first 
production Integrated Helmet and Display Sighting System flHADSSl 
were measured in accordance with ANSI Standlrd Z24 22 a9S7) for 
th?es£o?Hnt the real'ear attenuaLion of ear protectorat " 
threshold. The attenuation of the helmet exceeded contractual 
requirements at all frequencies. contractual 

During FY 83, the ANSI S3.19 and ANSI Z24.22 attenuation 
ThisUw?T?nt stai¡dards v‘ere implemented in the new facility. 
ThÍw ïi11 Pr°vlde the Acoustical Sciences Research Groun íASRG1 
"Je deveic::!S neCeSSary t0 thorouShly evaluate'earlng^rec^- 

he1mpthha^r0dUat IÎProvement Program (PIP) for the SPH-4 aviator 
evaluation pr°duced Se^eral Proposals which are currently under 
nisis íf h proP°^ed change in the impact attenuation'mecha¬ 
nisms of the helmet has caused an increase in shell size to 
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accommodate the additional foam. The increase in the shell 
dimensions and changes in the earcup retainer harness have 
created a significant problem in attaining the sound attenuation 
required for hearing protection in the aviation environment. 
The ASRG is working with Natick Research and Development Labora¬ 
tories to resolve these problems. 

The Helmet Compatible Communication/Aural Protective Sys¬ 
tem (HCCAPS) prototypes were evaluated to determine acceptabil¬ 
ité for the contractual requirements and Army use. The systems, 
as delivered, had leaks through the ear flange/earcup interface 
and problems with the earseal. Production models of the HCCAPS 
are expected for evaluation during 2nd Quarter Fi 84. 

An evaluation of the effects of the XM-40 chemical protec¬ 
tive mask on the sound attenuation and speech intelligibility 
characteristics of the SPH-4 aviator's helmet was completed. 
The evaluation indicated a degradation in characteristics rela¬ 
tive to the SPH-4 helmet when worn alone. Recommendations are 
being made which should decrease these effects. 

The ASRG assisted in the development of a Statement of Need 
(SON) for the military motorcycle helmet. This helmet is pro¬ 
posed for use with the military motorcycle and the Fast Attack 
Vehicle. In addition, a noise hazard assessment of the Bradley 
Fighting Vehicle was performed using tester-furnished noise data. 

DD 1498: The above work has been conducted under Research 
and Technology Work Unit Summary: 

Hearing Protective Devices: Prevention of Adverse 
Physiological Effects of Noise, DAOB 6886, 135. 

Contributing Work: Work done under the following contracts 
and customer-funded projects contributed to this research pro 
g r a m : 

Effects of hearing protectors on human auditory 
localization. 

Hearing protection against low frequency noise. 

Characteristics of the HCCAPS. 

Crushable earcup development. 
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Impact Biodynamics 
of Crashworthiness 
and Personnel Armor Program 

Background: The inevitable result of man's use of vehicles 
throughout history has been impact injuries caused by crashes 
of vehicles. Since crashes cannot be totally eliminated, ve¬ 
hicles have been designed increasingly to be more "crashworthy." 
Airworthy sciences have been developing since the Wright 
brothers first flew, but crashworthy sciences have developed 
only since World War II. Crashworthy improvements still are 
needed in aircraft as revealed by statistics showing fatality 
rates little improved in the past 20 years. The performance 
of existing life support equipment in aircraft must be known 
prior to stating new crashworthy design criteria. Once the 
hazards are identified, methods to eliminate them can be de¬ 
veloped. 

In the past, USAARL primarily has been involved in the 
analysis of injuries seen in aircraft accidents under the 
auspices of the Aviation Life Support Equipment Retrieval 
Program (ALSERP), in which all equipment involved in the cause 
or mitigation of injury is sent to USAARL. In the past two 
years, however, the scope of this work has been expanded to 
include parachute "impact" in high airspeed jumps, chest armor 
"impact" from .50 caliber bullet defeat, tank gunner brow pad 
"impacts," and motorcycle helmet "impacts." 

Objective: To identify impact injury mechanisms of US 
Army fliers via standard epidemiological techniques, and to 
correlate the injury to the input energy, so that design and 
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test criteria may be provided for helmets, restraint systems, 
parachutes, and personnel-armor loading. 

Progress : Through on-site investigation, laboratory anal¬ 
ysis, and the ALSERP, progress was made toward the goal of 
providing equipment performance iaformation and future equip¬ 
ment design criteria. All major accidents involving UH-60 
helicopter life support equipment (LSE) were investigated in 
order to assess the effectiveness of the seats, padding, hel¬ 
mets, and other LSE in these new "crashworthy" aircraft. The 
FY 1982 UH-60 Blackhawk Crashworthiness Conference resulted 
in a recommendation to conduct comparative crash tests of two 
different UH-60 pilot seats. USAARL jointly participated in 
the planning and execution of these tests at the Federal Avia¬ 
tion Agency's Civil Aeromedical Institute Impact Test Facility. 
In the course of these tests, several material failures occurred 
in one of the vendor seats. After the seat vendor changes 
the materials to prevent future failures, further tests are 
to be conducted in FY 1984. 

A draft report describing the development of a "crushable 
aluminum earcup" to be used in future crash protective helmets 
was completed. 

The data from 15 sideward impacts to the helmeted head 
of human surrogates were analyzed and reported in the open 
literature. The data revealed a significantly lower transmitted 
force to the human skull when energy-absorbing "crushable" 
earcups were used. 

The effect of stress concentration in personnel restraint 
harness webbing was evaluated in a quasistatic condition. This 
preliminary investigation indicated a significant strength 
reduction at contact points of the webbing, i.e. adjustors, 
end fittings, and seat slots. The load capability was reduced 
by more than 50 percent when side loads were applied to the 
webbing. Further work is planned in this area in FY 1984. 

Anthropometric dummies were instrumented and detailed 
plans made to measure loads on parachutists when jumping at 
200+ knots airspeeds. The US Army Test and Evaluation Command 
(TECOM) will be conducting both dummy and volunteer jumps at 
Yuma Proving Ground in FY 1984. USAARL will evaluate the prob¬ 
ability of injury to jumpers prior to the volunteer jumps. 

US Navy-sponsored helmet retention tests were begun in 
the 4th quarter. The tests are planned for completion 1st 
quarter, FY 1984. 

Continued assistance was provided to the Human Engineering 
Laboratory (HEL) to determine the tolerance of tank gunners 
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to brow pad impact from large caliber weapons on lightweight 
armored vehicles. A report on this work is planned to be pub¬ 
lished in FY 84. 

DD 1498: The above work was conducted under the following 
Research and Technology Work Unit Summaries. 

Biodynamics of Life Support Equipment and Personnel Armor, 
DAOG 0167, 131. 

Biodynamics of impact physiology, ÛAOD 6735, 137. 
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Vibration Hazards 
of Combat Vehicles Program 

Background: This program was initiated to study the 
effects of vibration on musculoskeletal disorders in Army 
aviators. Since unique vibration exposures are present in 
each emerging vehicular weapon system, the program has been 
expanded to cover all types of vehicles as well as aircraft. 
The long-term goal of the vibration program is the development 
of vibration tolerance limits as a function of amplitude, fre¬ 
quency, and exposure time for use as criteria for vehicle de¬ 
velopment . 

Objective: To conduct multidisciplinary basic and applied 
biomedical engineering to (a) record and characterize the field 
environment of vibration, (b) duplicate the field environment 
in the laboratory to study effects on human health and perfor¬ 
mance, (c) develop a scientific data base of pertinent medical 
and performance-related information, (d) ietermine short-term 
and cumulative biomedical effects of vibration on the musculo¬ 
skeletal system and develop technological methods by which 
to reduce these effects, and (e) evaluate and develop medical 
and performance-based criteria on human vibration tolerance. 

Progress: Data collected from a subjective study designed 
to assess low back pain among U.S. Army aviators was analyzed. 
A preliminary report has been written and submitted for review. 
Trends indicated that low back pain may be affected by heli¬ 
copter seating posture. 

Continuing work under a Wright State University contract 
confirmed that isometric strength of neck muscles is signifi¬ 
cantly less in the lateral mode compared to flexion or exten¬ 
sion. Amplitude of surface electromyographic (EMG) signals 
showed continuous increases for fatiguing contractions, while 
the center frequency for the EMG power spectrum continuously 
decreased. A pronounced increase in both blood pressure and 
heart rate was observed during isometric contractions of the 
neck muscles. Preliminary development of a multiple linear 
regression mathematical model has begun in order to predict 
EMG shift as function of helmet mas^ distribution. 

Under a University of Vermont contract, work began which 
will attempt to establish the relationships between vibration, 
posture, and possible causes of low back pain in Army rotary 
wing aviators. EMG response of the lower back musculature 
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was monitored while volunteers maintained a standard aviator 
posture in a nonvibrating environment. Root-mean - square (RMS) 
amplitude of the EMG activity increased, while the center fre¬ 
quency of the EMG power spectrum decreased as the back muscles 
became fatigued. Static tests are near completion and vibra¬ 
tion studies are scheduled to begin in 1st quarter, FY 1984. 

DD 1498: The above work was conducted under the following 
Research and Technology Work Unit Summary. 

Vibration Hazards of Combat Aircraft and Vehicles, DAOG 
6100, 132. 

Contributing Work: Work conducted under the following 
contracts contributed to the research objectives of this pro¬ 
gram. 

Neck Muscle Endurance as a Function of Helmet Loading: 
The Definitive Mathematical Model. 

The Effects of Helicopter Vibration on the Spinal System. 



