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FOREWORD 

Many varieties of armor suspension systems have been 
designed in the past to carry and position protec t ive armor 
on the human body. Evaluation of these systems has been 
purely subjective with sparse or nonexistent analytical data 
available to determin e the efficacy of the various systems 
related to load distribution, comfort and wearer endurance, 
and resistance to fatigue. An instrument which can evaluate 
and compare armor suspension s, or other military load~carry
ing equipment would have great value in optimizing the vari
ous design so To t h is end~ the liT Research Insti t ute under
took the development of such an i n strument . 

This is the final report for IIT Research Institute 
Project J6162, ' ~ Personnel Armor Load Profile Analyzer." The 
program was conducted for the U. S. Army Natick Laboratories 
by the liT Engineering Mechanics Division under Project 
1Fl64204Dl54, Development of Aircrew and Aircraft Protection. 

The cooperation of Dr. Ronald Singer, anthropologist 
and Director of t he Anatomy Department of the University of 
Chicago, in supplying physiological background information 
related to human tolerances to load and torso sensitivity 
greatly supplemented program efforts. 

The project officer for the U. S. Army Natick Labora
tories, Mr. Edward R. Barron , Mr . Stanley Tanenholtz, instru
ment advisor, and Mr. Robert M. White~ physical anthropolo
gist, provided guidance which substantially enhanced the re
sults of the program. 

In addition to the authors~ par t icipating IIT Research 
Institute staff members who contributed to the program were 
C. Ogden~ C. Hall, K. Mayerhofer ~ R. Rodzen, R. Joyce and 
J. MacDonald. 
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ABSTRACT 

The pur?ose of this ~rogram was to design, develop and 
fabricate an 1.nstrument wh1.ch could locate ana sense loads 
induced on the body of a person wearing pro t ec t ive armor, and 
to compare suspensions and suggest improvement s which could be 
incorporat ed in current or future load=carrying systems. 

The development of a "Personnel Armor Load Profile 
An alyzer" saw the attainment of a method of sensing loads, the 
i n tegration and positioning of · sen sors in a suitable garment, 
a method of dis playing information, and th e cor relation of 
output data t o torso sensitivityo 

It was found that armor suspension systems could effec
tively be evaluat ed using this instrument. Static a n d dynamic 
load patterns were disp layed and the shift in t hese patterns 
with articulation could be observed . The data obtained from 
the display could provide guidel ines for improving suspension 
system design by determining whether a particular suspension 
was effective in distributing loads on the o ptimum load
bearing areas of the torso. The progressive electrical con
tact sensor approach provided a direc t reading system with 
maximum :reliability, ruggedness~ and versatili t y" In addi
tior., the system did not require special signal conditioning 
equipment. The variable inductance sensor a pproach produced 
an analog sensor out put converted to a digital display. 

A review of the load~sensing an d display techniques 
developed during the program and t h e s upp lementary work re
lated to the selection of the fina l systems is provided. The 
results of an evaluation study of differ ent suspen sion systems 
are presented and data presentation and i n terpreta t ion are 
discussed. 
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DESIGN, DEVELOPMENT AND FABRICATION 
OF A PERSONNEL ARMOR LOAD PROFILE ANALYZER 

Introduction 

The broad variety of personn el armor suspension systems 
and military load-carrying devices currently in existence makes 
the selection or comparison of systems extremely difficult. The 
purpose of this program was to design and deve lop an instrument 
which could evaluate various suspension and load-carrying ap
proaches based on their effectiveness i n distributing loads to 
optimum load-bearing areas of the torso . 

An analytical approach to the establishment of a sensi
tivity profile of the human torso was evolved to study pain 

r thresholds and tor so sensitivity in humar:s.. Physiologically, 
certain areas of t he torso are capable of carrying substantial 
loads, while other areas are more sen sitive. Physiological 
and psychol ogical differences in the makeup of individuals al
so account for a wide variance in their abilities to endure 
loads or to tolerat e discomfort i n duced by protective or load
carrying equipment. 

Knowledge of torso sensitivity was necessary in establish
ing design parameters for the development of a load-sensing 
device . This information provided a reference for determining 
suspension system efficacy for dis t ributing loads on the opti
mum load-bearin g areas of the torso o 

This report includes a review of the load~sensing and 
display techniques developed during the course of the program 
and the supplementary work related to the selection o f the 
final systems . It presents the results of an evaluation study 
of different suspension s y stems and discusses data presenta
tion and interpretation o 





PART Io SYSTEM ANALYSIS AND DESIGN 

A. Load~Sensing Gar men t Display 2 Prototype =IFl 
l. Sen~or Gar ment and Dispk?y 

A sensor garmen t and light display console comprise 
the deliverable items of Prototype #1 . The complete system 
can be used to analyze and compare various armor suspension 
systems or load~carrying equipment by describing load dis;, 
tribution and magnitudes induced on the torso. 

The sen scr garment was worn on the torso and acted as 
an intermediat e garmen~ between ar mor an d the body (Figure la). 
A basic fab:ric garment was sewn u sing nylon oxford cloth. The 
garment was overhead donned with size adjustment straps pro
vided at each side. Chest ~izes from 32 to 44 in. could be 
accommodated and garment length covered the 99th percentile 
man for torso length. The senso:r garment contained a matrix 
of 116 progressive electrical contact sensors covering the 
right side of the torso , ant erior an d poste::::-ior . A verti-
cal row of sensor s was placed on the torso centerline, and a 
horizontal row of sensors was placed on th e iliac crest line. The 
remaining sensors were position ed on l-1/4 in. horizontal centers 
and 2 in. vertical centers resulting in the matrix shown in 
Figure la. The sensors were bonded to the nylon vest with Room 
Temperature Vulcanizer (RTV) . 

The output of t he sen s ors was f ed into a console which 
is capable of display ing 30 sen sors at a time (Figure lb). 
Sensor leads (a t otal o f 464) wer e joined into a 6 f t long 
cable harness leading from the vest and terminating in a 
100-pin connector . An outer cover of nylon completed the 
vest, covering and protecting the sensor wiring from snags 
and abrasion . 

The sensor garment was divided into four zone s with a 
selector switch on the di splay con sole to permit interrogation 
of each of the zon es. A reference display manikin defines 
each of the zones (Figure 2) . Zone 1 represents the upper 
front; zone 2, the upper back; zone 3, the lower front, and 
zone 4, the lower back . Each zone conta ined 30 sensors except 
for zone 1, which contained 26 . Four sensors were eliminated 
for the neck cutout . 
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Figure 2. Sensor Locations On Torso Quadrants 
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Each sensor could discriminate between three l oad levels, 
and sensor outpu t was dep icted using a colored light cluster 
on the front of t h e dis p l ay c onsole . Green indicated loads 
over 1/2 lb; yel low, loads over 1 lb; an d red~ loads over 
1-1/2 lb. The disp l ay panel c on t ained 30 groups of three 
colored ligh t c lusters . 

All sen s or outpu ts f o r a pa r ti cula r zon e wer e displayed 
simultaneously enabling an investigat or to see l oad i ng patterns 
similar t o isobar s an d t o immediate l y i den t ify high load areas. 
The dis p lay c ou l d be vi ewed i n two o per at i n g modes ~ 1.) a con ~· 
tinuo us mode wh ere dyn arni changes i n l o ad pat ter n s could be 
observed ~ and , 2 ) a hold or memory mode where a particular load 
pattern could be stored i n t h e disp lay fo r recordin g and 
analysis. 

The di s p l ay o perating c ont r o ls consisted of an on~off 
switch , z on e selec t or swi tch ~ mode of operation switch~ read, 
and clear buttons ~ u s e d wh en oper atin g t h e hold mo ld . A 
schematic diagr am for the light dis play c on sole an d load -~ 
sensing garment combi~ation for Prototype #1 is provided in 
Appendix D. 

2. Sensor 

A pr o gr es s ive electrical c on tact sens or was desi gned 
as th.e load ~sen s ing e l emen t f o r Pr o t otyp e #1 wi t h the sens or 
comp onen ts and assembly d epic t ed i n Figures 3 and 4 . An in
sulated phen olic base ~ 1/1.6 i n . thic k (Figures 3a and 4) ~ sup
ports three leaf s pr i n g c ontact s ~ with each c n t a c t repre
senting a s pecific l oad range. A calibration s crew for each 
leaf spring p ermits a ccura t e adjustment for each sensor range, 

Loads are a p lied to t h e c o _.tac t switc h t hrough a 
spherical c a p (Figur e 3b} . A flan ged r etaining r i n g (Figures 3c 
and 4) assembles th e pheno lic b as e t o the s ph eric al cap by 
crimping th e edges over after a ssembly. The sensors are 11/16 
in . diam and l /4 =in . thick . Four l eads emanate f rom each sen"~ 
sor. Thr ee leads connec t wi t h t h e three co l ored l i ght clus-
ter on the front of t h e disp l ay console (Figure lb ) . 

