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Introduction

AERO MEDICAL LABORATORY

“The primary mission is to provide the necessary technical inforrl}ation based on scientific
research, to enable the aeronautical engineer to design aircraft which are best su1t’<,ad to the
mission without surpassing the physiological or psychological limitations of its crew

Colonel Jack Bollerud
COMMANDER, AERO MEDICAL LABORATORY
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{ Colonel George C. Mohr
z COMMANDER A.F. AEROSPACE MEDICAL RESEARCH LABORATORY

The Air Force Aerospace Medical Research Laboratory marks fifty years of achievement and
service to the nation. From the beginning, the Laboratory and its people were dedicated to
enhancing personnel safety and mission effectiveness through research contributions to
advanced system design and military operations. The Laboratory today is a renowned center
of excellence for research in toxicology, biodynamics and human engineering. Its many
contributions to life support technology, environmental hazard control and crewstation design
have in a very real sense made modern manned weapon systems capable instruments in defense
of our nation. Through analysis, simulation, human and biological experimentation and model
formulation, laboratory scientists seek to enhance man and mission in the tactical, strategic,
comrpqnq a{ld contr‘ol a_nd ground operational arenas. The Laboratory has unique facilities and
rrIr‘lllllltldlsmphnary scientists able to extend man’s reach with each advance in systems technology.
e Laboratory is ready for whatever challenge awaits in the next fifty years.
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AFAMRL AND A CENTURY OF FLIGHT

; This' 50th Anniversary Celebration is a gala review of the last half century of research in aviation
‘ medicine. This research has fundamentally shaped the evolution of aircraft design from the
wood. and wir_e biplanes to the Space Shuttle. Many renowned scientists have worked in this
creative multidisciplinary environment, to evolve pioneering knowledge and establish World
records that have stood the test of time. Their numbers are legend. Their efforts are unsurpassed
anY.Where in the world. The published literature from 1935 to 1985 has set the standard for air
vehicle design in this country and abroad. Wherever man interfaces with the air vehicle, the
mark of aeromedical research is clearly evident in both the hardware design and its functional
operation. It is the integration of engineering and medicine which made these achievements
Possible. The next half century will make even bolder strokes in manned flight.
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Foreword

THE PIONEERS OF MANNED FLIGHT

Orville and Wilbur Wright were the first men in history to develop and successfully fly a heavier
than air machine. Many men had attempted this goal but they all failed before the Wright
brothers began their activities.

The Wright “Kitty Hawk” Flyer permitted man to fly and also be exposed to the unknown
environmental conditions of flight. The brothers were often unaware of the environment and
yet were the first to experience: multidirectional acceleration forces, flight control coordination
while trying to maintain their own physiological equilibrium, abrupt acceleration forces during
crash landing, unprotected wind forces in flight, thermal physiology limits while flying in cold
weather, high propeller and engine noise in the cockpit.

They first encountered negative accelerations while flying the 1902 glider at Kitty Hawk. This
negative acceleration forced the pilot’s body up and away from the prone position cradle. With
his body out of the cradle, he could not use the lateral wing warping flight control. The pilot
did not have a body restraint system. He held on to the vertical wing strut with his right hand
and tried to pull his body back into the cradle with his left hand, which was holding the flight
control stick. This forced him to move the pitch control stick aft and fly the airplane into the
dangerous stall/spin condition which had killed Lilienthal.

The first powered flight was made on December 17, 1903 at Kitty Hawk. The wind velocity was
25 MPH with high gusts. There was ice in the small ponds around the sand dunes. They had
no winter flying clothing. The Flyer could simply not carry the additional weight of protective
clothing. The gusty winds acting on the 745 pound airplane required rapid and coordinated
control movements by the pilot. They were flying between one and ten foot altitude in those
gusts. This type of vertical movement along the flight path produces vertigo in the most
experienced pilot. The Wrights had only 20 minutes of pilot time in gliders before their first
attempt with an engine and two propellers.

It has been proven from the beginning of manned flight that aero medical research is fundamental
to aeronautics. Captain Harry G. Armstrong emulated the Wrights in aero medical research.
His initial efforts and the next five decades are the “GOLDEN ERA OF AVIATION.”

Charles A. Dempsey

xt




Foreword

xil




Acknowledgments

ACKNOWLEDGMENTS

Colonel George C. Mohr, Commander, Air Force Aerospace Medical Research Laboratory,
provided the leadership and command emphasis essential for this project. He was always
available for discussion and guidance during the preparation of this book. Mr. Billy Crawford,
Chief, Plans and Programs, did an outstanding job of providing management support. He
constantly made Laboratory resources available to the project. The author was given a free
hand within the boundaries of his charter, and he alone decided which events would be included
in the book as well as how they would be presented. The highly diverse nature of the Laboratory
activities plus the fifty years of research information prevents a detailed discussion of all the
work in the Laboratory. The selected projects provide the reader with an understanding of the
scope and complexity of the overall research and development program. There are many
dedicated scientists who worked on programs which are not discussed in this book. Their efforts
are just as important to the Laboratory and the Air Force as those selected for review. Complete
historical documentation of the entire Laboratory needs to be written in the near future.

Thanks are due to the many EARLY YEARS veterans. They have contributed anecdotes and
details which helped to fill in gaps in the early history. Special acknowledgement is due to the
colleagues of the founder; Dr. J. W. Heim, Dr. Ernest Pinson, Mr. Ray U. Whitney, Mrs. Mae
(Callen) Poszywak, Mr. John Hall, and Mrs. Patricia {Crane) Lichty, wife of M/Sgt. Harold Lichty
(deceased). They were there from the beginning with Captain Armstrong. These are the true
pioneers of the Physiological Research Laboratory. They gave generously of their time for
interviews and supplied photographs and documentation from their private collections to
supplement the Laboratory historical material.

Special mention is given to the WAR YEARS veterans who first occupied Building 29. The
author worked with different members of this group over the past thirty years. In this long
association he obtained valuable background information and technical understanding of the
research work conducted in the Laboratory. They are Mr. Ernest Martin, Dr. Harvey Savely,
Mr. Don Huxley, Colonel Mike Sweeney (deceased), Dr. Fred Berner (deceased), Mr. Charles
Castellano, Colonel Pharo Gagge, and Mr. Donald Good (deceased). These men were involved
when the research was fast and furious in support of the war effort. They often made the
impossible look easy and achieved many firsts in science and biotechnology.