Crew Life Support Systems 
Biotechnology Program 

Background: Modern warfare is predicated on the use of an ever 
increasing variety of technologically advanced weapons, transport 
and communication systems. Couple this trend with doctrine which 
emphasizes round-the-clock sustained operations and there exists 
the potential for a devastating conflict. On the one hand, the 
advanced technology and new tactics give our troops an edge in any 
potential battle. On the other hand, man's inherent physiological, 
and perhaps psychological, limitations can neutralize totally any 
such advantage. The Crew Life Support Systems Biotechnology 
Program is designed to identify, evaluate, and eliminate or pre¬ 
vent the health hazards resulting from the mismatch between the 
soldiers' physiologic needs and the environment resulting from 
use of new equipment, weapons, and tactics. 

Specifically, current focus is on maintaining aviators in the 
proper state of oxygenation under all flight conditions and on 
minimizing the deleterious effects of wearing chemical protective 
ensembles while conducting aviation operations and training. 
Short-range goals are (1) to evaluate the concept of using pressure 
swing molecular-sieve tech'ology to produce clean breathable 
oxygen-enriched air to alleviate all levels of hypoxia, and (2) 
to evaluate current and proposed chemical defense ensembles in 
the flight environment to ascertain how long aviators can fly 
effectively without succumbing to heat stress or other stressors 
imposed by these basically cumbersome protective systems. 
Long-range goals call for collection of extensive data bases 
relating physiologic response to environmental stressors from 
which computer models can be developed which will assist in 
optimizing life support systems design. 
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Objective: jhe crew Life Support Systems Biotechnology Pro¬ 
gram is designed to identify, assess, and prevent unnecessary 
health hazards imposed by exposure to the operational environ¬ 
ment, toxic gases, varying oxygen levels, chemical and biological 
agents, and antidotes or other drugs; to provide the Army techni¬ 
cal information, recommendations and standards to be used in the 
development and modification of systems that provide protection 
from those hazards; and to develop a data base identifying and 
quantifying the physiological and medical impact of life support 
equipment on mission accomplishment. This program also is 
designed to identify and elucidate problems associated with life 
support equipment and to develop computer models based on analy¬ 
tic and empirical data to facilitate the conceptualization and 
development of design criteria for improved life support equipment. 

Progress: jhe study entitled "Physiological Assessment of 
the Aircrew Chemical Defense Ensemble" continued to generate 
reports and formed the basis of a new draft protocol to study the 
"Aviator Performance Effects of Chemical Warfare Antidotes." 
This study will proceed in FY 84, but was a major planning effort 
in FY 83. 

Team members continue to participate in the process to develop 
and test new aviation life support equipment for use on the inte¬ 
grated battlefield. 

The cardiopulmonary research program moved ahead with the 
completion of computerized pulmonary function tests on over 200 
active duty Army aviators. Early screening results indicate that 
more than 301 of these volunteer subjects had altered pulmonary 
functions suggestive of mild to moderate obstructive impairment. 
Full analysis of these results including demographic and medical 
history data is underway with a summary report due in early 
FY 84. The cardiopulmonary stress lab was installed and made 
ready for a planned extensive effort to build a data base on Army 
aviation physiology. This cardiopulmonary data base is being 
established to assist in longitudinal studies of effects of 
stress and to help in design of life support equipment. 

Computer modeling progressed with the BRNS1M firn prediction 
model implemented on two additional computers, PDF 11/24 and DEC 
VAX 780. A model relating contact time, temperature, and ther¬ 
mal characteristics to burn injury was implemented on an Apple 
II computer and submitted to the Burn Prevention Committee of 
the American Burn Association. 

A new start was made to develop techniques to measure evoked 
responses in aviators while they pilot simulators and aircraft. 
Equipment was ordered and received. 
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Combat Crew Effectiveness 
Program Area 

This project area encompasses research programs which are 
directed toward the delineation and study of behavioral, psycho¬ 
logical, physiological, and performance requirements imposed by 
military operations, environments, and special equipment. The 
purpose of thi-s work is to prevent casualties by assessing fac¬ 
tors which serve to increase the soldier's vulnerability to the 
stressors of a combat environment. Inadequate training, indoc¬ 
trination, physical conditioning, as well as high stress loads 
imposed by the rigors of the combat environment, all potentially 
impact on the soldier during operational missions. Further fac¬ 
tors, such as excessive heat and cold, complex and sustained 
work requirements, may overload the soldier and exceed human 
tolerance in life-threatening situations. 

Physiological and psychological investigations are conducted 
to identify environmental and operational stressors, and to pro¬ 
vide data on the cost/payoff relationship between such stressors 
and soldier tolerance, sustainability, and survivability. 

Efforts include, but are not limited to, visual capabilities 
and limitations; medical indexes of crew workload and fatigue; 
soldier selection and physical fitness; and biomedical aspects 
of environmental factors on human functioning as well as those 
soldier factors affecting performance and survivability under 
conditions of sustained and chemical operations. 
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Sensory Limitations of 
Man/Machine Systems Program 

Background: The extreme lethality of the modern mid-to- 
high-intensity battlefield is forcing changes in tactics, wea¬ 
pons, and personal protective equipment. Advancing weapons 
technology, along with doctrinal requirements for continuous 
operations (including nighttime operations), combine to produce 
stresses which threaten to exceed the capabilities and limita¬ 
tions of the human operator and thereby degrade crew perfor¬ 
mance. For example, the visual demands of night vision goggles 
may necessitate new visual selection and retention criteria, 
and the requirement for continuous operations may exceed the 
soldier's visual performance capabilities after extended periods 
of operation. The use of protective devices such as antilaser 
goggles, the sun, wind and dust goggles, and helmet visors 
threatens to disrupt the crewmember's visual performance. 

The doctrinal requirement for around-the-clock combat op¬ 
erations results in special concerns about the human operator's 
capabilities to function effectively in darkness. Red lighting 
has been used in Army aircraft cockpits since pre-World War II 
days because of its ability to preserve nighttime visual sensi¬ 
tivity. However, in future aircraft blue-green lighting will 
be required in order to achieve compatibility with aviator night 
vision goggles. This may compromise flight capabilities with 
unaided vision. The existing biomedical data base regarding the 
visual performance effects of vibration, darkness, night vision 
goggles, protective goggles, and similar stressors is inadequate 
for countering the potential threats to combat effectiveness. 
The nature, extent, and mechanisms of visual performance degra- 
lation are largely undefined, and the resulting impact on combat 
effectiveness has not been determined. 

The overall goal of this research program is the develop¬ 
ment of realistic measures to prevent compromised combat effec¬ 
tiveness due to impaired visual performance. These preventive 
measures will include exposure criteria, material design crite¬ 
ria, crew selection and retention criteria, and modified opera¬ 
tional doctrine. A major intermediate goal is the establishment 
of a visual effects biomedical data base sufficient to support 
development of such measures. 
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Objective: The major technical objectives of this research 
program include identification of the parameters of visual func¬ 
tioning which are degraded by vibration, darkness, body position, 
protective devices, night vision goggles, fatigue, and spectral 
characteristics of lighting. Characterization^and quantification 
ot visual degradations produced by specific stress factors, iden- 
tification and characterization of mechanisms underlying visual 
degradations, determination of the relationships between identi- 
tied V isual degradations and task performance, and development 
and validation of models for predicting the impact of specific 
visual degradations on combat effectiveness are major technical 
objectives. Also, included as objectives are development and 
validation of exposure criteria and/or material design criteria 
tor selected stress factors, development and validation of 
select ion/retention criteria and operational preventive measures 
lor selected stress factors, and development of instrumentation 
tor rapid, reliable measurement of selected visual performance 
parameters. 

■■ e 

Progress: The role of aviation in US Army operations at 
night has been enhanced greatly by the wide use of the AN/PYS-5 
and the soon-to-be introduced AN/AVS-6 night vision goggles, 
bach ot these goggles utilizes tubes containing optics and elec¬ 
tronics positioned directly in line with each eye. A project 
was conducted to determine the relative protection afforded the 
eyes from tube impact when wearing chemically-treated glass, 
CR-59 plastic, or polycarbonate spectacle lenses. Results show 
a dramatic superiority in protection provided by the polycarbon¬ 
ate lenses. A protocol is being written for the conduct of a 
study which will determine the feasibility of using polycarbon¬ 
ate opthalmic lenses in a field environment. 

., rA comprehensive research plan has been developed to assess 
visual tasks, demands, and constraints in Army aviation and 

utilize this information to develop, correlate, and validate 
meaningful clinical measures and criteria. The goals of this 
research would be to establish defensible vision^standards for 
Army aviator selection and retention; to provide meaningful 
medical, recommendations should alternative standards be admini¬ 
stratively implemented; and, to enhance current vision examina¬ 
tion techniques/instrumentation and test batteries 

, , ‘V1 op01 ational study of the effects of red versus blue 
voo-pi lighting upon unaided dark adaptation was undertaken. 
A special portable computer-controlled adaptometer was construc- 
bíuo ror níf The aircraft was equipped with both red and 
lut cockpit lighting systems. Threshold data, collected under 
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actual flying conditions, yielded only slightly lower thresholds 
for red than for blue lighting, indicating that there does not 
appear to be a valid physiological requirement for dual cockpit 
lighting systems. 

The range of acceptable levels of haze in military specifi¬ 
cations for optical transparencies is at least 12-to-l for dif¬ 
ferent materials and appears not to be dictated by the vision 
requirements of the transparency user. To determine the visual 
performance effects of transparency haze, the visual contrast 
sensitivity function was measured with transparencies of 0.5 to 
20a haze, both wj.th and without glare. The data presently are 
being evaluated. 

Three prototype protective masks (XM-40) and a British S-10 
respirator were optically evaluated. All three XM-40 prototypes 
lestricted the visual fields, particularly in the lower nasal 
area. Also, the combat spectacle was incompatible with the masks 
in some cases. 

A computer program was developed to provide light level 
calendars of lunar illumination for planning of night vision 
goggle research and training flights. 