The pr o gre ssiv e electrica l c on t act sen sor had the fol
lowin g desirable d1aract eristics ; 

" Rugged ~ simp l e an d dep en dableo 

• Relat ively smal l size . 
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Figure 3. Progressive Electrical Contact Sensor - Prototype #1 
(Components and Assembly) 
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Leaf Spring Conta~ts 
( 004 in. Phosphor 
.Bronze} 

Calibration Screw 
(#0-80 ) 

Top of Load Button 
Removed for Clarity 

Load Button - Spherical 
(.008 nickel silver) 

Load Butto n Spr~ng and 
Contact (. 010 tn· 
phosphor ·.bronz e 

1/ 16" Phenolic Base 

Rivet 

Leads Soldered to 
Rivet 

Figure 4 . Progressive Electrical Contact Sensor Assembly 
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• Output signal did not require amplification or 
special conditioning equipment. 

• Can be calibrated, 

The disadvantages were that occasionally the contact 
switches stuck because of mechanical friction between the 
parts, and calibration was time-consuming. 

B. Load-Sensing Pad Display, Prototype #2 

1. Sensor Pad and Display 

A variable inductance technique was used in the 
sensor design of Prototype #2. The total system consisted 
of a sensor pad, a basic fabric vest, signal conditioning 
equipment, display, and signal generator (Figure 5). 

A total of 25 variable inductance sensors were mounted 
on a nylon fabric pad fringed with nylon pile that could 
be positioned and retained anywhere on a basic nylon vest 
fringed with nylon hook and worn by a test subject. The 
pad was positioned beneath the section of the suspension 
or load-carrying system of interest to the investigator. 

The output of the variable inductance sensors was 
conducted by cable to signal conditioning equipment con
tained in a display console, A single light per sensor 
indicated when a load applied to the sensor exceeded a 
preselected level. A level selector switch on the console 
front panel permitted the investigator to select load 
levels of 1/2, 1, 1-1/2, 2, 4 and 6 lb. 

Sensor outputs were displayed by depressing a sensor 
selector switch and· pressing the read button located on 
the console front panel. Loads exceeding the preselected 
load level would light up the switch for the sensor being 
interrogated. The display would hold the information until 
the clear button was pressed. Any one of the 25 sensors 
could be interrogated individually and sensors could also 
be interrogated sequentially in ascending order. 

2. Sensor 

The variable inductance sensor consisted of a 
coil, armature, spring, spherical cap and case (Figure 6). 
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Figure 5 , Load Sensing Pad and Display - Prototype #2 
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Cap 
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Armature 
Spring 
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Figure 6. Variable Inductance Sensor - Prototype #2 

(Components and Assembly) 



As a force was applied to the sensor the distance between 
the armature and coil decreased, changing the inductance of 
the coil. Varying the inductance caused a change in voltage 
across the coil. This voltage change was balanced against a 
reference voltage, and was calibrated to read in pounds of 
force applied to the sensor . 

The sensors were 11/16 in . diam, l/4=in . thick and 
had two leads which connected to the inductance coil . A 
signal generator supplied the coil with AC voltage. 
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PART II. INVESTIGATION OF TORSO SENSITIVITY 

A. Naturally Sen sitive Torso Areas 

The physiological make~p of the human body involves cer
tain naturally sen si t ive areas. The ability to endure dis
comfort and t h e toler ance threshold to pain for short durations 
or extended periods varies considerably from one individual to 
another. This is a complex interaction of physiological and 
psychological effects. 

From a physio l ogical standpoint~ the:r·e are certain veins, 
arteries, nerves and p rtions of t h e skeletal structure common 
to all individuals which a ppear near the sur face of the skin 
(Figures 7 and 8). These areas may be extremely sen sitive to 
load, depending on how the load is distributed. In general, 
fleshy areas can tolerate greater loads than bony areas. (Ref. 1). 

The arteries which supply blood to the brain run along 
the rear of t he shoulder, up either side of the neck to the 
head. Even l ight pressure on these arteries can reduce the 
blood supply to the brain resulting in varying degrees of 
blackout, nausea~ an d/or loss of coordin ation. Pressure ap
plied to nerves lying beneath the skin and above the skeletal 
structure can produce pai:1:v reduce endurance, and produce 
fatigue rapidly. (Ref" 1). 

Load senso r locations shou ld permit observation of these 
naturally sensitive areas of the torso. A well-designed sus
pension system will avoid armor lo ad distribution on these 
areas, particularly the bony structure of the torso which can 
result in severe pain or discomfort. 

B. Data Collection Techniq~~ 

A torso sensitivity study was conducted using 10 sub
jects described in Figure 9. The test subjects ranged in 
bodily structure from muscular to fleshy. The data collected 
provided a general picture of torso sensi~ivity and the 
relative load~carrying capabilities of various areas of the 
torso. 

The technique for data collection was to use a 2 in. 
grid pattern, sucn as shown in Figure 10, marked on a white 
T-shirt (front and back), sizes small, medium and large. 
Sized T-shirts were used to permit scanning of the same 
relative areas on various-sized test subjects. 
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Nipple Areas 

Rib Cage 

Figure 7. 

Accessory Nerve 

Cervical Nerve 

Suprascapular Artery 

Naturally Sensitive Areas 
of the Torso Anterior View 
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Descending 
Scapular 
Arteries 

Transverse 
Cervical 
Arteries 

Figu re 8. 

--

Middle and Lower 
Cervical Nerves 

Dorsal Scapular 
Nerves 

Natural l y Sen sitive Areas o f t h e Neck 

Po sterior View 
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t-' 
0'1 

Test 
Subiect 

1. 

2. 

3. 

4 

5 

6 

7 

8 

9 

10 

Physical 
Name Heiqht Weiqht Aqe Size Condition Build 

Clarence Lamber 5 1-11'' 180 38 Med. Good Normal 

Kenneth Mayerhofer 5 1-8'' 155 25 Small Good Normal 
. 

Edward Hahn 5 1-11 11 180 35 Med. Excellent Muscular 

Frank Scribano 5 1 -11'' 185 44 Large Good Fleshy 

Richard Rodzen 5 1-10'' 140 29 Small Good Slender 

William Kiscellus 61-011 195 28 Large Excellent Muscular 

Jozef Slowik 5 1-6 '' 150 46 Small Good Normal 

Romas Kasparas 61-111 173 35 Large Excellent Muscular 

Frank Bartos 51-811 145 31 Small Good Slender 

Kiyo Norikane 5'-7" 162 41 Small Good Slender 

Figure 9. Test Subjects Torso Sensitivity Study 
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Figure 10. T-Shirts With 2-inch Grid Pattern 
For Torso Sensitivity Data Collection 



A Hunter f orce gage wi th a 3/16 ~ in . diam blun t tip 
(O t o 20 lb range) was u sed to apply l oads at the i ntersec
tion poin ts of the 2=in. grid patterns . The Hunter gage 
and its application ar e shown i n Figur e 11 . The gage tip 
was pressed into the t es t subjec t until the resul t an t force 
produced discomfort. This force was t hen read on t h e gage 
and rec r ded on a t ypi cal t or so s en sitivity dat a p l ot (Fig = 
ure 12) . Each cir cle repres ented an i n ter s ection point on 
the 2=in. grid sy s t em , and t he number in t h e circle was the 
force~ i n pounds ~ applied at tha t poin t which resul ted in 
discomfor· . T e same procedure was f ollowed on the re:ar of 
t he t ors o (Figur e 13) wi t h a simi l ar t orso sen si t ivity dat a 
plo t f or t e os terior tor so . (See Appendix A f r t o r so 
sensitivi t y da t a pl ots f or t he 10 tes t subjec ts ) . 

Maximum t ol erabl e loads on the torso ~ usin g a 3/16= 
Ln . diam pr obe ti ~ proved to be 20 lb . Ot her loads ap = 
plied to t h e body r an ged from 1 to 20 lb . Load s ens i tiv= 
ity f or most i ndividuals was not complet ely symmetrical 
abou t the ver t i ca l tor so cen terl i n e . 

The fi r st s t ep in ·he developmen t of a s t atistical 
torso sensitivi t y char t was t o average the sensitivity loads 
between the left an d right sides of the t or s o (anter ior 
and poster i or) . Load charts showin g the "averaged" l oad 
about the torso c enterl ine fo r the 10 tes t s ubjects are shown 
in Appendix B. The t ol erable f orce (in pounds) a ppl ied to 
the tor so is depen den t on pr obe diam . A pr obe was selected 
which would n ot exceed he 20 lb range of the Hunter gage . 