My very dear friend, Mrs. Joan Robinette, was the Laboratory Scientific and Technical
Information Officer (STINFO). Her services in this capacity made possible the many thousands
of technical reports and papers which have been published by the Laboratory. This experience
prompted her to organize a chronology of the Laboratory and maintain historical copies of all
this material. Her work has been one of the prime reference sources for this book. She was truly
the guardian angel of the historical material in the Laboratory.

The outstanding work of Mr. John Bullard, Historian, Aerospace Medical Division is
acknowledged. This renowned author prepared the semiannual and annual historical documents
for the Division. They are meticulous with regard to dates and research programs. His work is
the other prime reference source for the material in this book. His special efforts in obtaining
detailed personal interviews with leaders in aeromedical research is without parallel. These first
person documents cleared the blurring effects of time and made the understanding of reality
possible. The author extends special thanks to him for his writings which often went unnoticed.

These acknowledgments would not be complete if I did not give particular thanks to Dr. Walter
Grether,. Dr. Henning von Gierke, Mr.Charles Bates, Dr. Bruce Stuart, Mr. Steve Heckart, Mr.
Ray Whitney, Mrs. Patricia (Crane) Lichty, Mrs.Mildred Pinkerton, Mr. Jim Brinkley, Dr. Charles

ﬁlixgn, ll:/lrs. Joan Robinette. They reviewed the text and furnished creative contributions to
e book. :

I must also thank my friends at Universal Energy Systems. Dr. Ross Morgan, Dr. Julien
Chnstgqsen, and Dr. Gordon Eckstrand, gave their unqualified support to this project. Special
Tecognition is due Mr. Jean Ring for his long hours of direct assistance. He was always cheerfully
available when the going was very difficult in trying to meet the extremely short deadline.

XLl




nurnowiedgments

Many members of the Aerospace Medical Research Laboratory generously provided historical
information to this project. Especially noteworthy were Mrs. Pat Lewandowski, Mr. Kenneth
Zimmerman, Mr. Steve Heckart, Mr. John Frazier, and Mrs. Don Rosenbaum.

The creative art work was provided by Mrs. Virginia Greene an outstanding artist in the
Laboratory.

The final thanks go to my Southern bride; without her help the book would not have been
completed.

CD

Xiv




Contents

Chapter 1.

Chapter 2.

Chapter 3.

Chapter 4.

Chapter 5.

CONTENTS
ILLUSTRATIONS . . ..
DEDICATION M/GENERAL HARRY G ARMSTRONG .. ... ... ..
PROLOGUE . ... ... ... .. ... ... ... ..... .. AU
CHRONOLOGY . ... . ..
EARLY AEROMEDICAL RESEARCH . .. .. 1934-1940........
WARYEARS ... .. ... 1941 -1945. ... .. ..
JET FLIGHT RESEARCH ........... ... 1946 -1958........
SPACE FLIGHT RESEARCH . . .. ... ...... 1959 -1969. .. ... ..
ADVANCED FLIGHT RESEARCH . .. ... .. 1970 -1984. . ... ...
INMEMORY ... ... .
EPILOGUE . ... ... ... . .
BUILDINGS .. ... .
REFERENCES ... ... .. . . . . . .. . ... ..

xv

xvii

Xiv

xxvii

XxXxi

27

57




Contents

3
R




Tllustrations

FIGURE

U QO DO =

e |
DR

A o o

I-10
I-11
I-12
I-13

ILLUSTRATIONS

Colonel George C. Mohr ... ...........................
Montage of Aero Medical Research Programs . . ... .. .. ...
First Powered Flight, December 17,1903 ... ... .........
Major General Harry G. Armstrong

Wright Field May, 1935 .. ........ ... ... .. ............

CHAPTER ONE (1934-1940)

Captain Harry Armstrong, Flight Surgeon ......... .. ...
Flights in this P-16 airplane began Armstrong’s attempts
to improve personal equipment. . ............. ... .....
Explorer II gondola. Armstrong specified the pressurized
closed cabin atmosphere. .. ... ... ... ... ... ... .. ... ..
XC-35, first successful pressurized sealed cabin aircraft.
Armstrong specified the physiological requirements for the
cabin atmosphere. . . ... . ... ... .. ...
This 0-25 aircraft flew Armstrong to Boston to hire Dr.
John Heim (1935) . ... ... ... . . . . . . ..
Dr. Pinson and Mr. John Hall in basement office Aero
Medical Research Unit (Bldg 16) .. .....................
Dr. Armstrong and Dr. Heim in the main office, Aero
Medical Research Unit (Bldg. 16) ......................
P-5 high altitude fighter. The first supercharged aircraft to
enter operational service. This new era of regular high
altitude flight required physiological research. ......... ..
P-26 fighter. The open cockpit created many physiological
problems for thepilot. .................... ... ... .. ...
New P-35 fighter. Its high performance required studies in
human tolerance to acceleration. . ......................
XB-15 The fore runner of the B-17. This airplane prompted
the work on high altitude oxygen masks. . ...............
Second altitude chamber at Mineola N.Y. which was
relocated to Wright Field, Bldg. 16 . . ...................
Wiley Post in his second pressure suit in the altitude
chamber basement Bldg. 16.(1934) . ... ........ .. ... ...
Wiley Post in his third pressure suit in the altitude
chamber basement Bldg. 16. (1935)

. New altitude chamber in Physiological Research
Laboratory, basement Bldg. 16. (1937) (Captain Armstrong,

S/Sgt Stevens, Dr. Heim) . . ................. .. .. ... ..
- Ray Whitney, Sgt. Fuhry, Captain Armstrong

tering the altitude chamber, basement Bldg. 16. .. .. .. ..
vt. Raymond Whitney wearing the BOB oxygen mask in
tude chamber, basement Bldg. 16
an centrifuge at Wright Field.(Balloon Hanger,

ens serving as subject on centrifuge

stem for high altitude flight. (Boothby,
Armstrong) .......... ... ... ... . ... ... ..
un of Boothby, Lovelace, Armstrong receiving the