An electronic circuit was designed and evaluated which 
allows selection of specific CRT raster lines, better facilitat¬ 
ing the line spread function of CRT displays. 

Consultation and optical evaluation were provided for the 
protective mask designed for the AH-64. Problem areas are dis¬ 
tortion, uniesired optical power, optical alignment, optical 
correction field of view with Helmet Display Unit (HDU), eye¬ 
lash clearance, and fogging. A number of alternative options 
for ametropia correction to allow full field of view with the 
HDU are being evaluated. 
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Presentations 

Modified Faceplate for AN/PVS-5, Night 
Vision Goggles, USAARL RPT 85-1. 

Analysis of Image Smear in CRT Displays 

USAARL RP?n83-5? ^ PhosPhor Persistence, 

Controller Selects Active CRT Raster Line, 
Electronics. Vol 55, No. 24:115, 1982. 

Physical and Optical Evaluation of the 
Gargoyles Spectacles. USAARL LR-85-2-2-1. 

Preliminary Model of Dynamic Information 
T^l}s^er CRT Displays. Proceedings of 
IEEE, Washington, DC, 1985. 

Computer Program for Generating Light 
Level Calendars of Lunar Illumination at 
Fort Rucker, AL. USAARL LR-85-4-2-2. 

Light Level Calendars of Lunar Illumina- 

îqg’ atnQ^o,R^k^’ AL for July-December 198o* USAARL LR-8•2* 5. 

Visual and Optical Evaluations of the 
XM-40 Protective Mask. USAARL LR-85-9-2-Ö 

Optical Evaluations of the British S-10 
Respirator. USAARL Ln-85-10-2-7. 

Preliminary Model of Dynamic Information 
Transfer in CRT Displays. IEEE Inc 
SOUTHEASTCON '83, Orlando, FL., Apîii’1983. 
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Biomedical Aspects 
of Crew Workload, Staffing, 
and Selection Program 

Background: Identifying, defining, and quantifying man's 
physical requirements, task demands, and biomedical limitations 
associated with various systems and technology become critical 
for the optimal design of equipment, prediction of performance 
criteria, and development of biomedical models. Military 
developers, planners, and specialists at every level must be 
aware of the unique hazards generated by Army systems and tech¬ 
nology, and that these hazards are further elevated by the 
adverse environment of the Army tactical operations in which the 
soldier is required to function. 

Army aviation, with its highly sophisticated airborne systems, 
represents a prime example of a military operational area that 
lacks complete parametric research to develop empirical criteria 
for ideal man-machine interface and analytical tolerance/surviv¬ 
ability/capability envelopes within which the selected aircrew 
will be forced to work and endure. A more complete biometric 
data base is not available to describe and quantify pilots' 
physiological and psychological tolerance to operational 
stressors, military hardware, advanced trctics, and progressive 
military operations. 

USAARL's research program is designed to establish/update 
aircrew selection criteria, evaluate requirements for optimum 
man-machine interface, and provide physiological and psycho¬ 
logical guidelines describing and quantifying tolerance, surviv¬ 
ability, and capability envelopes of man within the military 
flight environment. The long-range goals of this research are 
to establish extensive biomedical data bases and predictive 
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models to reduce or eliminate aviators' impaired performance; 
sensory, cognitive, and physical overload; combat stresses; and, 
in general, hazards inherent in Army systems and in the Army 
environment. 

Objective: jhe objective of this research program is to 
develop standards for aeromedical hazard definition and to 
postulate hazard definitions based upon field assessment of 
combat operations, including systems and environmental effects. 

Extension of the data base regarding the visual performance/ 
workload of fixed- and rotary-wing aviators during varying 
tactical missions with special emphasis on the quantification 
and interpretation of these data, on their relation to vari¬ 
ables, such as pilot physiological and psychological states, 
and on task loading comprises a second objective of this pro¬ 
gram. Further efforts include determining decision require¬ 
ments/processing limitations of man and developing predictive 
models identifying cognitive capabilities and overload criteria 
incurred by highly sophisticated aircraft technology within a 
combat environment, defining and quantifying aviator psychomotor 
processes with the biomedical parameters affecting aviation 
personnel during sustained military operations. 

Progress: Considerable research effort has been accomplished 
within the past year regarding cognitive workload and psychologi¬ 
cal measurements. Two technical reports have been published deal 
ing with psychological effects of Army aviators imposed by heat 
stress while wearing chemical defense ensembles. An invitation 
was received from the Commanding General, 7th Medical Command, 
US Armv, Europe, to study cognitive and affective changes in 
aeroiuedical evacuation pilots participating in REFORGER 83. A 
research team of five personnel spent over 30 days in Germany 
conducting this study. The instrument utilized was the Psycho¬ 
logical Assessment Battery (PAB) which was programmed to be used 
in conjunction with six Apple computers. The computers were pre¬ 
shipped to Europe, set up in field conditions, operated success¬ 
fully, and then returned to Fort Rucker, Alabama. This demon¬ 
strates the high utility and potential of this system for further 
use in field environment studies. 

A concept evaluation was completed regarding a mini-heads-up 
display to be Used with night vision goggles. This instrument 
consists of a pair of adjustable spectacles, numeric symbol 
generator, dynamic attitude generator, and a custom microcomputer 
Aircraft information, such as heading, airspeed, altitude, pitch 
and roll, etc., is displayed to the pilot on the glass pieces 
via a fiber optic bundle into light emitting diodes. Data 
analysis of another studv involving night vision goggles has been 



completed. This study examined the effects of extended use of 
night vision goggles on helicopter pilots. 

Considerable effort and resources have been expended during the 
past vear toward developing a research protocol to studv the 
effects of chemical warfare antidotes on aviator performance. 
An extensive literature review was completed, which included 
both physiological and behavioral effects of the antidotes 
involved. Flight profiles to be utilized during the simulator 
phase and the actual flight phase have been developed. Support 
and research equipment, as well as additional manpower require¬ 
ments, have been identified and requested. 

Publications! Psychological Effects of Chemical Defense 
Ensemble Imposed Heat Stress on Army 
Aviators, USAARL RPT 83-6. 

Psychological Measurements During the Wear 
of the U.S. Aircrew Chemical Defense Ensemble, 
USAARL RPT 83-7. 

Presentations! Army Aviator Fatigue During a 21-Day Field 
Training Exercise, presented to Army Aero- 
medical Concepts Review Committee, Feb 83. 

Selected Factors Affecting Aircrew Perform¬ 
ance During Sustained Operations, presented 
to the US Army Operational Aeromedical 
Problems Course, Apr 83. 

Selected Factors Affecting Aircrew Perform¬ 
ance During Sustained Operations, presented 
to the Aerospace Medical Panel Symposium, 
Advisory Group for Aerospace Research and 
Development, Apr 83. 

Performance on a Memory and Search Task (MAST) 
by Army Aviators During a 21-Day Field Train¬ 
ing Exercise, presented to Second Symposium 
on Aviation Psychology, Apr 83. 

Progress in Army Helicopter Flight Simulation, 
presented to Second Symposium on Aviation 
Psychology, Apr 83. 

Overview of the Biomedical Applications 
Research Division, USAARL, presented to AMEDD 
Behavioral Sciences Research and Development, 
Apr 83. 
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DD 1498: The above W3rk was conducted under Research and 
fechnology Work Unit Summaries: 

Research Directed at Biomedical Parameters Affecting Air¬ 
crew Workload During Sustained Operations, DAOG 0153, 161. 

Parametric, Multimodal Workload Assessment in Aircraft 
Guidance Systems, DAOG 6101, 163. 

Aeromedical Research of Operationally Significant Prob¬ 
lems in the Army Aviation Environment, DAOG 0151, 165. 

Visual Performance Research Related to Operational Prob¬ 
lems in Army Aviation, DAOG 0156, 162. 

Contributing l\ork: Work conducted under one customer - funded 
and one contract project contributed to the research objectives 
of this program. 

Night Vision Goggles Attitude Display Concept Evaluation 
Program 

Statistical Analysis of Visual Performance of Helicopter 
Pilots During Instrument Flight 

*V 
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Anthropometry 
and Ergonomics Program^ 
Criteria for Army Aviators 

Background: With the emphasis upon incorporating females 
into the U.S. Army, there came the increasing realization that 
empirically-based criteria to guide the selection of personnel 
did not exist. For those seeking entrance into the Army avia¬ 
tion program, the criteria have traditionally been based on 
the 5th-9Sth percentile male. To rectify this circumstance, 
the laboratory embarked upon a major research effort to develop 
empirically-based selection standards to assure that an effec¬ 
tive aviator-cockpit interface exists for each of the aircraft 
in the present Army inventory. 

The program consists of five separate subprojects: (a) 
A physical determination of aircraft cockpit reach-related 
requirements; (b) a determination of actual, cockpit-referenced 
eye positions of rated Army aviators for the Army's principal 
rotary wing aircraft; (c) a determination of the in-flight ^ 
contro1 - force requirements which exist during "hydraulics oft 
emergency landing maneuvers; (d) a determination of helicopter- 
control -related physical forces exertion capabilities; and 
ie) an evaluation of the effects of variation in the level 
of control force resistance upon performance as a function 
of subject strength. 

Objective: xhe objective is to establish anthropometric 
size, strength, and weight criteria for Army aviators. 