As probe diameter diminishes , the ounds of f orce, the 
torso can t olerate a t any single po i n t also dimin ishes. Con~ 
versely , as r be diameter i n creases 9 the tolerab l e f orce 
increases because of f orce distribut ion over a greater area . 
The Hun ter gage was therefore the l i miting fac t or i n the 
selection o f an optimum pr obe diameter . Five load ranges were 
selected an d coded as follows: 

Ran ge Degree of 
(lb) Sensitivity 

L 1 t o 4 Extremely Sensitive 
2 . 5 to 8 Sens itive 

3 0 9 to 12 Moder a t ely Sensitive 

4 . 13 to 16 Modera t ely Insensitive 
S o 17 to 20 Ins ens iti ve 

18 
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Figure 11. Torso Sensitivity Data Collection 
Technique - Anterior View 
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Figure 12. Torso Sensitivity Data Plot - Tesr 
Subject No. 1 (Anterior View) 
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Figure 13. Torso Sensitivity Data Collection 
Technique Posterior View 
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A typ ical isobar p lot of equal load ranges was construc
ted, and coded for all 10 test subjects o Isobar plots for each 
of the test subj~cts were made, illustrating individual torso 
sensitivi t y o Typical da t a for the 10 test subjects are shown 
in Appendix Co The isobar p lots of t he torso show load toler
ance ranges and indicate torso sensitivity, from extremely 
sensitive to insen s i t ive o 

Co Data I terpretat ion 

Averagin g the t rso sensitivity data (Appendix B) for 
the 10 tes s ubjects (Figur es 14 an d 15) was the fin al step 
in preparing t e Is obar Tor so Sensi t ivity Charts shown in 
Figures 16 an d 17 o The data shown on t e ch a r t s indicates 
the degree of s en sitivi y of various areas o f t he torso ~ and 
denotes areas of extreme sen sitivity ~ modera t e sensitivity and 
insensitivityo 

The loads indicated are relat ive n umbers , and were de~ 
rived by u t ilizing a Hun ter force gage with a 3/16=ino diam 
flat probe to a pply loads to the t orso o The figures do not 
indicate maximum l oads t hat the body can tolerate , but the 
data may be used t o es tablish a "sen si t ivity ratio" between 
specific areas o f t h e o r so o For examp l e , usin g the hips as 
a base or the least sen sitive o i n t,, t e shoulders are 25 to 
31 percent more sen sitive than t h e hip s ~ while the chest is 
50 to 62 percent more sensitive t h an t h e hip s 0 

Percent 
.Hi·p· Load (lb) = Torso Referen ce Lo ad (lb) x 100 Sensitivity= - - - - -

(wi t h respect Hip Lo ad (lb) 
to hip s) 

The purpose of the torso sensitivity study was to de ~ 
termine the relative significance of load values indicated 
by the l o ad determination and magn itude measuring instrument 
when evaluating armor s u spensions o The Isobar Load Sen si= 
tivity Charts have value for the following reason s o 

s They p ermi t sen si t ivity c omp arisons between 
vario u s areas of the torsoo 

• They iden tify preferable load=bearing areas 
of the torso 0 

e Th e charts can be used as an aid i n designing 
suspe;1sion systems or in analyzing data col = 
lected f r om the load=sensing devices develop ed 
in this pr ogram by establishing whether a 
susp ension sys t em is dis t r ibuting loads pr o perly o 
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Figure 14. "Averaged" Torso Sensitivity Data 
Anterior View 

(10 Test Subjects) 
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Figure 15. "Averaged" Torso Sensitivity Data 
Posterior View 

(10 Test Subjects) 
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Figure 16. 

13-16 lb 

Isobar Load Sensitivity Chart 
Anterior View - Averaged Data 
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9- 12 lb 

Figure 17. 

1 7 - 2C lb 

Isobar Load Sensitivity Chart 
Posterior View - Averaged Data 
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The isobar ch arts further indicat ed areas where little or 
no loads could be tolerated (for example , around the neck
shoulder junction). They also revealed optimum load~bearing 
areas where high er loads may be en d ured . The degree of fleshi
ness or muscular development was n ot directly related to sensi
tivity or load~bearing capability 9 and in general, the subjects 
reacted consistently with respect to load sensitivity of the 
various regions of the . torso. This result increased confi
dence in the " averaged" va lues and p ermitted effective applica
b .on of the data in the subsequent design phases of the pro
gram. 

The resul!:'.s of the torso sensi_tivity studies may be sum··· 
marized as follows: 

• The hips are the least sensitive torso areas 
and can tolerate the greatest loads . 

o The abdomen below the rib cage can carry moderately 
high loads and is relatively insensitive. 

e The rib cage , anterior an d posterior 9 is sensitive 
an d can carry moderate loads only if properly dis
tributed . It is best to avoid these areas for 
load carry i n g. 

• The shoulders can endure mo der ate loads ar.d are 
good load~bearing areas . 

o The neck ~ where it join s the shoulder, is the 
most sensitive area o f t h e torso an d is a poor 
load-bearing a r ea . 

• The upper back on either side of t he spine is an 
excellent load-bearing area . 

e The s p i n e is a p oor load-bearing a r ea . 

• The chest is a poor load~bearing area, parti
cularly about the nipples, which are very sensi~ive . 

D. Physio l ogical / Psychological Consider a t iorlS 

The sensitivity da tct collec t ed are on ly one indication 
of human tolera . ce t o load. Physic al and men tal condition of 
a test subject can produce varia t ions superimposed on the 
nominal values . 
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The psychological makeup of our subjects made the collec
tion of sensitivity data extremely interesting. Individuals 
built up a tolerance to pain as the test progressed, and devel
oped a psychological immunity to being prodded with the test 
probe. Others expressed discomfort at the thought of having 
a probe impinge on their torso ? despite the fact that the probe 
was not producing pain . 

It may be safely assumed that the reaction to wearing armor 
also varies between individuals, depending on mental or psycho
logical reaction to having loads bearing on the torso . For this 
reason, weight distribution and awareness of load are e x tremely 
important to psychological acceptance of any armor suspension 
system. 

The sensitivity data collected, when used to develop a 
load- sensing garment, can establish whether a suspension system 
is accomplishing the desired goals of proper load distribution 
on the optimum load-bearing areas of the body. 
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PART III . LABORATORY TEST AND SUSPENSION SYSTEMS 
EVALUATION 

A. Test Procedure 

A laboratory test was condu c t ed using the Progressive 
Electrical Con tact Sensor Garmen t and Light Display Device for 
analyzing loads imposed on the body by armor. Three armor sus
pension systems were eval uated: 

• St an dard Army Aircrew (Modified) Car rier (Total 
System Weight = 34- 3 / 8 l b ) (Ref . 2) 

o Exp erimental Rasche l Net Suspen sion 
(total system weight = 34 - 7 / ~ lb) (Ref. 2) 

• Experimen t al Raschel Net Suspension with Waist 
Augmenta t ion (total system weight 36-3/8 lb) 
(Ref. 2). 

Three test subjects separat ely donned the l oad- sensing 
garment an d adj usted it to their particular size• . The armor 
suspension was t en donned over t h e load-sen sing garment 
(Figure 18) and the test subject exercised t hrough the follow
ing series of movements: 

1. Standin g - arms at side 

2 , Sittin g = arms at side 

3. Si tt i n g an d r eachin g forward 

'4. Sitting and leanin g forward 

5. Sitting and reaching righ t t o left 

The light display was set for th e c on tinuous mode and each 
of the four zones was interrogated dur ing the above movements. 
If a zone indicat ed high load levels, the display was set to 
hold a: .d the read button pressed ~ l o cking t he sensor inputs in ~ 
to the light dis l ay an d giving an overall picture of the load 
distribution and magni tude . Once the read button was released, 
the subject could change positions with o ut disturbing the dis
play. By comparin g the dis p lay to t he zon e maps (Figure 2), 
the sensor locations on the torso could be quickly determined 
and load ranges recorded on s pecially prepared data sheets. 
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Bending 
Forward 

Zone 3 Being 
Interrogated 

(Ref. Fig. 2a) 

Raschel Net/Waist Augmentation 
Suspension Worn Over Sensor 

Garment 

(Display Scanning Zone 2 

- See Figure 2b) 

Reaching Forward 

(Waist Aug. Belt 

Disconnected) 

Zone 2 Being 

Interrogated 

Figure 18. Evaluation of Suspension System Using Light Display 
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The test subjec t s used to evaluate t he various suspensions 
moved through the variou s test position s and the resultan t load 
patterns were observed for sh ifts in pressure point s or changes 
in load distribut ion with articu lation. Composite loading 
patterns were also observed by keep i n g the mode switch in the 
hold position and depressing the read bu tton while the subject 
went through the prescribed test mov emen t s. 

B. Data Presentation and An alysis 

1. Data Collectio 

Th e i n f ormat i n presen t ed on the lig t disp lay can 
be treat ed i n several fash i o s. 

a . The investiga tor can visually analyze loa d 
patt ern s and t h e shifts i pressure points ~ 
or l o ad distribut ion with ar t iculation. 
Visual comparison s can t h en be made between 
various suspension systems. 

b. The l oad p a ttern o f part icular i terest fo r 
an y p osition c a n be l ocked i nto t he light 
display an d an a l yzed at great er len g t h. The 
data can also be recorded on a dat a sheet 
by tran scribin g t he light pattern s appearing 
on t h e display , 

c. Color ed Polaroid p ic tures o f the load pat terns 
c an be tak en f or a e r ma ent rec ord . 

d. Movies of the ligh·t disp lay can be ma de with 
t h e display set in the c on t i n uous read mode, 
and the test subject a rt iculatin g t hrough a 
series of movements . 

2. Data An aly s is 

The light patterns which a ppear on t h e light display 
console locate loads an d indicat e t h e magnitude o f forces im
posed on the torso . Th e display scan s four zones and t he in
vestigator mus t i nt erpolate between t he di s pla y presentation 
and the z one and / or sen s o r on the tor so (F i gures 2a and 2b). 

A data sheet was prepared for the laboratory test, with 
a typical completed sheet shmvn i n Figure 19 . Evaluation data 
sheets for the various suspension s a r e contain ed in Appendix E. 
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The data sheet shows the f our z on es of t h e torso scanned by the 
sensor garmen t . Each z o e on the data sheet includes the 30 
groups of 3 colored light s of th e light display . Four zones are 
shown for each o f t h e tes t position s described earl i e~. With 
the test subject i n a se l ec t ed t es t position 3 the color ed light 
patterns were observed an d mar ked on the data s~eet . 