19(:1%})1), from President Roosevelt at the White

-

xXvil

gen mask. The first successful oxygen oxygen

PAGE

vl

XXiv

10

11
11
12
13

14
14
15
15
16
17
18

19
20
21
22
23
24

24
25




Illustrations

I1-1

I1-2

I1-3

11-4
I1-5

I1-6

11-7
I1-8

I1-9

II-10
I1-11

11-12
I1-13

I1-14

I1-15
I1-16

I1-17
I1-18

I1-19
11-20
I1-21

11-22

I1-23
I1-24

1111
111-2
I1I-3
111-4
1I1-5
I11-6

I11-7

CHAPTER TWO (1941-1945)

P-51 aircraft. The performance in combat turns led to the
development of the G-3 anti-G suit. This was the first type
of operational aircraft to be equipped with the new anti-G
suits. (Aero Medical team leader, Lt.Ernest Martin.) ... ...
B-24J aircraft. Required anthropometric sizing of the many
gun turrets and internal cockpit equipment used by the
aircrew. (Lt. Randall) .............................. ..
B-17G aircraft. The extremely cold temperatures in the
open rear gunners station prompted work with winter
flying equipment, and oxygen masks. . . .................
B-29 aircraft. The sealed cabin, required work on explosive
decompression, and pressure breathing equipment. .......
P-59 jet fighter. Its performance required significant
advances in aero medical research, human engineering, high
altitude physiology, ejection escape, clothing, and oxygen
equipment. . .. ... ...
The new Building 29 which was ready for first occupancy
ondJanuary 1,1943... ... ... ... .. .. ... .. ... ...
The new Aero Medical Laboratory complex. (1944). .. .. ...
The second human centrifuge installed at Wright Field.
(Bldg. 55, May 1943) . . .......... ... ... ...
The Army Air Forces standardized G-3 anti-G suit The
anti-G suit program was conducted on this machine. ... ...
Research program using the human centrifuge.. . ... ... ...
Lt. Goster, subject in the first human pick-up, September 5,
1948, .
Lt. Goster, in trail, altitude twenty feet. ........... ... ..
Sixteen man altitude/cold chamber located in the basement
of Bldg. 29. ... ... .. ... ...
Explosive decompression cockpit in the altitude chamber.
This test set up developed the initial AAF decompression
standard for fighter aircraft. ........... ... ... ... ... ..
Twenty man altitude chamber located in the basement of
Bldg. 29.... .. .. .. ..
Sgt. Lichty at the controls of the altitude chamber in
basement of Bldg. 29. . ................. ... ... ... ....
New All Weather Room, basement Bldg. 29. . ............

High altitude free fall parachute program. Lt. Ernest

Martin demonstrating parachute pull force test unit. (1943).
High altitude flight equipment used in the B-24. .........
Four man quonset type, pneumatic shelter. . .............
Modified German ejection seat brought back from Europe
and used for first human tests on the 30 foot ejection
tower, November 1945. . . ... ... ... ... ... ... .. ... ...
The 30 foot ejection tower. The first ejection tower in the
Army Air Forces. . ........ ... .. ...,
Laboratory organizationon July 1,1944. . .. .............
Officers assigned to the Laboratory in 1945. . ............

CHAPTER THREE (1946-1958)

Wright Field on October 21,1946, .....................
Lt/Col. Paul Fitts, Founder Psychology Branch ..........
Officers assigned to the Laboratory (1946)...............
Civilians assigned to the Laboratory (1946) . .............
Psychology Branch personnel (1948). ... ................
Dr. Christensen conducting a human engineering

experiment. . ......... ... ... ...

Dr. Grether conducting an experiment in the Link trainer in
Bldg29. ... ... ...

XUl

34

34

35
35

36
37

39

40
41

42
43

44




lllustrations

I11-8
1119
I11-10

111-11
111-12

111-13

I11-14

ITI-14A
I11-14B
I11-15
I11-15A
111-16
111-17
111-18
111-19
I11-20
I11-21
I11-22
IIT-22A
I11-22B
I11-23
I11-24
I11-25

111-26

111-27
111-28
111-29
111-30
111-31
111-32
- II1-33

Human engineering research on cockpit instrument design
and arrangement. . ... ... .. ... ... ... ... ... ... ...
Human engineering experiment on the development of
horizontal pointer alignment for instruments. . ........ ...
Experiment in the development of shape coding of aircraft
cockpit controls. ... .. ... ... .. ... ... L.
Psychology Branch airborne laboratory (C-47)......... ...
Electronic scoring equipment located in the main cabin of
the C-47. ... ... .
Modified cockpit of the C-47 airborne laboratory in which
new concepts for cockpit design were extensively tested
and scored in flight. This pioneering research established
the new Air Force standard for future cockpit design and
was incorporated in the Handbook of Instructions for
Aircraft Designers (HIAD). ...... ... ... .. ... .. ....
Aerobee rocket flight package which carried the first two
monkeys and two white mice on high altitude ballistic
flights. (1948-1951). .. . ... ... .. ... . ... . ... ... ... ......
Mr. Eric Gienapp who designed and constructed the
Aerobee flight package in the Laboratory. .. ... ... ... ....
Dr. Jim Henry and the AMRL project team which
conducted the Aerobee rocket tests. .. ..................
Two white mice in zero g environment during Aerobee
rocket flight to 36 miles altitude. ......................
Aero Medical Laboratory project personnel and support
aircraft used in the Aerobee flights. ........... ... ... ...
First AAF designed ejection seat which was used in the
first human ejection test. (August, 1946) .. .. ......... ...
The downward ejection test tower. Bldg. 23. . ... ... ... ..
The 100 foot upward ejection test facility. . .. ... .........
The first rocket sled built for deceleration experiments at
Muroc Air Field. (Captain Stapp) .. ....................
The second rocket sled built for deceleration experiments at
Holloman AFB. (Major Stapp). ........................
Colonel Henderson being dressed by Lt. Sperry for the first
human test of the downward ejection seat in the B-47. .. ..
Lt. Nielsen after high altitude downward ejection from a B-
47. Lt. Nielsen has a broken shoulder. Colonel Henderson is
seatedon hisleft. ...... ... ... .............. U
High altitude downward ejection test from B-47.. ... .. ...
First American high speed live ejection. . . .. ........... ..
The production area of the Clothing Branch. .. ... ... .. ...
Fire fighters thermal protection suit designed by the
Clothing Branch. .. ........ ... . ... ... ... ....... ..
Individual in-flight combat meals for use in multiengine
aircraft with food warming ovens.. . ....... ... ... ... ...
Altitude chambers in the basement, Bldg 248. These
chambers were used for the development of the first
operational full pressure suit. (X-15) . ...................
The S-1 partial pressure, was developed by Dr. Henry. It
was standardized in 1953. . ... ... ... ... ... . ... . ....
The first operational liquid oxygen system for jet fighter
aircraft. (Five liter converter). .........................
The ejection seat survival kit for jet aircraft .. ... ... ... .
Third human centrifuge at Wright Field. (1948) The human
tolerances for normal and emergency space flight
trajectories were first established with this machine. .. .. ..
Mr. John Frazier wearing new MB-2 anti-G suit. .........
The prone position seat and flight controls being tested on
the centrifuge. Mr. Hans Amtmann. . ... ...... .. ... ... .
Subject in the modified prone position prior to the first
human test to 12 G. Lit. Dempsey.