Progress: Cockpit Compatibility EvaluâtiOILS.• Individuals 
comprising small groups of tall and short subjects were placed 
separately in the cockpit of each type of US Army aircraft 
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to evaluate upper- and lower-body reach compatibility. These 
evaluations were performed in two clothing configurât ions •' (a) 
Warm weather training (Nomex® flight suit, SPH-^aviator ' s 
helmet, boots, and survival vest) and (b) cold weather, full 
tactical (extreme cold weather clothing, chemical defense 
ensemble--1 ess mask, SPH-4 helmet, and ar,. or-plated survival 
vest--as appropriate to the aircraft). The "large" group was 
comprised of 11 males ranging in stature from 182.3 centimeters 
(88th percentile) through 194.5 centimeters (99th percentile). 
The "small" group consisted of both males and females whose 
stature was equal to or less than that corresponding to a 5th 
percentile male. The stature of these eight ranged from 146.9 
centimeters through 162.5 centimeters. The data which resulted 
are in the final stages of analysis. Reports will be completed 
by March 1984. 

Seated Eye Position Evaluations. To provide data relevant 
to forward fie1d-of-view considerations, data were generated 
regarding the cockpit-referenced seated eye position of the 
US Army aviators. Rated aviators were laterally photographed 
in several of the US Army's principal rotary-wing aircraft: 
TH-55A trainer, OH-58C observation helicopter, UH-1H utility 
helicopter, UH-6UA utility helicopter, CH-47C cargo helicopter, 
and the AH-1S attack helicopter. The photographs were taken 
using hangared aircraft. Each aviator adjusted the seat and 
controls to his preference. In addition to the photograph, 
control adjustments were recorded and anthropometric data were 
obtained from each aviator. Data describing the matrix of 
eye positions recorded and comparing them to the design-eye- 
position for each aircraft will be published in a report to 
be completed by March 1984. 

Strength. Assessment. Data have been collected regarding 
helicopter cyclic-, collective, and pedal - related force exer¬ 
tion capabilities from 125 subjects. Male participants ranged 
in stature from the 2d through the 99th percentile; female 
participants ranged from the 5th through the 99th percentile. 
Data reduction currently is in progress with formal reports 
anticipated to be completed by August 1984. 

C(intr61—Force Requirements. To determine the force inputs 
required and to evaluate the possible influence of pilot expe¬ 
rience upon these inputs, data were collected from the strain- 
gauge instrumented controls of an Army UH-1H utility helicopter 
during the final 6Ü seconds of 60 "hydraulics-off" approaches 
and landings. Six highly-experienced aviators (>.1200 hours, 
X = 2292) and six less experienced aviators (<. 200 hours, 
X = 183) each flew five of these training maneuvers. These 
data presently are undergoing reduction and analysis. The 
report is anticipated to be completed by the third quarter, 
FY 84. 
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Exertion-Related Performance Analysis. This project ad¬ 
dresses the issue of adequacy of overall performance of small, 
medium, and large subjects of both sexes during the performance 
of flight-related tasks upon helicopter controls as a function 
of variation in inherent task complexity and variation in the 
level of control force resistance. Major hardware components 
have been acquired. The writing of software to manipulate 
control force requirements and level of tracking task diffi¬ 
culty has been initiated. Preliminary studies have been under¬ 
taken to evaluate size, strength, and gender as factors affect¬ 
ing the performance of a secondary tone memory task performed 
in conjunction with either a hand- or foot-controlded primary 
tracking task. The data reduction and analysis of these data 
presently are in progress; reports will be rendered during 
the coming year. 

DD 1498: The above work was conducted under the following 
Research and Technology Work Unit Summary. 

Anthropometric Criteria for Army Aviators, DAOG 6102, 
166. 
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Soldier Chemical Warfare Agent 
Antidote Program Area 

The overall objective of this program area is establishment 
of the visual effects data base required to develop safe and 
efficacious prophylaxes, pretreatment compounds, antidotes, and 
therapeutics necessary to assure individual protection, rapid 
return to duty, and militarily effective soldier performance on 
a CW battlefield. This will require development of (a) medical 
concepts and technologies, (b) pharmacologic material, and (c) 
resources and systems for prevention, treatment, and management 
of CW agent casualties. Emphasis is placed on development of 
antidotes that will assure soldier protection against nerve 
agents while preserving visual capabilities necessary to main¬ 
tain combat effectiveness. 
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Antidote and Antidote/Agent Effects 

on the Visual System Program 

Background: The chemical warfare (CW) capabilities of the 
Warsaw Pact pose a real threat for potential mass casualties 
that could at the very least compromise unit effectiveness. 
Serious deficiencies in the existing protective capabilities 
include the lack of CW agent prophylaxes, an incomplete spec¬ 
trum of antidotes, and antidotes with operationally compromis¬ 
ing side-effects. The urgent DOD requirement to develop pro¬ 
phylaxes, pretreatment compounds and antidotes, and the neces¬ 
sary concepts for their use in the medical management of CW 
casualties cannot be accomplished through the utilisation of 
currently available information and technology. We do not know 
the mechanisms of action for the current CW agents or their 
suspected antidotes or possible prophylactic compounds. And 
there is even less information regarding the combination of the 
three . 

CW agents, especially the nerve agents (organophosphates), 
have diverse toxic effects on both the central and peripheral 
nervous systems. Many of the central and peripheral toxicities 
consist of disruptions of neural functions related to the ac¬ 
tion of organophosphates on neural transmission in the cholin¬ 
ergic system, where acetylcholine is the known neurotransmitter. 
We know that acetylcholine is important in control of pupil 
size as well as the processing of visual information by the 
retina. It may also be important at more central visual loca¬ 
tions. However, neurotransmitters other than acetylcholine may 
also be involved and contribute to organophosphate-induced 
neurotoxicity. 

In any battlefield situation, the soldier's capability to 
perform visual tasks is critical for completion of the mission. 
With widespread use of CW agents, the survival of the unit, as 
well as the individual, may depend on visual capabilities. 
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Consequently, the Army's effort to develop antidotes, pretreat¬ 
ments, and prophylactics require valid information on the ef¬ 
fects of these compounds on visual functions. The primary 
objective of this researcli program is to develop a comprehensive 
biomedical data base on the effects of selected nerve agents, 
candidate antidotes, possible prophylactic compounds, or combi¬ 
nations of the three on the retina and higher visual centers. 
Animal models will be selected or developed to enable infer¬ 
ences regarding effects on the human visual system of various 
agent/antidote/prophylactic compound combinations, bltimatelv, 
methods will be developed to predict how well a soldier will be 
able to visually complete his mission following a specified 
exposure. 

Objective : lhe following technical objectives are required 
to achieve the program's goals: 

(1) Characterization of the effects of nerve agents and/or 
their antidotes or pretreatments on retinal functions by means 
of acute and chronic animal experiments utilizing neurophysio¬ 
logical techniques. The retinal functions to be evaluated 
include: light/dark adaptation, relative sensitivities across 
classes of retinal neurons, spatial-témpora 1 contrast sensitiv¬ 
ities, stimulus-response relationships, receptive field proper¬ 
ties, and spontaneous activity. 

(.2) Quantification of transmission loss along the visual 
pathway with gross potential neurophysiological recording 
techniques, and assessment of performance loss due to drug 
exposure. 

(3J Assessment of cholinergic system interactions with 
other transmitters in the visual system following drug admini¬ 
stration . 

(4) Identification of sites of action and uptake of anti¬ 
dotes and agents within the visual system by means of autoradi¬ 
ography to provide additional information as to the mechanisms 
of action and the possible occurrence of local pooling of nerve 
agent. 

(5J Comparison of single cell data with gross potential 
and anatomical findings to provide an overall picture of visual 
systems function following antidote/agent insult. 

(b) Development of models and techniques to predict impact 
on human visual performance and combat effectiveness. 
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Progress: Protocols have been completed and approved and 
experiments begun on antidote and antidote/agent effects on the 
visual system. Initial experiments assessing the effect of 
physostigmine (a carbamate) and DFP (an organophosphate) on the 
cortical visual evoked potential (VHP) in cats were complicated 
by the instability of aqueous solutions of physostigmine and 
DFP. Cholinesterase assays now are being done and enzyme levels 
correlated with changes in the VHP. Preliminary experiments 
have suggested reduction of the VHP with physostigmine and some 
recovery following atropine. 

experiments assessing the effect of the carbamates physo¬ 
st igmine and pyridostigmine and the organophosphate DFP on the 
cortical visual evoked response (VER) in cats have been con¬ 
ducted. Physostigmine produced a marked decrement in the VER. 
Physostigmine sulfate preferentially reduced the response to 
low spatial frequencies while minimally affecting the response 
to high spatial frequencies. Physostigmine salicylate reduced 
the response to all spatial frequencies approximately equally. 
Currently, we cannot explain the differential effect due to 
the two physostigmines. EEC amplitude and blood acetylcho¬ 
linesterase (ACHE) levels were depressed by both drugs. The 
visual loss in both cases could be reversed by atropine. 

Pyridostigmine, a quaternary carbamate which does not 
readily cross the blood-retinal or blood-brain barrier, moder¬ 
ately depressed the VER at higher dose levels in one of two 
cats studied. Atropine reversed the depression in the VER. 

DFP, an irreversible organophosphate inhibitor of AChE, 
reduced VER amplitudes and cholinesterase levels in a somewhat 
dose-dopendent manner. Although not as striking as with 
physostigmine sulfate, there was a tendency for greater VER 
reduction at the lower spatial frequencies. Administration of 
atropine sulfate provided at least partial recovery of the VER. 
Slow spontaneous visual recovery to baseline levels occurred 
within 10 hours after DFP, even though there was no recovery 
in enzyme activity. 

Since atronine provided partial recovery of the VER, an 
accumulation of acetylcholine (ACh) likely is involved in the 
initial visual loss. Spontaneous recovery of the VER without 
recovery of cholinesterase levels suggests the involvement of 
mechanisms in addition to ACh accumulation. Studies of both 
true and pseudocholinesterase activity after DFP suggest that 
only activ'ity related to AChE (true cholinesterase) is involved 
in this effect. Single unit studies to identify specific in¬ 
volved retinal neurons now are underway. 
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DD 1498« Inis work was conducted under Research and 
lechnology Work Unit Summary. 