Reviewin g th e evaluation da t a shee t s , the fo l owing con
clusions can be drawn f o r t he s us pen sions evaluated . 

Army Standard Air crewmen Armor Carr ier 

• The car rier dis .r ibutes high a r mor loads t h e 
s houlder s in t h e s t anding ~ si t t i n g an d sitt i n g 
p us r eachin g f o rwar d po s i t ion s. 

• Moderate armor loads are distributed on t he 
lower back an d practically no armor l oads are 
carried on the t or s o f ront. 

s High armor 1 ads are con centra t ed on th e s p ine 
an d bac k wh en lean i n g or reach ing f orward. 

Raschel Knit Su s pension 

The following commen ts i n dicat e t h e relative character
istics of the protctype suspension s sys t ems (Ref. 2) compared 
with the Standard Army Aircrew Carrier (used as the control 
item) o 

• Armor load concentration s on the shoulders ap~ 
pear to h ave been reduced as i n dicated by a 
preponderance of green light s in t h ese areas . 
(Referen ce data sheet, Figure 19 an d Appendix E). 

• The raschel knit ac t i n g i n ten sion across the chord 
line of the armor element s aids in distribu t ing 
armor loads on the ch es t an d back a;J.d min imizes 
armor loads on the s pine . However 9 f or cer t ain 
individuals high l oad con centration s still appeared 
on the spin e , indicated by th e load" sen sing device. 
This suggests that t h e t ension web a pproach 9 though 
function i n g in mos t cases , coul d still be improved. 

• The raschel knit over the shoulder can f orm lines 
of high stress concentration if not properly sewn 
into the car rier . Addi t i onal effort is n ecessary 
t o elimin a t e this possibi l ity. 
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Raschel Knit Suspension Waist Augmentation 

• The waist augmentation belt (ReL 2) effectively 
reduced armor loads on the shoulders by transferring 
the load to the hips . 

• High load concentrations on the back ~ in articulated 
positions , were indicated by the load-sensing device 
(bending and reaching forward) . The device dramati
cally portrays that the suspension/waist augmenta
tion a pproach has improved load distribution . How
ever ~ additional design effor t i s required to optimize 
the a pproach. 

• The waist augmentation belt t ends to slip down on 
the hips during articulation or during extended 
periods of use as indicated by the increasing 
number of J.ights in the shoulder, chest and back 
areas . One can t herefore deduce from the data 
that the waist augmentation belt~ in its present 
form, would require readjustments by the wearer 
during extended periods to properly perform its 
load-transferring function . Further design efforts 
should be applied tc improve this condition. 
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PART IV. CONCLUSIONS AND RECOMMENDATIONS 

A. Conclusion s 

The developmen t of a "Per s onnel Armor Load Profile Analyzer" 
involved many unique accomp lish en t s i n cluding (1 ) method of 
sensing loads, (2 ) i n t egrat: i on an d position i n g of s ensors in a 
suitable garment~ (3 ) method o f displayi g i n f ormation , and (4) 
correlation of output da ta to tor so sensitivity, The follow-
ing conclusions are based on the wor k performed during the 
program: 

e Armor susp en s i on sys tem s can effec t i vely be 
evaluated using the Per s onn e l Armor Load Pro fiie 
Analyzer . Static an d dy amic load p a tt e rn s are 
displayed and the shift i n t hese patte rns with 
ar t iculation can be obser ved , 

• The data obtained from the display can pr ovide 
guidelines for improv ing sus ension sy stem de~ 
sign by determin i n g wheth e r a art icular s u spen
sion is effective i n dis t rib u i ng l oads on the 
optimum load-bear ing a~eas of the t r so o 

• The progressive elec trical contact sensor ap-
proach provides a direct reading system with maxi
mum reliability ~ ruggedness and versality , In 
addition, the sys t em doe s not require s p ecial signal 
conditioning equ i pmen t " 

o The variable inductance sensor a pproach produces 
an analo g sensor out put co ver t ed to a digital 
display . The shortcomin gs of this sys t em are: 

(1) signal generator driftin g which requires 
recalibration of sensors p eriodically . 

(2 ) limited capability to i n t e r rogate multiple 
sensors simul t an eously without introducing 
a complex mech an ical o r electronic scanning 
system. However ~ this sen sor offers certain 
benefits with respect to ease of calibration, 
and flexibility in the n umber of load ranges 
which can be accommodated. 

35 



B. Recommendations 

• The requirement for switching through different 
zones to view a particular group of sensors is 
not desirable. A display which would permit 
simultaneous sensing and immediate viewing of 
all load points would be preferable. 

• A full ~size anatomical display would eliminate 
the need for an observer to interpolate sensor 
location on the torso. 

• A memory capability should be incorporated to 
provide the researcher with extended viewing 
time for studying display data without continuous 
input from the test subject. 
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APPENDIX A 
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TORSO SENSITIVITY DATA 

(Torso Left ~Hand and Righ t -Hand Data Averaged , 
Test Subjects 2 thr ough 10) 

B-la 



"Averaged" Torso Sensitivity 

Data For Test Subject No. l 

(Anterior View) 

B-1 



"Averaged" Torso Sensitivity 

Data_Kor Test Subject No~ 

iEosterior Vie~ 

B- 2 



Test Subject 2 

(Front Avera ged) 

B-3 



Test Subject 2 

(Rear Averaged) 

B- 4 



~~ 
II\ , \ 
~ 

Test Subject 3 

(Front Averageill_ 

B-5 



Test Subject 3 

(Rear Avera~ 

B-6 



Test Sub' ] ect 4 

(Front A veraged) 

B-7 



Test Subject 4 

(Rea r Averaged) 

B-8 



· · ~\? 
~\. 

~ - · 

Test Subject 5 

(Front Averaged) 



Test Subject 5 

(Rear Averaged) 

B-10 



Test Subject 6 

(Front Averaged) 

B- 11 



Test Subject G 

(Rear Averagedl 

B- 12 



Test Subject 7 

(Fron t Averaged) 

B-13 



Test Subject 7 

( Rear Averaged) 

B-14 



Test Subject 8 

(Front Averaged) 

B- 15 



Test Subject 8 

(Rear Aver a ged) 

B-16 



Tes t Subject 9 

(Front Averaged) 

B-17 



Test Subj ect 9 

(Rear Ave r a g ed) 