xix

76
77

78
79

80

81

82
83
84
85
86
87
89
90
91
92

99
100
101
102
103
104
105
106




Hlustrations

111-34
111-35
111-36
111-37

111-38
111-39

111-40

Iv-1
Iv-2
1V-3
1V-4
IV-
Iv-6
IV-7
IV-8
1V-9
1V-10
1V-11
IvV-12
1V-13
IV-14
IV-15
IV-16
iv-17

1v-18

1v-19
1V-20

Iv-21
IvV-22
1V-23

1V-24

Modified F-80 aircraft equipped with a prone cockpit.
Aircraft was routinely flownto +9G.............. . ... ..
Vertical accelerator which can simulate the accelerations
encountered in low altitude high speed flight. ... ..... .. ..
Laboratory test facility for the first crew fatigue study of
the Nuclear powered aircraft.. . ........................
First aircrew used in the Nuclear powered aircraft crew
fatigue studies. (120 hours) ... ..... ... ... ... .. .. .. ...
High altitude flight clothing for jet fighters. . .......... ..
The first tiltable ejection seat for long range jet flight
missions. ...
First contour mapping of the surface of the human body for
anthropometric measurements. .. ......................

CHAPTER FOUR (1959-1969)

Scotty Crossfield wearing the first X-15 pressure suit,
(XMC-2-DC), with a modified MA-1 helmet. ... ... .. ... ...
C-131B aircraft modified into a weightlessness laboratory
for human engineering research. ..................... ..
Mercury astronauts after weightlessness flight. ... ..... ..
Astronaut John Glenn in weightlessness flight. ... ... ... ..
Human engineering experiments on maintenance of rocket
engine during weightlessness flight. . ...................
Mercury astronaut in the heat chamber ... ... ... .. .. ..
Mercury astronaut in the Physiology Laboratory .. ... .. ..
Mercury astronaut in the intense noise chamber . .. . ... ...
Mercury astronaut in the altitude chamber.. ... ... ... .. ..
Anthropometric measurements of inflated pressure suit for
establishment of cockpit dimensions. . ..................
Inclined test facility used in the first landing impact
studies of the Mercury spacecraft. .....................
Test subject prior to live impact test of Mercury spacecraft.
Human subject, in Mercury couch, mounted on a simulated
impact attenuation device of the NASA Mercury
spacecraft. ... ... ... .. ... ...
First C-47 used in the development of lateral firing guns
program at Wright Field. . ....... ... .. ... ... ... ..
Centrifuge tests of the prototype Apollo pressure suit. Dr.
EdVail. ....... ... .
Vibration tests of the Apollo seat position while wearing
thepressuresuit................. ... . ... ... . ...
Abrupt landing impact tests of the Apollo seat position
using the vertical drop tower. . ...... . ... .. ... ... ... ..
First operational tiltable ejection seat which was used in
extended range flight experiments. The pilot did not leave
this seat for 80 hours. . ... ....... .. ... . ... ... .. ... ..
B-47 which established a world record fornon-stop jet flight.
39,000 milesin 80 hours. . ........... . ... .. ... ... . ...
Captain Joe Kittinger at 102,400 feet in a free fall
parachute experiment. He established a new world altitude
record that has stood for 24 years. ......... ... ... ... ..
AMRL radiation protection experiment. Launched on
Discoverer XXXII into polar orbit. (1961) .. ........ .. ...
AMRL radiation protection satellite. Launched with a 225
NM perigee and a 1878 NM apogee. (1965) . .............
Fourth human centrifuge at Wright Field. (1969) This is the
first USAF machine to have closed loop control for flight
simulation. .. ... ... ... . ...
Human experiment in an intense sound field. ...... . .....

XX

107
108
109

110
111

112
113

127
128
129
129
130
131
131
132
132
133
134
135
136
137
138
139

140

141
142

143

144

145

146
147




Illustrations

IV-25
IV-26
Iv-27

IV-28

IV-29
1V-30
IV-31
IV-32

First word recognition experiments using an electronic
model of the inner ear. Dr. Mundie .. ............. ... ...
New Thomas Domes in the toxicological research facility.
Created by Dr. Thomas .. ........ . ...................
First human engineering systems simulator (HESS) This
IBM 360-40 computer provided real time simulation for
man-machine research. Dr. Topmiller .. ... ... ... ... . ...
Forty-two day nutritional balance study. Using foods
designed for long term space flight. ........... .. .. .. ...
First helmet-mounted sight.. .. .............. ... ... . ...
JWB-50 aircraft used in human engineering tests . . .. .. ...
Vertical drop tower in Bldg. 824 ............ .. ... ... ...
HC-130H aerial retrieval system. .............. .. .. ...