Antidote and Antidote/Agent Effects on the Visual System, 
DAOG 8399, 581. 
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Technical Participation 

Air Standardization Coordinating Committee 
(ASCO Working Party 61, Aerospace 

The Air Standardization Coordinating Committee (ASCC) 
Working Party 61 is a chartered international military organi¬ 
zation of English-speaking nations which addresses aerospace 
medicine and life support. Emphasis is placed on standardiza¬ 
tion, interoperability, and technology exchange. Member nations 
include the United States, Canada, United Kingdom, Australia, 
and New Zealand. USAARL provides technical consultants and a 
principal committee representative to actively participate in 
the committee’s activities and to coordinate Army Medical 
Department (.AMEDD) participation. MAJ(P) Bruce Leibrecht 
represents the laboratory and Army Aviation Medicine to this 
group. 

International Test Participation Agreements 

The ASCC is chartered to negotiate test participation 
agreements between member nations and military services. These 
agreements provide for the evaluation, use, test, or review of 
a specific piece of equipment by another country or service not 
normally having access to that equipment. The evaluation data 
may be jointly gathered but, in any event, is shared between 
countries and published as a formal report in accordance with 
the terms of the agreement. 
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NAS-NRC, Committees on Vision 
and Hearing, Bioacoustics, 
and Biomechanics 

i'- 

USAARL has been an active participant in the science and 
technöiogy exchange programs of the National Research Council 
•aRL) since the mid-bOs. USAARL scientists participate as 
uoi mg members oi the various ad hoc and working groups of 
tne acouslics and vision committees. The Army representative 
i?u^\LOnT\tet> .°n Hearing’ Bioacoustics, and Biomechanics 
\!ATrD^Vnd t^e.!;onm1lttee on Vision (COVIS) is USAARL scientist, 
NIAJ(P) Bruce Leibrecht. Dr. James Patterson, Dr. Isaac Behar, 
niL u0M Lr0uley >lr- Robert T. Camp, Mr. Ben Moco, and 
Dr. William Howse also participate actively. 

American National Standards Institute 
(ANSI) Committees SI, S3, and S12 

hese committees operate under the Acoustical Society of 
America by agreement with ANSI. They raanage the development 
ot a variety ot National Acoustical Standards and coordinate 
international standardization in these areas. In 1983, USAARL 
became a member of these three committees. USAARL representa¬ 
tives are Dr. James Patterson and Mr. Ben Mozo. 

United Kingdom NBC Protective 
Clothing Ensemble 

In 19. , USAARL entered into a test participation agreement 
wit.i tne Institute oi Aviation Medicine at Fainborough, England, 
to conduct a physiologic assessment of the United Kingdom Air¬ 
crew NBC Protective Clothing Lnsemble. This study includes field 
trials and laboratory tests oi the visual and acoustic properties 
ot the AR5 respirator as well as in-flight biomedical assessment 
ot the entire ensemble's effect on pilot performance and pilot 
thermal physiology. Aspects of this in-depth study are being 
conducted in conjunction with the Ergonomics Laboratorv at the 
U.S. Army Research Institute of Environmental Medicine' (USARIEM), 
Natick, MA, and the Crew Biotechnology Branch of the USAF School 
ot Aerospace Medicine, Brooks AFB, Texas. Three reports were 
published and six présentâtions made on this study in FY 83. 



Advisory Group for Aerospace Research 

and Development--Aerospace Medical Panel 

This panel was established in May 1952 and was an early 
pioneer in AGARD to discharge the mission of bringing together 
leading personalities of the NATO nations in the fields of 
science and technology relating to aerospace. The Aerospace 
Medical Panel (AMP) is concerned with the exchange of infor¬ 
mation on aerospace medical research and development, the 
recognition of operationally-oriented requirements of clinical 
aerospace medicine, the solution of human engineering problems, 
and the stimulation of new research activities to assist and 
enhance pilot performance in the demanding aviation environ¬ 
ment. The panel has formally chartered subcommittees con¬ 
cerned with the specific problems of behavioral sciences, 
biodynamics, special clinical and physiological problems in 
military aviation, and special senses. 

USAARL has been an active participant with this panel 
since 1963. Members of the laboratory serve on AMP subcom¬ 
mittees as technical consultants. COL Dudley R. Price is^ 
under appointment by the National Board of Delegates to AGARD/ 
NATO as the US Army representative on this panel. 

NATO Defense Research Group Panel, 

Research Group 6, Effects of Impulse Noise 

Formed in 1978, Canada, France, Germany, the Netherlands, 
Norway, the United Kingdom, and the United States collect and 
evaluate data on permanent threshold shifts induced by shooting 
noise in military practice from both light and heavy weapons 
in relation to the noise exposure. The group evaluates methods 
of measurement of impulse noise and compares the different im¬ 
pulse noise damage risk criteria used by the participating 
nations. It evaluates the effects of noise-induced hearing loss 
on performance, collects and evaluates data on nonauditory ef¬ 
fects, and exchanges information on the applicability of hearing 
protectors on the effects of hearing protection in military 
practice. 

Dr. James Patterson was appointed to membership in this 
working group in i980. 
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Tri-Service Life Support Equipment 
Retrieval Program 

USAAiíL conducts a tri-service life support equipment 
retrieval program (LSERP^ which brings crash - damaged helmets, 
seats, and flight clothing to our facility for analysis and 
study. Helmets are the items most often received from the 
Air Force and Navy. 

Army aviation life support equipment involved in eithei 
injury causation or prevention, in the field, is sent to 
USAARL for biomedical and injury correlation evaluation. Ihe 
evaluation assesses the effectiveness or deficiencies or 
the life support equipment through an analysis of the physical 
condition of the protective devices, the human injury incurred, 
and the related human dynamics involved in the accident. 

Data collected through the LSERP helps identity hazard 
protection problems associated with the equipment. Also, 
these data enable USAARL to provide injury-reducing design 
recommendations and health criteria for the improvement of 
life support equipment. The Navy Medical Department main¬ 
tains a permanent position for a Navy aerospace physiologist 
at USAARL to support this program. 

Army Life Support Equipment 
Steering Council 

This advisory council was chartered in the mid-197Us by 
the Commanding Generals of the US Army Materiel Research and 
Development Command (DARCOM) and US Army Training and Doctrine 
Command (TRADOC), the Office of The Army Surgeon General, and 
Forces Command This is a review and advisory council that 
insures timely and pertinent technical exchange of information 
regarding the development, logistics, use, and field problems 
associated with Army aviation life support equipment. The 
committee meetings held yearly have proven to be an effective 
vehicle for maintaining a coordinated flow of technical informa¬ 
tion regarding life support equipment and supplying the solu¬ 
tions for many technical and administrative life support equip¬ 
ment problems of the Army. USAARL participates as the principal 
technical consultant to the council and is instrumental in for¬ 
mulating AMEDD positions and policies. 
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Tri-Service Aeromedical Research Panel 

The Tri-Service Aeromedical Research Panel (TARP) was 
established in 1976 for the purpose of fostering technical 
exchange, reviewing ongoing joint research programs, making 
recommendations for future joint research programs, conducting 
cooperative reviews of individual programs to avoid duplica¬ 
tion, and submitting a recommended course of action to The 
Surgeons General. The panel has proven to be an effective 
administrative entity in the DOD research community. 

The TARP consists of 12 members which include two labora¬ 
tory representatives from each service; a Surgeon General's 
representative from each service; one representative of the 
US Army Medical Research and Development Command; one repre¬ 
sentative of the Naval Medical Research and Development Com¬ 
mand; and one representative of the Headquarters, Air Force 
Aerospace Medical Division, or Headquarters, Air Force Systems 
Command. The TARP meets in business session twice a year 
and hosts one extensive technical meeting. The 1982 fall 
technical meeting on "Aeromedical Evacuation, Equipment, and 
Procedures" was hosted by USAARL on 18-19 October. There 
were 83 attendees at this meeting, and 13 presentations were 
made by members of the Army, Navy, and Air Force. 

COL Dudley R. Price serves as the Army senior service 
representative and Deputy Cochairman ct TARP, and LTC J. D. 
LaMothe represents the laboratory's inteiCots. 

The TARP has the authority to charter technical working 
groups (TWG) for the purpose of interacting at the scientific 
bench level and working on viable interservice cooperative 
research programs. At present, only one TWG exists--the one 
for Biodynamics: The Human Effects of Vibration, Impact, 
and Acceleration. Under the auspices of this TWG, a joint 
service, Department of Transportation study to develop a stan¬ 
dardized set of algorithms that describe the 50th percentile 
male aircrewman has been accomplished and a draft report was 
written. The TWG meets formally twice a year and other times 
as necessary. USAARL hosted a TWG meeting 20-22 September 1983. 
The agenda included a review of the draft of the Standard 
Man Project and DD Forms 1498 from all three services on re¬ 
search and development efforts initiated during the past two 
years . 

Mr. Joseph Haley and CPT Roy Maday are the laboratory 
representatives for the TWG. 
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Tri-Service and NASA Human Factors 
Engineering Technical Advisory Group 

Because of the diversity of the subject matter covered by 
the human factors engineering discipline, the scope of technical 
areas addressed by the Technical Advisory Group (TAG) is neces¬ 
sarily broad. In general, human factors engineering (HFE), as 
defined for the purposes of TAG operation, deals with concepts, 
data, methodologies, and procedures which are relevant to the 
development, operation, and maintenance of hardwa/e and software 
systems. Subject matter subsumes all technologies aimed at under¬ 
standing and defining the capabilities of human operators and 
maintainers and insuring the integration of the human component 
into the total systems to enhance systems effectiveness. Tech¬ 
nologies directed toward improved manpower utilization through 
selection, classification, and training are included as appro¬ 
priate. 