B-18 



~~~ 
~, '\~ . 

~' 
~ -

Test Subject 10 

(Front Averaged) 

B-19 



Test Subject 10 

( Rear Averaged) 

B-2'0 



APPENDIX C 

TORSO SENSITIVITY DATA 

INDIVIDUAL ISOBAR CHARTS 
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SCHEMATIC DIAGRAM FOR PROTOTYPE #1 

(Progressive Electrical Contact 
Sensor Garment and Light 

Display) 

D-la 



0 

0 

D- 1 

0 

(l) 
.-1 
0 
(/} 

~ 
0 
u 



J_ 
4: 
uJ 
J 
\J 

0 
0 

D-2 



I 
7?? Z?'#E 

..J'R EC/rJ!? ..?#/ /C/1 

7cJ .:fc/lftJR #'~ I 
()// ?tP#f".f! ~.11¢ 

I 

I 
7t1 t'--1#~ &IG"GCA' 

C/R('t///J" I /#tfQI ?~ 

Schematic Diagram - Progressive Electrical Contact 
Sensor Garment 

D- 3 





APP.END.IX ... E.. 

ARMOR SUSPENSIONS EVALUATION DATA 



~ ~ ' ~ 
...a-:.r.·,. _ ., __ ,_.....,.,..,,_.., . , -- ~-- ""': ,..,__..., •. . , ,n.>r . .!'~~ J . "l >·,o;• . ., ., :.r;..,..,. , ~ :n.v··.-...., ~ , .. ., .• - .... ,, . ...._. ·· .,.__..,,.,. .. ..., .. ~ . ...... ,.., .......,. .. _ ... . __ ..., ...,.._.,. ··"''""''..C·T.··--)I""P~-..,.._,, ·r 

0 0 0 0 0 l 0 0 0 C \ / / 0 e 0 ~ 0 0 0 0 ~ 
0 0 0 0 0 t 0 0 0 0)\-'"' 0 ~ 0 ~ 0 0 0 0 0 

~ 00000 0000()000 ~ 0000 ~ 

\§ 00000 0 ~ 00 ~) 0 ~ 00 00000 
00000 000 ~ 0000 00000 
ooooo 1 oooe ~~o o! ooo o o 

-.._....,., .... _ _ _.._..._.,,•,-.;-:.J--.•·--- ~-- _w., ___ .,. __ -'_ , ___ _ 

E-1 



:0 0 0 
~ o 0 ~ 
.Q ~ • 0 ~ ~ 

0 0 "' 0 00 

00 ~ 
~ 00 

··~ 000 
000 
000 

0 () 

• • • • 
~ 0 
0 0 
0 0 

(). 

•• ()8 
00 
00 
0 0 

.. . ... - .. ----· - ... . 

00000 
0000 () 
oooo e 
00000 
00000 
00000 

0 0 0 0 . o 0 0 ; 0 0 00 0 
~ 0 0 0 0 0 0 

; 
0 0 0 0 0 

l 

"' 0 0 0 ( ) 0 0 0 0 0 0 00 0 '·( ; 

0 ~ 0 0 0 0 ,, 0 Oi 0 0 0 0 0 '-./ 

0 0 0 ~ (J) 0 ~ ~ o: 0 0 0 0 0 
~~ ' 

~ 0 0 • () • ~ o: 0 0 00 0 
. -- . ... . . - ·-· .. , ··- . ·- · . 

• 0 0 0 o ·, )o 0 0 1 0 0 0 0 0 
0 0 0 0 ·~ 0 0 0: 0 0 0 0 0 
0000()0000 ;0 0000 
0000 (

1
)0000 !00 000 

ooo oc) o~oo : ooooo 
~ 00 0 C> ~() 00 1 0000 0 

' -·-·· - . ' . 

0000 000 ~ 00 0 0 ~ 
~ 

~ 00 0 

0 
0 0 0' 00 0 00 

e ooo 000 0 ' 00 000 
~ 0 ~ 0~0 ~ 00 0 0 0 0 0 
000~~0 <) 00 00 000 
~ O ~() . ()() 0 0, 0 0 0 0 0 

00000 000 
00000 000 

~ 0000 ~ 000 
\) 00000 00 ~ 

00000 00~ 

o\_Jo'~ (»"·'"() »moU 6"'0 . 0 0 

0' 00 ~ 00000 
o i6oo o ~ ooooo 
0 00 00 00000 
~ 0000 0 0 0 0 0 
• . ~ 000 00000 OOOOOj ~ OO 

0000010000 ooofoo 0~ 0 

~ 
00000 0000 0 0 0 0 0 00 0 
0 0000 00 ~ 0 0 000 ~ 0 00~ 

~ 00000 ~ 0 0 0 0000 00 000 \) 
00000 00 ~() ~ 000 00 0 00 
00000 ~ oo • ~000 00 000 

'::t.. "'-~ "'-.. '-'\') 

E- 2 

j 



'-.. 
::< 
~ 

~ 
IS 
(l; 

~--
~ 
'---' 
'-J ,, 
2( 

C) 

~ 
~'-,j 

--( 

• 

~I 
~ 
~ 
~ 
~ 
~ 
. 

~ 
0 
·"") 

~ 
~ ~ 
~ 
~ 

~ 
~ 
(() 

t" 
~~ 
,;)~ 
\ , ' 
\ :0 ':\ 
~~ 

""·~ . " 
~~-
"') \~: 

'• 

~ C) 000 0 0 oo .. J o 00 
()Q~ OO 0 0 00 0 0 0 
()·~~ 0 r· 0 ~ 0000 00 u 

t 

~·~~ 0 0 ~ oo ; oo 00 
0 ~()0 0 0 ~ ~() 00 ~ 0 
o ~eo o () 0 8 8 . CJ () () () 

~ 

~ 
~0 
'\.! ... ' 

'"' "'~- . ~-~ 
~ ~\_ 

\') 

• •• • 0 0 00 0 000 

••• () 0 . 000 0 000 

••• ~ 0 00 00 qoooo 
••• ~0 0000 0000 ~ 
0 ~() 0 0. 000 ~ ~ 00 ~~ 
0~~ 00 000 ~ Cf) ~ OOO 

~ ... ,~ 

~ '-:· 

""'~-: 
~ ~':( 

~~ '.3 
~ 
~ 

., 

: 0 ~ 0 0 0: 0 0 ~0 000 
, 00000 · 00 ~ 0 . - 0 0 0 
~~~ oo: 00 • o c1) 0 0 0 0 

- ~ 0 0 00 
' 
00 ~ 0 ~ ~ 0 0 0 0 

0~000 00 ~. 4 -0~ 00 
0~~ ~ 0 ; 00 0 () ( t ~ C) () 0 

.. 

- - · 

00000 000 0 0 8() 
0~~00 000 o ·,. 0~~ 

'0-. 
~ 

0 ~~~ 0 00() 0!0 0 0 ~ 
0~0~0 00 ~ ~ ~ 000 
00~00 00~ • • 000 
00~~0 000 () ~ 000 

o o o o o o o o o\\ 
00000 000 0 

~ 00000 OOCJO 
~ 00000 008() 

00000 00~ 0 
oo~~o!ooo() 

0()() 

0~~ 
000~ 

~~0~ 

•~o o 
~00 0 

E-3 

00000 
00000 
~0 000 
00000 
~ 0000 

0 ~ 0 0 OJ 

0 o~•ct 
000()~ 

~0 0 ~() 

~ 000 ~ 

~0 00 ~ 

0 ~ coo 

00 0 ~ 0 
0 0 0~ 0 
0 0 00 ~ 
0 0 0 0 0 
0 0 00 0 
0 0 () 0 0 

0 0 ~~0 
0 0 0 ~ 0 
0 0 00 ~ 
0 0 00 0 
00000 
0 ~000 

000 "'~ 
00000 
000 00 

· o oooo 
0000 0 
0 ~000 



~ 
~ 
l,S 

~ ~ ~~ 
~- \)~ 
~ ~~ \. 
'-.! \~~ ~~ 
~ 

'~ () ~~~-
~~ 

~ 
~ 

~ 

l 

00000 0 0 0 0 · 000 000~0 
00 ~~~ 0 0 00 000 00000 
O ~QJ~~ 0000 0000 00000 
000 ~ 0 0 0 ~ 0 t oooo 00000 
000 0 0 0 ~0~ ~•oo ~0000 
00000 000 ~ . 0()00 00000 
···-· . . ' . 

• 0 ~0 ()0 0000 000 000~0 
: 0 0 () ()~ 0000 000 000~0 

O Cie e0 0000 0000 000~0 
O CJe e o oooogoooo 00 0~0 

00 () () 0 00 ~ 0 0 ~ 00 000 ()~ 

00 ~ 0 0 0000 0 ~ 00 000 00 

0000 0 0 0 0 ov o 0 0 00 000 
; 00000 0000 000 00 000 
0 ~~~~ ooooc~ooo ~ ' 0 0 0~0 
000 ~ 0 00 0 0 0~000 00 000 
000 ~ 0 oo Ct0t0e0o ' 0 0 000 
0000 ~ 0 0 . ~ 0 ' ~. "' 0 0 00 0 0 o, 

. .. 

' ' 
O O OO ~[EB OO 0~ ' 000 0 0 0 ~ 0 
000 0~1 000 o\../ 000 00000 
O ~~~~ 'EBOO 0 0 000 ~0000 
000 ~ 0 000 ~ ~ ' 0 000 ~ 0 000 

000 ~~ 00 ~ () ( ~ ~ () 00 00000 
00000 000 0 • ~ ~ 000 000~0 

~ ~ ' ~ 

00000 0000 000 OOOEDO 

~ 
0000~ 0000 OOEB 00000 

~ 000~0 0000 OOOEB EBOOOO 

~ 000 ~ 0 OOE9EB EBEB~EB EBOOOO 
000 ~~ OOEB<l E9()00 00000 
00000 OOOEB EBOOO 00000 

~ 1:\,z ' ~ 

E-4 



000 ~() ~ o o o\ o 0 0 gggggl ooo ~• ~ 000 ' 0 0 ~ 
000 ~~ ~ 000 ~ 0000 00000 
000 ~ 0 oo ~~~ oooc 00000 
00000 oo ~0 o e 00 00000 
00000 000 0 0 ~ ~0 00000 

--- ·' 

- . P•- --- '• ' ' ·' 
00 ~ •• 0000 000 00000 

'0 0 ~ •• 0000 000 00000 
0~() .() 0000~0000 0 0 0 0 0 
0 00 0 0 OOOOt.. 0000 00000 
000 0 0 0000 0 () 00 00000 
000 0 0 0000 ' 00 00 00000 

~ ~ "-... l't) 

~ 0000 0 0000 000 00 00 0 
~ I 3(: 000 0() 0000 000 00 000 

~~ 

~~ 00 ~~0 0 000 0 00 0 00 0 0 0 
~~ 000 ~ 0 00~~ 0000 00 000 

($ 
00000 00 0~ o e oo 00 000 ~ 

~ 0000 ~ 0 000 0000 00 000 
-

~ "N ' <;'-\) 

0000 0 ~ 00 0 000 0 000 0 
0000 () 0 00 o · 00 ~ 0 0000 

~ 0000 0 000 ~ 000 ~ ~ 0000 
\) 00000 ~~~ () 0 000 0 0000 

0000 0 00 ~ • 0000 0 0000 
00000 000 0 0 0 0 0 0 0000 

---~"' 

~ ~ '- "t) 

-
00000 0000 00 000 

~ 
00000 0000 00 000 
00000 0~00 00 000 

~ 00000 0~..,() '-' 0000 \) 
00000 oo~• 00000 
00000 0000 0 0 000 

_.oc-, . .. __ __ _.._,.,_ 

'\,. ~ ' ~ 

E-5 



~ 
~·:c...~ 
" t <, -
It t" ~ " ~ ~ I. 
:::... -\:': \::: 
~ \,'\ 
'.!: \:::!~ 
~c! 