CHAPTER FIVE (1970-1984)

Long Line Loiter flight maneuver. ........... ... ... ...
Captain Buehling holding the ground end of the long line
attached to the circling aireraft. ............ . ... ... . ..
Anthropomorphic dummy is being towed in trail following
apick-up from theground. . .. ......... ... ... .. .. ... ...
SACDETF strategic mission simulator. .. ............ .. ..
First flight test of the helmet-mounted sight at Tyndall
AFB using an F-101 aircraft. .. ..................... ...
First visually coupled airborne systems simulator program
is a fundamental new approach to aircrew training.
(VCASS) . ..
Human engineering experiment using the VCASS ... .. . ..
The impulse accelerator is man-rated for abrupt
acceleration experiments. . .. ... ... ... ... ... ... ...
Test dummy entering the deceleration device at end of the
impulse accelerator track.. ... ..... ... . ... ... ... ... ...
F-16, canopy off windblast test in the wind tunnel at
MACH 1.2 ... ...
First computerized graphics of anthropometric data using
the HESS computer. (COMBIMAN). . ..................
COMBIMAN graphics being applied to cockpit design . . . .
Five man team conducting a real time flight simulation of
an RPVmission. .......... ... .. ... .. ... ... ...
Noise measurement survey of rocket engines during lift off
at Cape Kennedy, Florida. .......................... ..
Gathering aircraft noise data for update of the
NOISEFILE program. ... ............................
First high acceleration cockpit design using the tiltable seat
and computerized displays. ........................ ...
Subject in the high acceleration cockpit seat and being
exposed to +9G in the centrifuge. ...... ... ... ... ... ..
AAA simulator used in human performance tests of
defensive systems. .. ... ... .. ... ... ... .. ... ...
First computer graphics of the articulated total body model
used in analysis of ejection forces. .....................
F-111 windscreen distortion experiments. ...............
Multiple operator experiment in the voice communications
research program. ......... . ... .. . .. ... ... ... ...
Study of rocket engine toxic products and their effect on
selected plants and other agricultural products. ....... ...
Anthropometric study of the new chemical defense
protective equipment. . .. ... ... ... .. ... .. .

Electron microscope used in the toxicological research
programs

xxi

148

149

150
151
152
153

154
155

170
171

172
173

174
175
176
177
178
179

180
181

182
183
184
185
186
187

188
189

190
191
192
193




Introduction

IN MEMORY
IM-1 Lt/Colonel Elizabeth Guild . . . ......................... 202
BUILDINGS
B-1 Human Engineering and Biodynamics . . . . . Bldg. 33...... 207
B-2 Toxic Hazards Division .. ............. .. Bldg. 79. ... .. 208
B-3 Human Engineering Division ............ Bldg. 248 .. . .. 209
B-4 Biodynamics/Bioengineering Division .. ... Bldg. 441.. ... 210
B-5 Biodynamics Research facility ......... .. Bldg. 824. . . .. 211
B-6 Veterinary Sciences Division .. ........... Bldg. 838.. ... 212

xxit




Founder

xxiil




Founder

Fig 4 M/Gen Harry G. Armstrong

XX




Founder

FOUNDER

PHYSIOLOGICAL RESEARCH LABORATORY
EQUIPMENT BRANCH

ENGINEERING SECTION

MATERIEL COMMAND
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WRIGHT FIELD, DAYTON, OHIO

On May 18, 1935 Captain Harry G. Armstrong was appointed Chief of the Physiological Research
Laboratory at Wright Field, Ohio. This event placed Captain Armstrong on an ascending path
leading to international acclaim and distinguished service to his country. From the outset, Dr.
Armstrong was intimately familiar with the harsh environment confronting the military aviator;
extremes of heat and cold, noise, windblast, oxygen want, noxious fumes and severe acceleration
forces contributed to physical and mental fatigue taxing even the best pilot’s ability to control
his unforgiving aircraft. Today, Major General Harry G. Armstrong is recognized as one of the
great pioneers in aviation medicine. His contributions to aeromedical research have yielded
inestimable benefits to flying safety and mission effectiveness. This volume recounts the history
of a living organization and the life of an outstanding individual. With great pride, this book is
dedlca}t;ed to the memory of Major General Harry G. Armstrong, the physician, the scientist,
and pioneering founder of the Air Force Aerospace Medical Research Laboratory.
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Aeronautical research and development projects were established at McCook Field, Dayton,
Ohio, in the autumn of 1917. The Airplane Engineering Department was the center of all new
aircraft design and development. In August 1918, this department was retitled the Airplane
Engineering Division and reported directly to the Chief, Army Air Service. The new Engineering
Division was subdivided into five units. The Aircraft Branch, Equipment Branch, Armament
Branch, Engine Branch, and Materials Branch.

The Army Air Corps was formed in July 1926 and the resulting organization changes produced
the Materiel Division at McCook Field. On October 12, 1927 the Materiel Division moved to
the new Wright Field facilities. The engineering function was located in Building 16. The
organizational chart was revised on June 19,1928 to reflect a new type of management structure.
There was the Engineering Section, Procurement Section, Field Service Section, Repair Section,
Industrial War Plans Section and the Administration Section. The Experimental Engineering
Section contained the Airplane Branch, Equipment Branch, Armament Branch, Power Plant
Branch, Lighter/Air Branch, and Materials Branch. The Administration Section had the Medical
Branch and other base service functions. The Medical Branch was a dispensary. When requested
it also provided medical assistance to the engineering organizations located at Wright Field.
Captain Eugene Reinartz was Chief, Medical Branch, in 1928. Major Reed was Chief, Medical
Branch in 1934. The Equipment Branch engineers, prior to 1935, frequently requested medical
assistance when they were conducting experiments involving human subjects in their altitude
chambers.(The large chamber was formerly located at Mineola, New York).

Major Borum was Chief, Equipment Branch, on January 1,1937. The Equipment Branch
contained six Laboratories; Instrument & Navigation, Electrical, Parachute & Clothing, Aerial
Photographic, Miscellaneous Equipment, Physiological Research. The Equipment Branch was
responsible for research, development, and standardization of 500 items of ground and air
equipment. This overall management structure remained unchanged from 1928 until early 1942
when it was reorganized into the Materiel Command.

