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FOREWORD 

This report was prepared by the Multienvironment Division of the Biophysics 

Laboratory of the Aerospace Medical Research Laboratories, Aerospace Medical 

Division, Wright-Patterson Air Force Base, Ohio. Mr. Robert E. Van Patten, 

Environmental Stress Branch, was the principal investigator. The work was 

performed in support of Project 7222, "Biophysics of Flight." The restraint 

system described in this report was developed over the period from December 

1963 to February 1964. 
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effects of Rz acceleration; Technical Sergeant Clarence F. Wiggins, for his 
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and casts of the subjects upon whom the restraints were modeled. 

This technical report has been reviewed and is approved. 

J. W. HEIM, PhD 

Technical Director 
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ABSTRACT 

This report describes the development of a lower leg restraint system design 

suitable for use in yaw (Rz) and transverse P-A G (-Gx) acceleration environ¬ 

ments. The design is based upon the principle of avoiding restraining Wee 
concentrations along the anterior crest of the tibia and has been worn with 

comfort for periods of up tc three minutes with the legs in a 9.8 G field. 
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SECTION I 

INTRODUCTION 

The restraint system covered herein was dei'eloped for use during Rz spin studies 

conducted by the Aerospace Medical Research Laboratories. The studies were made 

to determine the cardiovascular effects of spin as well as to investigate . 
vestibular thresholds and effects. At the outset it was obvious that a rather 

specialized restraint system would be required to restrain the head to avoid 

Coriolis artifacts on the vestibular system which would result from forward 

and rotary motions about the spin axis. Further, the torso and hips would 

require restraint, though with the subject's trunk aligned co-linerarly with 

the spin axis the restraining forces were expected to be slight. The thighs 

and lower legs, however, presented a different problem. 

As distance from the axis of spin increases, so does the centripetal accelera¬ 

tion and thus the thighs and lower legs were, in effect, in a G gradient, the 

tips of the toes being in the highest intensity field (see figure l). 

Also, owing to the natural pivot points of the hip joints, the knees could be 

expected to align themselves along radial lines, resulting in forces which 

would tend to spread the subject's legs apart. 

RZ 

Figure 1. The Rz Acceleration Environment and its 

Inertial Effects. 
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The final restraint-system design satisfactorily overcame the problems involved 

in restraint design for the Rz acceleration environment and is applicable to 

the -Gx environment as well. 

SECTION II 

DETAILS OF THE RESTRAINT SYSTIH 

The restraint system includes: (l) the head restraint, (2) the torso restraint, 

(3) the hip restraint, (4) the knee restraint, (5) lower leg restraint, and (6) 
the foot restraint. 

The major details of the head restraint consists of flat reinforcement plates 

fastened to a conventional crash helmet with swivel fasteners combined with 

straps and tie plates (see figure 2). The main features of the torso restraint 

consists of two 3-inch-wide nylon straps crossed at 90 degrees and sewn to a 

flat nylon chest pad. The torso restraint assembly is tailored to distribute 

restraint loads almost exclusively over the hard area of the rib cage and, to 

a very small degree, the clavicles. The restraint straps are secured at the 

rear of the chair to appropriate aluminum tie points. 

The hip restraint is completely conventional; It consists of a standard USAF 

seat belt Installed to bear upon the iliac crests (see figure 2). 

The foot and ankle restraint consists simply of 3-inch-wide nylon straps 

passing across the ankle joint and making approximately a 45-degree angle with 

the horizontal. The end of the ankle strap is first passed through a center 

restraint bracket which serves to provide more "wrap" for the restraint and 

Figure 2. Head, Torso, and Hip Restraints 
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thus decrease the opportunity for lateral movement of the feet. The ankle 

straps are passed through tiedown brackets outboard of the feet and made 

secure (see figure 3). 

The portions of the restraint are straightforward, uncomplicated, and follow 

conventional practice. The knees and lower leg restraints, however, warrant 

further discussion in following sections. 

Figure 3. Knee, Lower Leg, and Foot Restraints 
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SECTION III 

THE KNEE RESTRAINTS 

Owing to the inertial forces developed in Rz and acting upon the legs, it was 

assumed, at the outset, that there would be a general tendency of the hips to 

slide outward with a motion aligned along a radial line. The hip restraint 

could be expected to handle this load; however, to obviate any tendency of the 

subject to "submarine" under the lap belt, knee restraints were used to oppose 

the inertial load of the thighs. 