' " ~ ""..~ 

() :0 
~~-

~ 
~~ 

~ 

0 ~ 'b 'i~ 0 0 0 0 ('\ () 0 0 0 () () 0 (1/; ~· ·· . ../ 

0 0 q; Q5 0 0 0 ("' 0 r ' \ 0 0 0 0 0 0 0 .J \ , .) 

() ~ ~ ~ (' r-· 0 (/': ClJ (~ ~ 0 /I 'I C) 0 () 0 ~ ,.} ._) \~ \..., 

0 rlJ til; (/} ( ' () 0 ~ <]) { ~ r.lJ u f\ 0 0 () 0 0 0 ,_; ,__, 

0 0 0 0 0 0 ~ 'b ~ €~ ilJ • ~ 0 0 () 0 0 0 
0 0 () 0 0 0 0 0 0 () i) 0 0 0 0 0 () 0 0 
- - ·-

• ~ 
0::~ \(,~-
"v"' ~ ~ 

~ "'~ 
~~ 

~ \) 

~ 
~ 
~ ~ 

~ 

~ 
~ 

'«,~ 

~ ~~ 
~~ . 

~ 
~ 
~ 

~ 
~ 

0 ()C) • ~ ·. 0 0 (' c () 0 r \ 0 0 0 0 • .J v 

0 ~ () C) rlJ 0 0 0 0 t 0 

0 0 0 0 0 0 0 
0 () • • ~ 0 0 () 0 00 0 0 0 0 0 ~ 0 
0 ~- () 0 0 0 0 ~ 00 ()(' 0 0 0 0 0 j 

0 0 (/) () 0 () 0 0 ~ (f).., 0 0 () 0 0 0 0 
0 00 0 0 (' 0 r:__) 0 () () 0 ~ 0 0 0 0 0 o , ,) 

I 

l 0 0 ~ ~ 
. ~ ,. ' 

0 ~o 0 oc 0 0 () 0 0 00 0 
0 0 ~ ~ 0 :0 0 00 0 0 ~ 00 0 0 0 
;0 ~(/J ~ 0 , 0 0 0 ~ (. 0 0 00 0 0 000 
; 0 0 ~ ~ 0 :0 0 C) ~~ ~ ~ 0 0 (~• 00 0 0 0 .. .) 

0 0~ 0 0 :o 0 ~ 0 x ~ • 00 0 0 0 0 0 
000 'f) ~ . () 0 0 0 ) ~ 0 00 0 0 00 0 

. . . . 

~ 
~ 
~ '0.. ~ \'i ~ 
([) 

00 ~~ 0 000 0 0 00 0000 0 
00 ~~ 0 000 o. O O'b 0 0 0 0 0 
0 ~~~ 0 00 ~ ();0 00 10'l 0 0 0 0 0 
0~~~ 0 00 ~ () 0~~ 0 ~ 0 0 0 0 
00 000 000 Q'J¢~~~ 0 ~ 000 0 

000~~ 000 0 000 ~ ~~ 000 

000~ 0 0 0 00 _,Jo o o 00 0 ~0 
00 ~~ 0 00 ~ 0 00~ 00 000 
0 ~~0 0 00 ()()4 • ~ 0 0 0 00 000 
000 ~ 0 00 ()() ( • ~ ~ 0 ~ 00 0 00 
00000 0 0 0 ~ ~ ~~~~ 0 ~0 000 
000 ~ 0 OOOOQOOO ~ ~~ 000 

= .. 

E-6 



; 

0 00 00 0 0 00 0 0 0 0 ('\ 
,J 0~~ 

0 0 0 0 Ct 0 0 0 0 0 0 ~ 0 ·:) 00 0 
0 0 0~0 0 0 00 () 

' f 0 0 0 0 0 000 ct 
00000 0 0 00 ¢ () 0 () 0 0 000 ~ 
0 0 0 00 0 000 0 • 0 0 0 000 0 
0000~ 0 0 0 0 (,) 0 () 0 0 0 0 00 0 

~ 
""" 

t') 

~ 0 o • • 0 0000 0 00 0 00 00 
~-. \.\ 0 0() 00 00 0 00 0 0 0 0 ~ '\;I ' 
~ 0 0 ~· 8() 0 00 0 0000 0 0 0 0 0 '' ~'. 
'~- ~ .. 0 0. eo 00 00 00 00 0 0 00 () 
~ ~\ 0 0 () 00 0000 00 00 0 0 00 () 0 -~ 
\). ' 0 0 0 00 0 00 0 (I) () () 00 0 0 0 0 0 

- • • • + ~ - . .- ·~ M 

~' ~ 

""" 
~\) 

(', 

"" 0 000 0 0 0 00 00 0 0 0 0 0 ~ "· ,, 
, ·<{ 

() 0 00 0 00 00 !!/ 000 00 0 0 0 ......... . 

"'~- ~? 
\' \. 00 ~~ 0 00 00 ~0000 0 0 0 0 0 

[· ........ " 
~0, 00 0 0 0 00 00 0000 0 0 00 () 
\~·0 

000~ ~ 00 0~ 0 00 0 0 00 0 "'· \ .'-
\'' 

0 00 0~ 000 0 00~00 0 0 00 0 ~~ 

~- ~ ' ~ 
· -· 

o o o o~ Jo . ;:ueiN a 

· oo o o o ·I 
0 0 ~ 0 0 0 0 ~ 

00000 0 0 0 0 ~----~ 0 0 0 I 0 0 0 0 0 
0000 0 0000(~ 0 00 0 0000 ~ 
0000 0 0 0 0 0-~~00 0 0000 0 
00 000 0 0 0 ~ ~ ~0~ 00 00 00 0 
00000 OOO OyOO OO 000 0 0 

.• 

~0000 0 00 0 ,)g 0 0 00 00 0 
1 

~0000 000 0 00 0 0 00 0 
~00 ~~ 0 0 0 0 ' ~ 0 00~ 00 0 ~ ~ 

000 ~0 0 0 0 0' ~ 0 0 0 0 00 00 () 
~0 00 ~ 0 0 0 ~' ~ 0 0 0 0 0 0 00~ 
000 00 oo oo f. oo oo 00 00 0 

E- 7 



'-. 

0 ... 
(!. 
(; 

r"-
~ '\ \ , 

'::-, G ~-' '\J 

<;..~ -,. "1 
I ' .._:; . ·· j ~ 

'. \~ ..:. :~ j.~ 

~ '<,. • 

() <~ 
0~ 
') ~<-

~ \. 

~ 
" 

, • . -· ·· ·· .. .... . .. ~. ... - . 

00 ~~ 0 . 0 000 0 0 0 . 0 0 ~ ~ () 

00 ~~~ 0 0 00 0 0 0 0 0 00 ~ 

0 ~ ()()~ 0 c 0 0 C) 0 00 0 00 0 ~~ 
0 ~ 0 8 0 0 0 o ~; o 0 0 0 00 00 0 
() ~()ct~ 0 ~ ()C) • () 0 0 0 0 0~ 0 

0 ~~~~ 0 0 o o c) ~ ~ ~ 0 () () () ~ () 

• 0 ~~ . () . o o o o ·. 000 0 0 0 0~ 
0 0 () ~~ 0000 000 000 ~~ 

o ~• • o ooooc 0000 ooo ~• 

o ~• • 0 ooooc>~ooo 00000 
o ~• e o ooo ~~f/J ooo 0000 ~ 

0 ~~ ~ 0 0000~) ~~ 00 0 ~ 0 ~ 0 

~\. '\:\: ""-... \'\) 

~ 
00 ~~ 0 0000 () 0 0 0 0 ~ 0 ~ \:.' -

~ 00 .., 00 0000 0 00 0 0 0 0 ~ ~-

"""~: 
~ O ~ct~ O 0000 0 0 0 0 0 0~~ 

~~ 
~~ 00 ~~ 0 0000 000 0 0 0 0 () 
\~ 

00 ~~0 O ~()~ ~()00 0 0 0~~ ~ 
~ 00 ~ 0 ~ 0000 ~~0 0,00 0~0 -

'\:!- ~ ' ~\) 

00 ~~ 0 o o o ~\_ .Jo o o 0 0 ~~~ 
00000 0000, 000 0 0 0~~ 

~ ~ ~ ~ 0 
000 ~ 0000 000 0~ 

00 ~ 0 0 0 0 ~' ~0 00 0 00000 
0000 0 0 ~ ~' ~ 0 0 0 0 00000 
000 0 0000 • 0000 000.,0 

'\:!- "l ""' '\) 

.~--.-.··-

0 0 00-<l/ ~ 00 ~~0 000 ~ 000 
~ ~ 

00 ~ 00 0000 00~ 0000~ 

~ ~ 0 ~~~0 000() 000 0000(} 0: 
\) 00 ~~0 00~() ~0~ 0000 ~/ 

~ 00000 00~~ 0000 00 0 00 1 
~ 00000 0 0 0 0 v 0000 ) 0 ~ 0 ~ 0. 

' • J • .. -

~ 
") ~ \:\.,z ' t'l.) 