: The Experimental Engineering Section was an active and lively technology center. Its hallmark
was entrepreneurship and a do-it-yourself-spirit. It was responsible for the development of all
new aircraft and equipment for the Army Air Corps. In the period 1925-1934, engineering
worked on 380 different aircraft designs which resulted in the production of 3823 airplanes.
During 1935-1940 the development types totaled 97 and the aircraft quantity was 2532. The
average annual assigned strength was 89 officers, 23 enlisted, and 1127 civilians. Major Howard
was Chief, Airplane Branch, and Captain Oliver Echols was Chief, Equipment Branch, in 1928,
There were many young engineering pilots assigned to the Airplane Branch and the Equipment
Branch. These intensive aircraft and equipment development programs produced a significant
number of aviation achievements and some of these pilots became world famous. Typical
examples were 1/Lt James Doolittle, Captain Oliver Echols, Captain Albert Stevens, Captain
Anderson, 1/Lt Albert Hegenberger. In 1934 a young medical officer, Captain Armstrong, was
assigned to this center of aircraft research and development. These pilots were Armstrong’s
daily working associates, his friends, his flying companions. In addition, Armstrong was their
flight surgeon, an immortal bond that is steeped in military aviation tradition.

EE:)Squmqn}l;ed first person history statements, by respected scientists who worked on a daily
ey e(th ;Vllt ff.Armstrong, provide an intimate view of this medical pioneer. He was a dedicated
e 1C I(-)I icer, soft spoken, with great personal charm and possessing a strong loyalty to the
rvice. He was quiet, relaxed, with a self-assured manner. No thrashing about, no hurried pace,
e aoni OV‘gtlme hours; yet e\(erything he did seemed to count. As an outstanding characteristic,
gt%cir?i t:lthoroughly enjoy everything he did and his enthusiasm was infectious. An almost
- ted talent was his ability as an entrepreneur par excellence. With his disarming yet
¢ing manner, he was a master of the soft sell. He had a creative mind, was a penetrating

tver and a superb pragmatist, with the almost uncanny ability to isolate the core of a
em and develop a practical solution.
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Armstrong was cut from the same cloth as Jimmy Doolittle, Albert Hegenberger, Oliver Echols,
and Albert Stevens. Together they were the perfect medical-engineer team to work on the cutting
edge of aviation. In the development tests of the XB-15, Echols established new standards for
high- altitude long-range flight. His work made the B-17 an effective fighting machine: Flying
Fortress. Doolittle established new single engine speed records and obtained significant high-
speed propulsion and aerodynamic data. Hegenberger was the first pilot to fly from the U.S.
mainland to Hawaii. Stevens and Anderson were the pilots on the Explorer II balloon flight to
72,000 feet, a world record. Quite obviously, this pioneering young medical officer was in fast
company. The flight surgeon matched the pilots step for step and many times he had already
developed medical answers to anticipated engineering questions.

He alone provided the medical knowledge and technology recommendations for the construction
of the sealed pressure cabin on the Explorer 11 gondola. He had to be right because Steven’s
and Anderson’s lives depended on the answers. Where these two men were going no human had
been before. In addition, Armstrong could not just provide the vital medical knowledge and
leave the problem. He was the assigned flight surgeon, on the scene, when Stevens and Anderson
took off, ascended into the high heavens and returned. Armstrong, therefore, was a comrade
who shared the pilots’ triumphs and misfortunes. This happy affair for five years was similar
to the inseparable Wright brothers and their five years of intense innovative technology. Death
separated the Wrights. War separated Armstrong, Echols, Doolittle, Anderson, and
Hegenberger. A few years later, Doolittle and Armstrong served with great distinction in the
Eighth Air Force in England. Both were commanders in their respective fields. This author had
the privilege to be a small part of their undertaking by serving as a young B-24 Airplane
Commander in the Second Air Division of the Eighth Air Force. Flying the strategic combat
missions devised by Doolittle and wearing the personal equipment and body armour provided
by the Central Medical Establishment under Armstrong.

History shall long remember the accomplishments of Echols, Doolittle, Stevens, Anderson,
Hegenberger, and Armstrong. They helped mold the fragile technology of the Wrights into the
organized high altitude fighting force of World War II. This monumental endeavor took the
combined talents of medicine and engineering. Neither could have done it alone. The right
chemistry and perception were at Wright Field in early 1935 when Armstrong met with Echols
to discuss Armstrong’s future work. Echols, then Chief, Engineering Section, gave Armstrong
carte blanche to create his proposed medical program. He also pledged to back the young doctor
one hundred percent. The significance of this meeting can only now be realized. It made this
country the winner in the air war over Europe. The machines could fly very high, very far, and
very fast because of Echols and Doolittle. The aircrews could return day after day to live and
fight in this rarified and very cold atmosphere because of Armstrong. The overall result was an
awesome high-altitude, long-range, air armada, unmatched anywhere in the world.