TAG provides a mechanism for exchange of technical informa¬ 
tion in the development and application of HFE technology. This 
group enhances the coordination among government agencies and 
encourages in-depth technical interaction among subgroups in 
selected optical areas. TAG assists as required in the prepara¬ 
tion and coordination of tri-service documents such as technology 
coordinating papers and topical reviews. 

Army Aeromedical Concepts 
Review Committee (AACRC) 

The Army Aeromedical Concepts Review Committee (AACRC) is a 
standing committee of the AMEDD for the purpose of collecting and 
disseminating information relative to aeromedical evacuation co- 
cepts, equipment, and techniques, and preparing coordinated AMEDD 
positions on Army aeromedical evacuation issues. The committee 
meets formally once a year with representation from the worldwide 
AMEDD aviation community, Army Reserve, National Guard Bureaus, 
and DA Deputy Chief of Staff for Operations (DCSOPS), and other 
agencies as appropriate. USAARL, with a mission that includes 
aeromedical evacuation equipment development as well as general 
aviation medicine support that encompasses AMEDD aviation, has 
a long-standing history of intimate participation in the 
committee's activities. 
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Committees 

Committee Affiliation 

AEROSPAŒ .'liDIGXL ASSOCIATION 

Scientific Progran Committee Member COL 
Member Dr. 

AMERICAN BURN ASSOCIATION 

Prevention Committee Member Dr. 

FEDERAL LABORATORY CONSORTIUM Member Ms. 

AIR STANDARDIZATION COORDINATING 
CONMITTEE (INTERNATIONAL) 

Working Party 61 (Aerospace Medicine Army MAJ 
and life support systems) Representatives LTC 

AMERICAN NATIONAL STANDARDS INSTITUTE 

51 Acoustics 

52 Mechanical Shock and Vibration 

53 Bioacoustics 

SI2 Noise 

Z90.1 Helmet Committee 

USAARL 
Representative Dr. 
Alternate Mr. 

Alternate Dr. 

USAARL 
Representative Dr, 
Alternate Mr. 

USAARL 
Representative Mr. 
Alternate Dr. 

Member Mr. 

Individual 

D. R. Price 
K. A. Kimball 

F. S. Knox III 

S. II. Bullock 

B. C. Leibrecht 
A. W. Schopper 

J. H. Patterson 
B. T. Mozo 

J. H. Patterson 

J. H. Patterson 
B. T. Mozo 

B, T. Mozo 
J. H. Patterson 

J. L. Kaley, Jr. 
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Committee Affiliation Individual 

53-62 Working Group on the Effects 
of Impulse Noise on Man Member 

Working Group on Real-Ear 
Attenuation Standards Member 

DEPARTMENT OF DEFENSE 

Aircrew Station Standardization 
Panel (Tri-Service) Member 

Joint Service Display Panel 
Subpanel on Display Devices Member 

Military Librarian's Workshop 
Program Committee Member 

Group on Specification Problems 
and Standardization Actions on 
Audio Devices Member 

Helicopter Research Coordinating 
Panel (Tri-Service) Member 

Human Factors Engineering Technical Member 
Advisory Group (Tri-Service) Me oer 

Tri-Service Aeromedical Research Member 
Panel (TARP) Member 

Tri-Service Aerospace Medical 
Coordination Technical Working 
Group Member 

DEPARTMENT OF THE ARMY 

Advanced Attack Helicopter Alter¬ 
nate System Safety Group Member 

Advanced Attack Helicopter Source Member 
Selection Evaluation Board Member 

Aircraft Noise, Working Group 
(MIL-STD-8806) Member 

Dr. J. 

Dr. J. 

LTC A. 

Mr. C. 

Ms. S. 

Mr. R. 

Dr. K. 

Dr. K. 
LTC A. 

COL D. 
LTC J. 

Mr. J. 

MAJ R. 

Mr. C. 
Mr. B. 

Mr. R. 

J. Patterson 

H. Patterson 

W. Schopper 

E. Rash 

H. Bullock 

T. Camp, Jr. 

A. Kimball 

A. Kimball 
W. Schopper 

R. Price 
D. LaMothe 

L. Haley, Jr. 

H. Schrimsher 

H. Rash 
T. Mozo 

, T. Camp, Jr. 
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Committee Affiliation Individual 

Army Aviation Personnel Require¬ 
ments for Sustained Operations, 
Study Advisory Grc’ip Member Dr. K 

Helicopter Medical Human Factors 
engineering Training/Selection 
Research Coordination ranel Member Dr. K 

USAMRDC Vision and Laser Member LTC J 
Bioeffects Subcommittee Member Dr. I 

Member Mr. C 

Source Selection Board on Ocular 
Protection Against Laser Hazards Member Mr. C 

USAMRDC Neuroscience Working Group Member Dr. A 
for Chemical Defense Member CPT T 

TSG Ad Hoc Committee on Hearing Member MAJ W 
Protective Devices Member Mr. R 

Member Dr. J 
Member Mr. B 

US AIR FORCE 

Test Plai Working Group: Second 
Generation Chemical Warfare Defense 
Personnel Protective Garment Program Member MAJ 

FEDERAL AVIATION ADMINISTRATION 

Seat Committee 

NATIONAL ACADEMY OF SCIENCES¬ 
NATIONAL RESEARCH COUNCIL 

Committee on Vision 

Member Mr. J 

Army 
Representative MAJ 
Member Dr. 
Member Dr. 

Committee on Hearing, Bioacoustics, 
and Biomechanics (CHABA) 

Army 
Representative MAJ 
Member Dr. 
Member Mr. 
Member Dr. 

. A. Kimball 

. A. Kimball 

. D. LaMothe 

. Behar 

. E. Rash 

. E. Rash 

. W. Kirby 

. H. Harding 

. R. Nelson 

. T. Camp, Jr. 

. H. Patterson 

. T. Mozo 

. A. Nagel 

. L. Haley, Jr. 
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tion of Fire/Burn Preventing Programs'' and Computers, Programs, and Statistics: Are iney 
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Objective: (0) Visual perception to Army aircrews is critical for pilotaçe navigation, and 
weapon utilization to fulfill various tactical requirements. The objective of this project 
is to provide U.S. Army aviation information regarding the visual performance of fixed and 
rotary wing aviators during varying tactical missions. Special emphasis will be placed on the 
objective quantification and interpretation of these data and their relation to variables such 
as pilot physiological and psychological states and task loading. 

Approach: (u) The approach will involve the utilization of an oculomotor monitoring and re¬ 
cording device for visual data collection during flight. Areas of research to be addressed 
will include: Aviator visual performance during conditions of VFR, IFR, night, and nap-of- 
the-earth (NOE) flights; day and night navigation; scout helicopter operations, and varying 
aircraft comparisons. Measurements of dwell times, scan rates, fixations, and zones of work¬ 
load will be analyzed to provide visual performance criteria and models. Future data collec¬ 
tion will include the use of workload ratings to clarify the relationship ^f oculomotor data 
to pilot workload, fatigue, and stress. 

Progress: (U) (6210-8309) Equipment to enhance eye movement measurement and analyses method¬ 
ology nas been received and tested. These techniques will be demonstrated at a workshop on 
"Measurement and Interpretation of Eye Motions" to be presented at the annual meeting of the 
Human Factors Society in Oct 83. A report of this methodology will be prepared for publica¬ 
tion in the second quarter, FY 84. Data reduction and analysis of eye movement data during 
'liant in OH-58 and UH-1 neliçopters have been completed, The results.of this work Kill be k 
submitted for publication during the second quartef, FY 84. More rapid progress on this worn 
unit can pe expected with the return of the primary investigator from long-term civilian 
training in January 1984. 
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Objective: (U) Conduct applied medical research to identify, assess, and prevent unnecessary 
health hazards and personnel injuries imposed by exposure to the operational environment, toxic 
gases, oxygen levels, chemical and biological agents, and to provide the Army technical infor¬ 
mation, recommendations, and standards to be used in che development and modification of systems 
that provide protection from those hazards. 

Approach: (U) Application of physiological and biomedical applied research methods utilizing 
physical examinations, X-rays, and biochemical analysis techniques to isolate the hazards in¬ 
volved and determine required protective measures. Establishment of biomedical requirements 
of environmental control systems and oxygen generating systems, life support survival equipment, 
and aeromedical evacuation and rescue equipment. 

Progress: (U) (8303-3309) Results of study of chemical defense ensembles worn in hot weather 
were reported in USAARL Reports 83-4, 83-6, and 82-6. Biochemistry and physiology labs were 
expanded to prepare for a study of effects of antidotes and pretreatment drugs on pilot perform¬ 
ance. Proposed not weather study (summer 84) looking at new ensembles has been discussed with 
AVRADC0M. Data collected on a prototype microclimate cooling system were reviewed and analyzed 
for possible publication. A presentation of USAARL Reports 83-4 and 83-6 was made at a con¬ 
ference on orotective clothing in Lyon, France. Future empnasis will be on new ensembles and 
drug effects. 
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ÔŸ t7?TTo'iSriT¿SToTrdrrdmrrfrr.^sessment of medical 
problems peculiar to the aviation environment and prepare guidelines for field comnanders on 
the impact of these problems on the aviation mission. The results of such research will aid in 
development of improved standards and biomedical techniques for the field flight surgeon to use 
in monitoring and treating aviator stress and fatigue as well as the medical standards for se¬ 
lection of aviators id air traffic controllers for specific assignments. 

Approach: (U) Operational aviation units will be observed to identify significant aeromedical 
problems. As problems are identified, scientific methodologies will be evaluated to ensure 
applicability and scientific evidence. Appropriate methodologies will quantify the extent 
of the problem and assist a multidisciplinary team in isolating controlling variables and the 
effect of proposed ameliorating changes. 