E- 8 





DEPARTMENT OF DEFENSE ADDRESSEES 

Director 
Dept. of Defense Research & Eng. 
ATTN: Advanced Research Projects Agency 
The Pentagon 
Arlington, Va. 20301 

Chi ef, Programs & Policy Office 
Directorate of Tech. Operations 
DCTSC 
2800 South 20th St. i 
Philadelphia, Pa. 19101 ~ 

US ARMY ADDRESSEES 
Commanding Officer 
US Ar~y Aeromedical Research Unit 
ATTN: Tech . Library 
Fort Rucker, Ala. 36362 

Library 
US Army Airborne, Electronics & 
Special Welfare Bd. 
Fort Bragg, N.C. 28307 

Commandant 
US Army Armor School 
ATTN: Chief, Pol & Tng Lit Div 
Fort Knox, Ky . 40121 

Commanding Officer 
US Army Arctic Test Center 
APO Seattle,Wash. 98733 

President 
US Army Bd. 
Fort Knox, Ky. 40121 

President 
Hq, US Army Ar tillery Bd. 
Fort Sill, Okla. 73504 

F-1 

Number of Copies 
1 

1 

1 

1 

1 

1 

1 

1 



US ARMY ADDRESSEES (cont . ) 

US Army Aviation School Library 
Bldg . 5313 
Fort Rucker, Ala. 36362 

President 
US Army Aviation Test Bd. 
Fort Rucker , Ala . 36362 

US Army Ballistic Research Lab. 
ATTN: AMXBR:..·TC, Mr. B. F. A rmendt 
Aberdeen Proving Ground 
Md. 21005 

Commander 
US A~y Biological Labs. 
ATTN: Tech. Library 
Fort Detrick 
Frederick, Md . 21701 

Commanding Offi cer 
US Army Bureau of Aviation 
Accident Research 
ATTN: Tech . Library 
Fort Rucker, Ala . 36362 

Commander 
US Army Chemical R & D 
AT N: Tech . Li brary 
Edgewood Arsena l , Md . 21010 

Commanding Officer 
US Army Coa t i ng & Chern Labs . 
Aberdeen Proving Grounds 
Md . 21005 

Commanding Genera l 
US Army Electronics R & D Labs. 
ATTN: Tech. Li brary 
Fort Monmouth ~ N.J. 07703 

F-2 

Number of Copies 
2 

1 

1 

1 

2 

1 

1 

1 



US ARNY ADDRESSEES (cont.) 

Commanding General 
US Army Electronics R&D Labs. 
ATTN: Tech. Information Div 
Fort Monmouth, N.J. 07703 

Commanding Officer 
US Army Mechanics & Materials 
Research Center 
ATTN: TEch . Library 
Watertown, Mass. 02172 

US Army Materials Command 
Research Div. AMCRD-RL 
R&D Directorate,B1dg. T-7 
Washington D.C . 20315 

Commanding General 
US Army Missle Command 
ATTN: AMSMI-PC 
Redstone Arsenal, Ala. 35808 

Commanding General 
US Army Mobility Command 
ATTN: AMSMO-RR 
Warren, Mich. 48089 

Director of Research Labs. 
US Army PersonnEl Research Office 
ATTN: Tech . Library 
2nd and T St., SW 
Washington D.C. 20315 

Commandant 
US Army Quartermaster School 
ATTN: Quartermaster Library 
Fort Lee, Va. 23801 

F-3 

Number of Copies 

1 

1 

1 

1 

1 

1 

2 



US ARMY ADDRESSEES (cont.) 

Commandi ng General 
UAS Comba t Dev . Command 
ATTN: CDCMR-0 
Fort Belvo ir, Va. 22060 

Commanding Officer 
US Army Comba t Dev, Command 
ATTN: CDQMA-F 
Fort Lee ~ Va . 23801 

Commanding Officer 
US Army Combat Dev. Command 
Combat Service Support Group 
Fort Lee, Va . 23801 

ACOFS, G3 
Hq. US Army Combat Dev . Command 
Experimentat ion Center 
Fort Ord ~ Ca l i f o 93941 

US Army Command & Gen . Staff College 
Library Div. 
Fort Leavenworth Kan. 66027 

Commanding Genera l 
US Continental Army- Command 
ATTN: DCSLOG ~ Maintenance Div. 
Fort Monroe ~ Va . 23351 

Commandi.ng Genera 1 
US Army Edgewood Arsenal 
ATTN: Directora te of Commodity 
Management 
Edgewood Arsena l ~ Md . 21010 

Commanding Officer 
US Army Mobil ity Equipment R&D Center 
ATTN: Te h . Documents Center Bldg. 315 
Fort Belvoir ~ Va. 22060 

F-4 

Number of Copies 
1 

1 

1 

2 

1 

1 

1 



US ARMY ADDRESSEES (cont.) 

Commanding Officer 
US Army Researc h Office, Durham 
ATTN ~ CRD~AA- IP 
Box CM ~ Duke Station 
Durham 9 N. . 27706 

Director 
US Army Research Office 
ATTN : Human Factors & 

Operations Research Div. 
3045 Col umbia Pike 
Arl ington~ Va . 22202 

Commanding Officer 
Special Operations Research 
Field Office 

' P:O . Drawer 942 
Fort Glayton 1 Canal Zone 

US Army Special Welfare School 
ATTN: Assistant Secretary 
Director of Instruc ion 
Fort Bragg 9 N. C. 28307 

C. ief, Sta tus & Support Branch 
Maintenance Readi ness Div. 
US Army Supply & Maint. Command 
Washington D.C. 20315 

Director 
Army Tec h Informa tion 
US Ar my Re search Office 
OCRD Room 209A 
Ar lington 9 Va . 22200 

Commanding Offic er 
US Army Aviation Material Command 
ATTN: Tech . Li brary 
P . O. Box 209 
St. Louis ~ Mo . 63166 

F-5 

Number of Copies 

1 

1 

1 

1 

1 

1 

2 



US ARMY ADDRESSEES (cont.) 

Commanding Officer 
US Army Human Engineering Labs. 
Aberdeen Proving Grounds 
Md . 21005 

Commanding Officer 
US Anny Human Engineering Labs. 
ATTN: Tech . Library 
Aberdeen Proving Grounds 
Md . 21005 

President 
US Army Infantry Board 
Fort Benning, Ga. 31905 

Commandant 
US Army Infantry School 
ATTN: AJIIS-A 
Fort Benning ~ Ga. 31905 

The Army Library 
ATTN: Procurement Section 
Room 1A522, The Pentagon 
Washington D. C. 20301 

Director 
US Army Limited Warfare Lab. 
ATTN : Tec h . Li b ra ry 
Aberdeen Proving Grounds 
Md. 21005 

Redstone Sc i entific Information Center 
US Army Miss le Command 
ATTN : Ch, Documents Section 
Reds tone Arsena l 9 Ala. 35808 

Commandi ng Genera l 
USA Tes t & Evaluat i on Command 
ATTN: AMSTE- TAA 
Aberdeen Proving Gr ounds 
Md . 21005 

F- 6 

Number of Copies 
1 

2 

1 

1 

1 

1 

2 

1 



US ARMY ADDRESSEES (cont.) 

Corrrrnanding Officer 
US Anny Tropic Test Center 
Fort Clayton ~ Canal Zone 

Director ~ Library 
US Army ·war College 
Carlisle Barracks 
Pa . 17013 

Commanding General 
US Army Weapons Corrrrnand 
ATTN~ AMSWE-RDR 
Rock Island~ Ill. 61200 

Chief 9 Supply Div . 
Logistic Ser vices 
Hq, Fort Monmouth 

·.Vail Hall 9 Bldg . 1150 
Fort Monmout:h ~ N. J . 07703 

Director 
Engi neering & lnd Services 
ATTN: Directorate of Chemical 
Engineer 
Edgewood Arsenal 3 Md. 21010 

The Geor ge Washington University 
Human Resources Research Office 
Remote Area Training Div. 
300 North Washi ngton St . 
Alexandria Va . 22314 

Director 
US Anny Advanced Material Concepts 
Agency 
Washington D. C. 20315 

F-7 

Number of Copies 
1 

1 

1 

2 

1 

1 

1 



US ARMY ADDRESSEES (cont.) 

Director 
Army Materials & Mechanics 
Research Center 

.ATTN: Project Manager-Armor 
AMXMR-A 
Watertown, Mass. 02172 

Director ~Army Materials & Mechanics 
Research Center 
ATTN: Ch ~ Mat Research Lab. 
AMXMR-R 
Watertown, Mass, 02172 

Direc.tor 
Army Materials & Mechanics 
Research Center 
ATTN: Chief, Ceramics Div. 
AMXMR-RC 
Watertown, Mass. 02172 

Director 
Army Materials & Mec.hanics 
Research Center 
.ATTN: Ch ~ Dev . & Eng. Lab . 
AMXMR-E 
Watertown, Mass. 02172 

Command ing Officer 
Aberdeen Provi ng Ground 
ATTN: STFAP- DS-TU 

Hr . W, Pless 
Aberdeen Provi ng Ground 
Md. 21005 

Commanding General 
US Army Mate r i a l Command 
Direc t or of Development & Eng. 
Individual Equipment Branch 
ATTN: C. Gardner--AMCRD-J 

·washington D.C . 20315 

F-8 

Number of Copies 
1 

1 

1 

1 

1 

1 

i' ' 



US ARMY ADDRESSEES (cont.) 