This historical discussion of the Air Corps engineering program and a young line doctor can be
contrasted with the simultaneous medical history in the Air Corps. It is important to put proper
perspective on the medical service which supported Armstrong. In 1917 Major Lyster
recommended to the Surgeon General the establishment of a program for physical examinations
for all future flyers. Special Order #207 assigned Major Lyster to duty as Chief Surgeon,
Aviation Section,Signal Corps. Sixty seven medical examining units were established for
screening pilot applicants. A Medical Research Board and Medical Research Laboratory was
established. In 1918 the Central Medical Research Laboratory was created at Hazelhurst Field,
Mineola, Long Island, New York. The first course of instruction for flight surgeons was organized.
It included lectures on applied psychology and human performance by Major John Watson, an
original member of the Laboratory staff. The Medical Research Laboratory was then moved to
Mitchell Field, Long Island, New York. In 1921 the School for Flight Surgeons burned to the
ground. The altitude chamber was not destroyed. It was removed and sent to the Equipment
Branch at Wright Field. In 1926 the School of Aviation Medicine was moved to Brooks Field,
San Antonio, Texas. In 1931 the School of Aviation Medicine moved to Randolph Field, Texas.
The mission of the school was to conduct medical courses for candidate flight surgeons, and
establish standard medical examinations for pilot candidates. The graduates of this school were
assigned to flying squadrons. At this interface with the squadron pilots the flight surgeon
became aware of the massive engineering developments. The few flight surgeons who were really
concerned about the flying problems made attempts to help in the improvement of personal
equipment. This is exactly the interface that caused Major Grow and independently Captain
Armstrong to take action by applying medical knowledge to equipment design. Grow was faced
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with the problem at Patterson Field and Armstrong made attempts at problem solution while
stationed at Selfridge Field. Grow, the more senior officer, had orders in 1934 transferring him
to Washington where he was able to apply stronger arguments for problem solution. With this
greater authority and position, Grow served in the role of medical mentor to the young Captain
Armstrong. The documented record, however, shows that Captain Armstrong was the individual
who used Air Corps management channels to prepare and submit for approval, the basic proposal
to organize the Physiological Research Laboratory. This Armstrong proposal was submitted
through the engineering channels of the Materiel Division. Major Echols was Chief, Engineering
Section at Wright Field. Armstrong had often sought his advice and guidance. Echols became
the engineering mentor for Armstrong. It was this dual approach that resulted in the Air Corps
approval to establish the Physiological Research Laboratory in 1935.

Army Air Corps historical records indicate that Armstrong’s opportunity at Wright Field was
a lucky event. The Equipment Branch often called upon the Chief, Medical Branch, at Wright
Field for medical assistance. The Medical Branch was assigned to the Administration Section
of the Materiel Division. If Captain Reinartz, a graduate Flight Surgeon from the School of
Aviation Medicine, had been more interested in the problems of engineering/medicine while he
was Chief, Medical Branch, in 1928, he would have been the founder of the Physiological Research
Laboratory. In 1931-1934, the same situation applied to Major Reed, who was the Chief, Medical
Branch. He provided the entire medical support for the first chamber experiments of the Wiley
Post pressure suit. This suit was tested in the Mineola N.Y. chamber which then belonged to
the Equipment Branch. Major Reed left his office on the first floor of Building 16 and descended
the circular stairway into the basement to serve as medical monitor for the high altitude chamber
tests. The suit, with Mr. Wiley Post inside, was pressurized to 5 PSI in those experiments.
Published Air Corps letters in August 1934, one month prior to Armstrong’s arrival at Wright
Field, requested Major Reed’s assistance. He responded to those requests with medical support.
Major Grow was not contacted for those tests since he was stationed at Patterson Field and
was not assigned to the Materiel Division. None of the historical medical literature mentions
this major event in aviation history. The engineering/pilot officer requesting this medical
assistance was Captain Albert Hegenberger. He won the Collier Trophy for the operational
development of blind (instrument) flying. Captain Hegenberger was Chief, Equipment Branch,
when the Wiley Post suit was tested. He was still the Branch Chief when Captain Armstrong
was first assigned to the Equipment Branch. It is abundantly clear that Captain Armstrong
was totally dedicated to the science of aviation medicine and that he pursued this goal with
strong determination. Within four years after his arrival at Wright Field, he was awarded the
Collier Trophy. No other flight surgeon ever matched his accomplishment. Captain Armstrong
became a legend in his own time. HE IS THE DOCUMENTED FOUNDER OF THE
PHYSIOLOGICAL RESEARCH LABORATORY.

** AUTHORS NOTE

Classified research programs are not covered in this history book.
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Early Aeromedical Research 1934-1940

CHAPTER ONE

EARLY AEROMEDICAL RESEARCH
1934-1940

ORGANIZATION AND COMMAND

Lieutenant Harry G. Armstrong was assigned to duty as Flight Surgeon in the First Pursuit
Group, Selfridge Field, Michigan, on September 15, 1931. He regularly flew with the Group in
the P-16 aircraft, a two place open cockpit biplane. These flights exposed the aircrew to extremely
cold temperatures, windblast, noise, high altitude, vibration and high acceleration forces in
combat maneuvers. This flying environment prompted Armstrong to begin a series of efforts
to develop better aircrew protective equipment. He quickly encountered local resistance to his
activities. Frustrated, Armstrong wrote a letter to Major Beaven, Air Surgeon, Hq. Army Air
Corps, in June 1934. He described the flight environment and the resistance to his efforts. He
requested assistance from the Air Surgeon and the Engineering Section at Wright Field.
Armstrong did not receive a reply to his letter. Instead he was issued orders in July, 1934,
transferring him to the Medical Branch at Wright Field. Captain Armstrong, who had no research
or development experience, flew to Washington and contacted Major Beaven about the
assignment. Major Beaven told him “you are the one that complained and you are the logical
man to try and solve it.”” Captain Armstrong flew to Wright Field in August 1934 to meet the
resident medical officers and obtain information about the assignment. He had lunch with Major
Grow, Flight Surgeon, Patterson Field, and Major Reed, Chief, Medical Branch, Wright Field.
Armstrong had never met or been acquainted with either of these officers prior to this luncheon.
A heated argument developed between these two men over the assignment of Captain
Armstrong. Shortly after his return to Selfridge Field, Armstrong was advised that his orders
had been changed and he was now assigned to the Engineering Section, Equipment Branch.