Progress: (U) (8303-8309) The psychological effects of heat stress imposed by chemical de¬ 
fense ensembles have been studieo and reported in USAARL Report No. 33-6. A baseline study 
of the psychological effects of weat ng the chemical defense ensemble in the absence of heat 
stress «as reporteo in LSAARL Report No. 83-7. Analysis of the effects of a field deployment 
of aviators to the National Training Center was completed and the results published at the 
Second Symposium on Aviation Psychology. A 5-member team was deployed to two field sites in 
Germany to oocument •itigue and cognitive changes in aviators participating in’REFORGER 83 with 
data collection conc.uding on 30 Sep 83. Approvals have been granted to modify the Division's 
physical plant in order to provide psychological and neurophysiological test capabilities for 
subjects participating in extended in-house research. 
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Object: (0) To provide biomedical impact criteria for the development of Improved whole body pro¬ 
tection, and to aesess the protective performance of helmets and whole body protective apparatua. 

Improved head protection from impact la very Important because one of three aviation crash fa¬ 

talities is a result of head and/or neck trauma. 
Approach: (U) The approach la based on accepted experimental bioengineering methods (mathematical 

Dodellng, pathophysiologic techniques, biomechanics, structuring,, engineering, and physics). This 

aork unit supports the Armv's responsibility for a,nlled head-impact research for all three ser- 

alces. 
Progress: (U) 8210-8309. Continued effort has been expended on the evaluation of various foams 

and helmet shell combinations. A final report Is being written. Additional impact test data 

aere provided to the Integrated Helmet Program Manager. A total of 15 Impact tests with human 

surrogates on new "crushable" earcups for use in the SPH-4 or other flight helmets were completed 

Comparative impact tests of OH-60 crew seats were begun at the FAA test facility at Oklahoma City , 

Oklahoma, but the tests are not complete. Evaluations of crash-dimaged seats, restraints, and 

telmets continued: Five severe crashes of the UH-60 have revealec good lifesaving performance of 

the crew seat but showed problems w4th the troop seat. Plans for the construction of a .50—cal 

firing facility have been completed; the facility is to be used for .50-cal vest evaluations. 

The Staged Personnel Parachute System test plan was reviewed and test recommend; tions made to 

TECOM. Test components were received and assembled to conduct helmet retention tests for the US 
Navy in first half of FY 84. Instrumentation and wrsonnel were provided to the Human Engineer¬ 

ing Laboratory to determine the tolerance of tank gunners to muzzle brake impact from large-bore 

weapons on tanks; a report on this work was completed, Since no physiological research is cur¬ 

rently being done under this unit, this program is terminated and unfinished ta»ks will be con¬ 
tinued under Agency Accession Number DAOG0167. 
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Objective: (U) To provide bioMdical impact and teat criteria for new and exiating life aupport 

equipment for US Army personnel. 
Approach: (U) The approach is baaed on accepted bioengineering methoda including: (1) Selected 
accident inveatigations to determine vehicle kcinetlce and klnematica, (2) impact tearing of occu¬ 
pant restraint systems and helmets, (3) head impact simulations to relate helmet protection to 
human tolerance, (4) anthropomorphic (duamy) impacts to determine the performance >f energy- 
absorbing devices to minimize the effect of forces on the body, (5) analysis of („rachute riser 
loads to relate to human tolerance and, (6) development of teat methods for helmets and other 

life support equipment. 
Progress: (U) None. 
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Objective: (U) The Increased concern about the use of women In Che Aray has resultad In the 

need to reevaluate the anthropometric criteria cited in AR 40-301 concerning Claas 1, LA, and 2 

flying duty. Cockpit design criteria in MIL STD 1472B Indicate that aircraft designers are to 

utilize the 5th-95th percentile male. Standards cited in AR 40-501 are not consistent with 

these guidelines, and previously conducted research haa indicated chat personnel sneller then 

the 5th percentile male are capable of flying some Army aircraft. Hence, a need exists to re¬ 

evaluate and modify, as appropriate, extant anthropometric criteria. 

Approach: tU) Anthropometric data, including strength and weight measurements, will be obtainec 

from males and females whose statures are less than 64 Inches or greater than 73 Inches, These 

data will be compared with che cockpit-related dimensions and individuals will be placed in air" 

craft to determine the anthropometric, criteria. W“ight criteria will be bated on: Crash- 

survivablllty considerations, aircraft weight and alance considerations, and medical obesity 

guidance. Strength criteria will be based on a consideration of both the maximtmi forca require« 

to fly selected Arov aircraft and the evaluation of sustained physical exertl n upon cognitive 

and psvchosensory capabilities while performing multielement tracking tasks using aircreft con1 

trois which require varied levels of physical force input for their operation. 

Progress: (U) 8210-8309. Data collection has been comp’eted for the cockpit compatibility, 

seated eye height, strength assessment, and in-flight contiol-force determination portions of 

the studv. Data reduction and analysis are presently in progress in each of these areas. 
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Objective: (U) Provide technlcologlcaldata baae tor biomedical evaluation of life support 
equipment (LSE) correlated with Injury data; identify hasards associated with LSE and provide 
design recommendations to Improve LSE and personnel armor for use under combat condltlona; pro¬ 
vide evaluation of crash-related LSE through trlservice LSE Retrieval Program (LSERP3. Data 
collected will be used to help Increase mission effectiveness by protecting aircrew •■sm environ* 
mental and enemy weapon's hazards. Injury prevention will conserve the fighting str. ogth of our 
highly trained aircrews in combat. 
Approach: (U) Army aviation LSE involved in accidents is sent to USAARL for biomedical and in¬ 
jury correlation to assess the effectiveness/deficiencies of the LSE through the physical con¬ 
dition of the protective devices, the injury Incurred, and the human dynamics in the accident. 
This is done bv epidemiologic methods, medical engineering failure model analysis, accident in¬ 
vestigative procedures, forensic pathology, mathematical modeling, and bioeng:. eerlng research 
techniques. A helmet retention study for the US Navy also is scheduled for tl.*s year as a leg¬ 
acy from agency accession number DAOD6735. 
Progress: (U) 8209-8305. Technical reports on German helicopter seat evaluations and the im¬ 
pact response of crushable earcups have been published. Articles have been accepted for pub¬ 
lication In Aviation. Space and Environmental Medicine on basilar skull fractures in Army air 
accidents, spinal Injury in light observation helicopters, and a preliminary study on helicopter 
pilot back pain. A helicopter back pain questionnaire survey involving 1100 subjects .s being 
analyzed and will be submitted for publication within the year. The LSERP is being revamped and 
upgraded bv a full-time life support specialist chief warrant officer. During this time ir 
this individual was sent by this laboratory to attend the Crash Survival Investigator School and 
-.he Army Aviation Life Support Specialist School. 
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Objective: (U) Sophisticated avionics, weapon systems, and taxing flight profiles place great 

demands upon aviator information processing abilities. The objective of this work unit is to 

provide measures of workload and cognition in order to critically assess the capabilities and 

limitations of aviators. 
Approach: (U> Tactical scenarios are analyzed to determine stressful and fatiguing components 

which adversely affect the aviator's mission accomplishment •. Psychological and visual/ 

psychomotor tests are identified or developed with the goal 'f being specifically tailored to 

the aviation scenario. 
Progress: (U) This work unit is being terminated. Research mder this project is being con 

solidated with Work Unit 165, Agency Accession DAOC0151. 
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va 3A 
Objective: (U) To conduct smltldlscipl.lnary basic and applied bioaedlcal engineering research to 

determine short-term and cumulative biomedical effects of vibration on the operators of military 

vehicles and equipment ."md develop methods to reduce these effects. To duplicate the military 

field environment of vibration to study effects on soldier health and performance. To prr 'tde a 

scientific data Base of milltarily-relevant, medically-pertinent information on vibratior. ffects. 

To evaluate and develop medical criteria on hianan vibration tolerance and to provide collateral 

support to human tolerance studies and materiel development. To aid in minimizing fatigue and 

maximizing physiological efficiency and endurance in the combat environment. 
Approach: (U) Determine dvnamic characteristics of the advanced combat vehicle technology program 

seat by Courier transform techniques using instrumented human subjects on the USAARL multiaxis 

vibration table. Assess stress and fatigue reactions, including back muscle stress and fatigue, 

associated with operation of vehicle controls, video displays, target acquisition systems, and 

seat-coupled vibration by psychophysiologlc and electromyographic techniques. 
Progress: (U) 8210-8309. A draft report on low back pain assessment of US Army aviators was com¬ 

piled based on data collected by a subjective questionnaire. A report was completed which de¬ 

scribes the vibration and impact absorbing characteristics of a modified UH-1H crew seat. Work 

was initiated to effect an inflight evaluation of a helmet dynamometer approach to measuring head 

neck muscle stress. A report was drafted on the evaluation of human subject exposure to <ise 

while under experimental vibration conditions. A protocol was developed for measuring ne .. muscle 

stress as a function of helmet weight and helmet center of gravity in an operational environment 
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Objective: (U) To Integrate ultrastructural neuroanatoay with ongoing research In neurophysiology 

and neuropharmacology of the vertebrate visual system. To make an ultrastructural survey at dif¬ 

ferent neural levels and in specific cell types of the vertebrate visual system by using morpho¬ 

metric techniques to analyze the synaptology, connectivity, and overall morphology of he cell 

class tes) studied. To develop and employ techniques for specific localisation of sale ' ad elec¬ 

tron-dense, labeled compounds. By employing such techniques a more aolecular level of apprecia¬ 

tion will be gained in better understanding the structural, functional, and neurochemical organi¬ 

zations that yield the complex interactions that result In visual perceptions. 