These restraints consist of nylon mesh cups tailored to fit the knees (see 
figure 3). The straps fitted to either side of the individual cups are, in 

turn, secured to tiedown plates located between the legs of the subject and 

affixed to the structure of the chair by stranded cables with suitable aircraft- 

quality and fittings. 

During Ra or -0^, the outward radial displacement of the pelvis and thighs is 

reacted against by both the lap belt and the knee cups, and the loads at the 

knee cups are transferred back to the hips through the rigid linkage of the 

femur. 

SECTION IV 

THE LOWER LEG RESTRAINT 

The lower leg restraint used in the early phases of the Rz study consisted 

simply of 3-inch-wide nylon straps arranged transverse to the long axis of the 

legs and located 3 to 4 inches distal to the knee joint. 

As the rotational speeds used in the tests increased to 90 rpm and above, it 

was apparent that a change was necessary in the design of the lower leg restraint. 

The subjects indicated discomfort from the pressure concentration applied by the 

straps to the anterior crests of the tibiae, and marked impressions of the strap 

weave were noted in the flesh of the subjects. The situation was further aggra¬ 

vated by the lengthy static-holding times required for checkout and countdown 

(with the subject restrained) prior to commencement of rotation. 

At the cross section of interest in the lower leg, the tibiae lay close to the 

surface with very little intervening tissue available for the distribution of 

any loads applied along the anterior crest (see figure 4). It was therefore 
decided to construct a greave or shinguard-like reinforced fiberglas shell to 

the contour of the lower leg and to pad this shell with Ensolite (a high 
hysteresis, dense foam material) having thicknesses in approximately inverse 

proportion to the thickness of tissue between bone and flesh. 
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Figure 4. Cross Section of Leg 9 cm Distal to the 
Knee Joint with Restraint Element in Place 

SECTION V 

FABRICATION FROCEDURES 

Two subjects were chosen to serve as models for the construction of the shells. 

To make the basic contour molds, each subject was seated (on an elevated plat¬ 

form) in a chair with his legs placed in simple wooden molds. The molds had 

been bandsawed to the approximate transverse contour of the subject's legs, the 

anterior halves of his legs thus were enclosed in the mold. The approximate 

contouring was done after the modelmaker had traced the outline of the inside 

and outside of the legs on wood. 

The molds were then filled with a mixture of clean common core sand and Steinex 

binder. After the mixture was tamped to a consistent density, gaseous CO^ was 

bled through the mixture, resulting in a chemical reaction with the Steinex 

which transformed the mixture into a rigid mass forming a highly detailed molding 

of the contours. 

The resulting molds were then coated with a polyester resin to provide a smooth 

glassy surface from which a male plaster of Paris cast could be pulled. After 

the plaster cast was made, it was coated with slab-like layers of modeling clay 

representing the various thicknesses of Ensolite which were required for dis¬ 

tribution of the acceleration loads. The final greave-liks fiberglas shell was 

laid up upon the resulting composite surface. 

5 



The finished shells were then equipped with layers of Ensolite varying in 

thickness from l/2 inch to 1 inch (see figure 5). To allow subjects to 

ambulate with the shells in place, tailored, adjustable, nylon-mesh, zippered 

closures were attached which wrap around the leg and zip up to the posterior 

of the calf. 

Figure 5. Overall View of Small and Medium Lower Leg 

Restraints 

SECTION VI 

RESULTS OF TEST 

During subsequent tests, the shells were used exclusively with very good results. 

The subjects were spun at speeds up to 120 rpm (for periods of from 0 to 3 min¬ 

utes) which resulted in accelerations of 9 to 10 G being imposed upon the lower 

legs. During post-run Interviews, the subjects unanimously reported complete 

relief from the hitherto painful restraint-force concentration. 
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SECTION VII 

CONCLUSIONS 

The success of the restraint element design warrants the further application 

of the pressure contour proportioning principle. 

Since the design principle is practical for use in the Rz acceleration envir¬ 

onment, it could function equally well in the -¾ acceleration environment, 

as the legs were essentially in a field of -Ox acceleration. 

Because it is necessary to develop a sioc-degree-of-freedom restraint system 

for use in the Dynamic Escape Simulator under construction at the Aerospace 

Medical Research Laboratories, further research and development is being 
undertaken (in-house) to develop the pressure contour proportioning principle 

in applications to all acceleration axes. 
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