Capt_ain Harry Armstrong was transferred to the Materiel Division, Engineering Section,
Equipment Branch, at Wright Field on September 16, 1934. He was the only medical officer in
the entire Engineering Section. When Captain Armstrong reported for duty in the Equipment
Branch, Bldg 16, he was treated as a consultant and not assigned to any project. He spent the
next few days getting acquainted with the people, programs, and facilities in the Equipment
Branch. The Branch was responsible for research, development, and testing of all subsystem
equipment used in support of Army Air Corps flight operations. To accomplish its mission, the
Branch had available in the basement of Bldg. 16, an extensive machine shop, an engineering
group, photo department and a drafting group. To reach these facilities from the first floor of
Building 16, there was a circular stairway within the Equipment Branch that descended to the
baseplent. Also located in the the basement was the altitude chamber which had been used
previously for training in the School of Aviation Medicine at Mineola, New York. The chamber
“;las In good operating condition. The Equipment Branch used this chamber plus two smaller
A a‘?bel‘s and a cold box for testing new experimental equipment. When the chamber tests
Vo ved human subjects, the Equipment Branch requested a medical officer from the dispensary.
WO months before Armstrong’s arrival, the chamber had been used to test a full pressure suit

gned by the world famous pilot, Wiley Post (E.O. 666-2, Serial No.I-54-431, June 21,1934,
Hagenberger)

a‘t&eenext.few months, Armstrong worked on the problems he encountered at Selfridge Field

p;‘}(:]ects assigned by the Chief, Equipment Branch. He was also assigned to work
. ai the %Xplorer 11 sealed gondola being manufactured in Building 16. Captain Armstrong
000 £ e Flight Surgeon for this record breaking balloon flight which attained an altitude
; eet. Concerned that he might be working on misdirected efforts, he sought guidance
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from Major Echols, Chief Engineering Section. Major Echols stated ‘“that he was not a physician
and that he felt research in the field of medicine should be Armstrong’s responsibility and that
he should pursue his own ideas.” Echols further said ‘‘that if Armstrong got into trouble with
his work, that he would back him one hundred percent.” Captain Armstrong then prepared and
sent to Major Echols a proposal to establish a Physiological Research Laboratory within the
Equipment Branch. Major Echols favorably reviewed the proposal and forwarded it through
the Materiel Division to Hq. Army Air Corps.

Captain Armstrong flew to Washington on April 16, 1935 and met with Lt/Col Grow, Chief,
Medical Division, Office of the Chief, Army Air Corps, and the Army Surgeon General. Captain
Armstrong presented the proposal he had submitted to Major Echols. The Armstrong proposal
was accepted by those senior medical officers. Their only guidance was to establish a coordinated
relationship between the Physiological Research Laboratory and the School of Aviation Medicine
to avoid duplication of effort. The Materiel Division, Engineering Section, formally recommended
the establishment of a Physiological Research Laboratory on April 25, 1935. The Chief, Army
Air Corps, issued a directive on May 29, 1935, establishing the Physiological Research
Laboratory within the Equipment Branch.

(Historical Note:) In 1935 there was a rapidly evolving need for a formalized medical research
activity at Wright Field. Headquarters, Army Air Corps, had directed the Engineering Section
to initiate a-sealed pressure cabin airplane development program on April 29, 1935. The
Equipment Branch was assigned responsibility for development of the sealed pressure cabin.
The Branch was also directed to conduct a comprehensive study of the combined engineering
and physiological requirements and to incorporate the data into an engineering specification.
The Chief, Equipment Branch, assigned Armstrong the job of providing the physiological data.
Armstrong’s report, ACTR #4165, dated December 19, 1935, was used in the aircraft
specification. A contract was awarded to the Lockheed Corporation in 1936 and the XC-35
aircraft was delivered to Wright Field in the spring 1937. It was a derivative of the commercial
Lockheed Electra. Amelia Earhart used this type of aircraft on her ill-fated flight around the
world.

The mission of the new Physiological Research Laboratory was established at Langley Field,
Virginia, on June 19, 1935.

The approved mission defined three research goals which were necessary for the satisfactory
performance of tactical combat flights.

¢ Physical discomfort ® Mental distraction ® Fatigue
These goals were further refined into prime technical areas.

* Protection from cold, windblast, heat, oxygen want

¢ Comfortable seating

* Clear vision

¢ Reduction of noises

¢ Avoidance of extreme centrifugal and centripetal forces

* Avoidance of heavy, bulky, or constricting clothing, and personal equipment
¢ Simplification of airplane operation

The staff of the new Physiological Research Laboratory was Captain Armstrong and Sgt. Lloyd
Stevens, a medical technician on loan from the dispensary. The annual budget was $100.00 for
supplies and $600.00 for animals. Captain Armstrong flew to Harvard University in an 0-25
aircraft on November 30, 1935, to consult with Professor Drinker about laboratory equipment
and hiring personnel. Professor Drinker recommended his graduate assistant, Dr. J.W. Heim.
After an interview, Captain Armstrong hired Dr. Heim for the position of associate physiologist.
He reported on June 21, 1936. Private Ray Whitney was assigned to the Laboratory in November
1937. In the fall of 1938, Sgt. Fuhry was assigned to the Laboratory and two other men, Pvt.
Moyer and Pvt. Robinson, were on loan from the Base dispensary. On February 10, 1939, the
Equipment Branch was renamed the Equipment Laboratory and the Physiological Research

2
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Laboratory name was changed to the Aero Medical Research Unit. Miss Mae Callen joined the
Unit as stenographer in June 1939. Mr. John Hall joined the Unit on September 5, 1939, as
assistant physiologist. Dr. Ernest Pinson was hired on September 11, 1939, as an associate
research physiologist. Sgt. Harold Lichty was assigned to the Unit in 1940.

Captain Armstrong was reassigned on May 30, 1940, to a course of instruction at the Banting
Institute, Toronto, Canada. Dr. J.W. Heim was appointed Acting Chief, Aero Medical Research
Unit, on May 30, 1940. Captain Otis Benson, Jr. was appointed Chief, Aero Medical Research
Unit, on September 16, 1940.

ARMY AIR CORPS AIRCRAFT

A-17, B-10, XB-15, YB-17, B-18, C-33, O-47
P-26, P-35, P-36, BT-9,PT-13
XC-35 the first successful pressurized aircraft

CHALLENGING AEROMEDICAL PROBLEMS

¢ Human physiology in high altitude flight
* Acceleration physiology in combat flight maneuvers
¢ Thermal physiology during cold weather flight

‘ ¢ Development of personal protective equipment

¥ ¢ Development of emergency medical equipment

PIONEERING ACHIEVEMENTS
BEFORE APPROVAL OF PHYSIOLOGICAL RESEARCH LABORATORY

* Design of a small first aid kit for aircraft (October 25, 1934)
¢ First recommendation on use of a carbon monoxide detector for aircraft (January 2, 1935)
¢ Stud