Approach: (U) To study the ultrastructural organization of retinal plexiform layer cell using 

plastic-embedded ultrathln and thick sectioned tissue In an electron microscope. The structural 

organization of at least one retinal cell type will be studied using established morphometric 
techniques. The localization of putative neurotransmitters will be studied by employing selected 

electron-dei.ae, labeled compounds In established histological protocols. 
Progress: (U) 8204-8303. Development of laboratory instrumentation, software programs, and oper¬ 

ating procedures has continued. Experiments assessing the photoreceptor populations and optic 

nerves in turtle and bushbaby were begun. Planning and preparation of protocols for future ultra- 

structural research has continued. This work is being integrated into DAOG5999. 
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Objective: (U) To establish the necessary and sufficient biomedical data base to support valid 

noise exposure limits to insure adequate hearing protection of Army personnel exposed to continu¬ 

ous and Impulse noise. Comprehensive exposure-Injury data bases documenting the relationships be¬ 

tween physical noise parameters and patterns of auditory injury will support the development of 

valid noise exposure limits and noise hazard assessments of Army weep "ms. The ult ■'ate benefit 
will be reduced hearing loss among combat crewmembers. 

Approach (U) Behavioral, histological, and electrophysiological procedures are used with animal 

models, and audiometric and psychophysical procedures are used with human subjects. Physical 
characteristics of continuous and impulse noise environments will be correlated with patterns of 

hearing loss. 
Progress: (U) 8210-8309. A report describing a positive reinforcement procedure for audiometry 

of the swine was completed as part of the development of a large animal model (USAARL Repotr No. 

83-9). The results Indicated chat inad uate control of motivational levels was a major contribu¬ 

tor to a failure to obtain an acceptabl audiogram. The basic procedure appears promising if this 

problem can be resolved. Efforts to improve the motivational variables used in this study have 

been Initiated. Report preparation on a study of the role of pigmentation in susceptibility to 

hearing loss has continued. 
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Objective: (U) The technical objective* are to develop methods for assessing potential visual pro¬ 

blems created by military operational environments, to establish the underlying mechanisms of 

these visual problems, and to develop and evaluate methods for protecting and enhancing visual 

performance. The data provided will impact: (a) Crew selection and retention standards; (b) “PJ1* 

mal visual performance criteria; (c) observer-display compatibility; and (d) apse*ament of medical 

and nonmedical material. These Impacts will combine to prevent visual degradar!■-ns of the battle¬ 
field and enhance combat effectiveness. 
Approach: (U) The approach will Include physical optics techniques of photometry, redlometry, and 

colorimetrv; optics lab testing of distortion, prismatic deviation, power, transmittance, haze, 

neutrality, and resolution; psychophysical procedures using human observers; and visual evoked 

response techniques. 
Progress : (Uj 8210-8309. An in-flight test compared red vs. blue-gre«n cockpit lighting to deter¬ 

mine whether a secondary red lighting system is needed to preserve « rk adaptation for unaided 
nighttime flving. Blue-green cockpit lighting degraded visual sensitivity slightly compared to 

red, but the difference was sufficiently small that there does not appear to be a valid physio¬ 

logical requirement for dual cockpit lighting systems in Armv aircraft. Impact tests of specta¬ 

cles for use with the modified faceplate NVGa demonstrated that polycarbonate lenses afforded slg 

nifleantly greater shatter resistance than did CR39 or glass. Observers with low levels of astig¬ 

matism or high phoria did more poorly than normal observers on tests of static nd dynamic acuity 

under whole-body vibration. A refractive status survey of Fort Rucker aviators ;as completed; 

visual ind optical analyses of the XM-40 protective mask, the British S-10 respirator, and a poly¬ 

carbonate eye-armor candidate were performed; a computer program was written producing lunar il¬ 

lumination charts for NVG training; an analysis was performed of image smear in CRT displays due 

to scan rate and phosphor persistance. 
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Objective: (U) This research deteralnes the 

SftaüHÜSfl 
• Cmmt 

dlcal suitability of paaslve and active haarlng 
protective devices to meet the needs of the Army, develops new hearing protective devices, devel 

ops laboratory and field techniques for evaluation, and investigates associated medical effects 
on audiologic performance. Enhanced hearing protection will reduce the risk, of hearing loss 

among soldiers operating noise hazardous systems in training and combat. 
Approach: (U) Methods utilized for the determination of the sound attenuation characteristics 
of hearing protective devices will be ANSI Z22.24 and ANSI S3.19. Objective laboratory and fielt 
electroacoustic methods and standard audiometric techniques also will be used. 
Progress: (U) 8210-8309. Completed implementation of ANSI measurement standard S3.19. Evaluated 

multiple devices, including: experimental foam earplugs; E-A-R Model 600 earplugs; several pro¬ 
posed product improvements for the SPH-4 aviator's helmet; Initial production samples of the 
1HADSS helmet; the proposed crushable earcup for the SPH-4 helmet. Evaluated the effects of thi 
the XM-40 chemical defense mask on speech Intelligibility and real-ear attenuation characteris¬ 
tics of the SPH-4 helmet. Evaluated the real-ear attenuation characteristics of prototype Hel¬ 
met Compatible Cosmunlcation/Aural Protective Systems (HCCAPS). Provided Input to the military 
motorcycle helmet developer for the Statement of Need. Prepared noise hazard assessment of the 

Bradley Fighting Vehicle, using tester-furnished noise data. 
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Objective: (U) To define the au 'itory effects of bleet overpressure generated by Army weapon sys¬ 

tems. To provide noise hazard assessments for developstentsl materiel. To develop and validate 

more accurate tolerance limites for impulse noise. Research products will reduce the risk of 

hearing loss among crewmembers firing cannons, mortars, rockets, etc. 
Approach: (U) A three , onged approach is followed: (a) characterization of weapona noise and 

standards-based analys ■ of auditory hazard Implications; (b) direct validation of hearing pro¬ 

tective devices and development of indirect methods to determine their adequacy; and (c) inte¬ 

gration of exposure-Injury data bases into revised tolerance limits. 
Progress: (U) 8210-3309. Report preparation has continued on the results of the direct valida¬ 

tion of hearing protection for the M198/M203. The findings were used to develop recoMendatlons 

for new limits on the number of lower zone propelling charges to be used per training day. Com¬ 

puter programs for data analysis and Impulse noise generation were completed. Data collection 

was completed in the third experiment on the role of peak pressure in auditory injury from im¬ 

pulse noise. Data analysis is in progress. A major upgrade of the small animal (chinchilla) 

audiometric test facility was completed and validation tests were initiated. Nolae hazard anal¬ 

yses were completed for the ISlami mortar, two modified VIPER rounds, and five candidates to re¬ 

place the Light Antitank Weapon (LAW). All of these resulted in recomsmnded safe firing limits. 
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Objective: (U) The primary objective of this research program is to determine the effects of 

nerve agents and/or their antidotes on retina or higher visual mechanisms and/or processes. 

Transmission loss along the visual pathway, performance loes, and sites of action and uptake 

will be --«sessed. Results will be used to select and evaluate antidotes and phrophylactlcs to 

protect 'hi soldier against nerve agents. 

Approach: (U) The approach will include single and multiple neuron (gross potential) recording 

techniques in anesthetized animals. Histological and autoradiographic techniques will be used 

to localize sites of action and uptake. Gross potential data will be compared to anatomical and 

single unit findings. Results from these studies will be used to infer actions on the impairment 

of the human visual system and the ability of the soldier to visually complete his mission. 

Progress: (U) 8201-8309. Administration of physostlgmine sulfate or relatively low doses of DPI 

to cats preferentially reduced the visual evoked response (VER) to low spatial frequencies while 

minimally affecting the response to high spatial frequencies. Physostlgmine salicylate or high¬ 

er doses of DFP resulted in a uniform VER depression across all spatial frequencies. The de¬ 

pression after DFP correlates well with changes in acetylcholinesterase but not butyrylcholin- 

esterase, even though their hlstochemlcal localization is similar in the central visual pathway. 

In all cases the reduction could be reversed at least partially with atropine. Preliminary 

studies I ve shown that higher dose levels of pyridostigmine moderately depress the VER. 
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Objective: (U) The objective is to provide quantitative information on the physiological pro¬ 

cesses and mechanisms which underlie visual perception to provide a data base which supports ap¬ 

plied vision research. By exploring retinal and cortical processes which are involved In the 

transter of risual information, a quantitative link may be established between neural aachanlsas 

and visual performance. This will support development of countermeasures to offset the adverse 
effects of comta stressors. 

Approach: (U) Ine approach primarily includes single and multiple neuron recording techniques In 

animals and evoked potential and psychophysical procedurss in human subjects. Results from ani¬ 

mals will be used to construct models of the human visual system. A multidisciplinary approach 

will include (1) neurophysiology, neuropharmacology and neuroanatomy, (2) optical physics, optom¬ 
etry and physiological optics, and (3) sensory psychology. 

Progress: (U) 8210-8309. A "lethodological study compared human visual contrast sensitivity ob 

tained with the conventional .ethod and with a rapid assessment method developed in-house. The 

two methods yielded comparable results. A studv was completed which provided clear physiologies] 

evidence for spatial frequency selective channels in the cat visual system (T.H. Harding, R.W. 

Wiley, A A.W. Kirby, Science. 221, 1076-1078, 1983). An optional system was developed with as¬ 

sociated instrumentation for assessing luminosity functions in experimental animals by using an 

electrophyslologlcal response measure. Additional pilot studies support the hypothesis that the 

Aplvsia extrare 'nal photoreceptor and synaptic pathway provide a good experimental model for as¬ 

sessing the met anism of action of pharmacological agents. Instrumentation and special-purpose 

stereotaxic devices have been obtained for single-unit recordings in the cat retina. 
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