Connnand i ng Ge eral 
US Army Avia t ion Command 
ATTN : AMSAV- EGGA 
12th & Spruce St . 
St . L is 9 Mo. 63102 

C mmand i. g General 
US Ar my Ma t eria l Command 
ATTN : AMCPM=MO 
Wa s._ing ton D.C . 20315 

Commanding General 
US Army Material Command 
Project Manager-Iroquois 
ATTN: AMCPM- IR 
Washington D. C. 20315 

Commandi ng General 
US Army Material Command 
Projec t Manager- C eyenne 
ATTN: AMCPM-AFS 
Washingt on D. C. 20315 

Commanding General 
US Army Aviation Command 
ATTN: AMC=PM 
12th & Spruce St. 
St . Louis 9 Mo . 631.02 

Commandi ng General 
US Army Aviation Command 
ATTN: AMCPM- LOR 
(Light Observation Helicopter) 
12th & Spr ce St . 
St. Lou :is ~ Mo . 63102 

Commanding General 
US Army Avia t ion Command 
ATTN : ACMPM (Heavy Lift 
Hel i copter Sys tem) 
12th & Spruce St , 
St , Louis 9 Mo . 63102 

F-9 

Number of Copies 

1 

1 

1 

1 

1 

1 

1 



US ARMY ADDRESSEES (cont.) 

Commanding General 
US Army Aviation Command 
ATTN: AMCPM~HA (Utility Tactical 
Tspt A1..rc r aft Systems) 
. 2th & Spruce St . 
St . Lou is ~ Mo. 63102 

US Arm Material Command 
h i f ~ Admi istra tive Office 

AT . ·,~. : AMCAD- S (Safety Div.) 
Washing t on D.C. 20315 

Commanding General 
US Army Material Command 
Development & Engineering 
ATTN: AMCRD -F (Air Mobility Ofc) 
Washington D. C. 20315 

Commanding General 
US Army Materia l Command 
Installations & Services 
ATTN: AMCIS-D (Explosive Ordnance 
Disposal Division) 
Washington D.C. 20315 

Commanding General 
US Army Material Command 
Dir . of Material Requirements 
ATTN: AMGMR- BF (Fixed Wing Br) 
Wa s hington D. C. 20315 

Commanding General 
US Army Material Command 
Dir . of Materia l Requirements 
ATTN: AMCMR- BR (Rotary Wing Br) 
Washington D. C. 20315 

Commanding General 
US Army Material Command 

.. Dir . of Material Requirements 
·· .aA TTN : AMCMR-· T (Tr oop Support Div . ) 

Wa shi ngton D.C . 20315 

I .. 

F-10 

Number of Copies 
1 

1 

1 

l 

1 

1 

1 



US ARMY ADDRESSEES (cont.) 

Commanding General 
US Army Material Command 
Dir. of Material Requirements 
ATTN: AMCMR~TA (Army Personnel 
Support Branch) 
Washington ~ D. C. 20315 

Commanding General 
US Army Material Command 
Operat ional Readiness Office 
ATTN: AMCOR~TM (Material Spt Br) 
Washington ~ D. C. 20315 

Commanding General 
US Army Material Command 
Operational Readiness Office 
ATTN ~ AMCOR~TS (Special Field 
Activities Branch) 
Washington ~ D. C. 20315 

Commanding General 
US Army Material Command 
Operational Readiness Office 
ATTN: AMCOR-TM (Material Spt Br) 
Washington, D. C. 20315 

The Surgeon General 
Department of the Army 
ATTN : MEDDH~M 
Medical R&D Command 
19th & Constitution Ave. 
Washington, D. C. 20315 

Commanding Officer 
US Army Aviation Command 
ATTN ~ AMSAV-D ~L (Aircraft Systems 
Life Support/Air Del Equip. Mgmt.) 
12th & Spruce St. 
St . Louis ~ Mo. 63102 

Commanding General 
US Army Material Command 
ATTN : AMCOR~TM (Mr. Micknick) 
Washington , D. C. 20315 

F-11 

Numbet of Copies 

1 

1 

1 

1 

1 

1 

1 



US NAVY ADDRESSEES 

S Na val Appl:ted Science Lab. 
Tech . Library Bldg . 291 
Code 9832 Na val Base 
Brooklyn~ N.Y . 11251 

Director 
Aerospac e Crew Equipment Dept . 
Na va l Air Engr . Center 
Wa rmin terj Pa . 1.8974 

US Nava l Research Lab. 
Code 6140 · 
Washington D.C . 20390 

Department of the Navy 
Speci al Pr ojects Office 
Washington D. C. 20360 

Library 
US Naval Supply Research & Development 
Facility 
Na val Supply Center 
Bayonne , N. J. 07002 

Naval Air Development Center 
ATTN: ACLE- P2 (Mr . Bellavin) 
Johnsv 'lle 
Warminster, Pa . 18974 

Mr . W. Ferguson 
Na a l Re search Lab. 
Technical Information Div. 
(for Code 6214) 
Washington D. C. 20370 

Corrnnander 
US Na a l Or dnance Test Station 
ATTN : Code 12 
China Lake ~ Calif. 935.57 

F-12 

Number of Copies 
1 

1 

1 

1 

1 

1 

1 



US NAVY ADDRESSEES (cont.) 

Mr. E. H. Wood 
Aerospace Engineer 
Bureau of Naval Weapons 
Fleet Readiness Representative 
NAS North Island 
San Diego ~ Calif. 92112 

US AIR FORCE ADDRESSEES 

Aerospace Medical Div. 
ATTN: Tee h. Library 
Brooks AFB 
Tex. 78235 

Aero Medical Div . 
ATTN: Tech. Library 
Brooks AFB 
Tex . 78235 

Headquarters 
US Air Force 
ATTN: AFRDDG 
Washi~gton D. C. 20330 

Commanding Officer 
USAF Tropical Survival School 
Albrook Air Force Base 
Canal Zone 

Director 
Air University Library 
ATTN: AUL3T-7575 
Maxwell Air Force Base 
Ala. 36112 

Commanding Officer 
Aeronautical Systems Div. 
Wright-Patterson AFB 
ATTN: ASWL 
Ohio 45433 

F-13 

Number of Copies 

1 

2 

1 

1 

1 

1 

1 



US AIR FORCE ADDRESSEES (cont.) 

Commandi ng Officer 
Aeronautical Systems Div . 
ATTN : ASNMC- 20 
Wright-Patterson AFB 
Ohio 45433 

Commander 
US Air Force Sc hool of 
Ae rospace Med ' ine 
ATTN : USAFSAM (SME) 
Brooks AFB~ San Antonio 
Tex . 78235 

Commander 
US Air For ce School of 
Aerospa ce Medicine 
ATTN : Maj. Bruce Chase 
USAFSAM (SMT) 
Brooks AFB, San Antonio 
Tex. 78235 

US MARINE CORPS ADDRESSEES 

Commandant of the Marine Corps 
Hea dquarters, Marine Corps 
CODE A04D 
Was hington D.C . 20380 

Directorj Development Center 
Ma rine Cor ps Development & Ed, Cmd . 
ATTN : Chief, Ground Combat Di.v , 
Quan tico , Va. 22134 

Director , Development Center 
Marine Corp s Development & Ed. Cmd . 
ATTN: LTC. H. L. Barrett , S&R Div. 
Quantico ~ a. 22134 

Director~ Development Center 
Marine orps Development & E;d . Cmd. 
AT : Chief , Combat Service Suppt . Div . 
Quant ico 1 Va. 22134 

F-14 

Number of Copies 

1 

1 

1 

1 

1 

1 

1 



• 

US MARINE CORPS ADDRESSEES (cont.) 

Commandant of the Marine Corps 
(Code A03H) 
Headquarters 7 US Marine Corps 
ATTN: Close Combat Office 
Washington D.C. 20380 

Commandant of the Marine Corps 
(Code AX) 
Headquarters, US Marine Corps 
ATTN: Col, J.P. McNeil 
Was hington D.C. 20380 

Commandant of the Marine Corps 
(Code AX4E5) 
Headquarters, US Marine Corps 
ATTN: LTC.T.P. Gray 
Washington D.C . 20380 

Marine Corps Supply Activity 
(Code 826) 
1100 So. Broad St. 
Philadelphia, Pa, 19146 

Marine Corps Liaison Office 
Naval Medical Field Research Lab. 
Camp Lejeune, N.C . 28542 

Commanding Officer 
Naval Medical Field .Research Lab. 
Camp Lejeune, N. C. 28542 

Commanding Officer 
Naval Medical Field Research Lab. 
ATTN: Personnel Protection Div. 
Camp Lejeune~ N.C . 28542 

OTHER FEDERAL ADDRESSEES 

NASA Scientific & Tech. Info. Facility 
ATTN: Aquisitions Br. (S-AK/DL) . 
P . O. Box 33 
College Park, Md. 20740 

F-15 

Number of Copies 
1 

1 

1 

1 

1 

1 

1 

1 



OTHER FEDERAL ADDRESSEES (cont.) 

Harry Di amond Laboratories 
Conn . Ave . & Van Ness St . 
Washington D. C. 

Techni a 1 Library 
USA CDC Inst i tute of Land Combat 
301 Taylor Drive 
Alexandria~ Va . 22314 

Cormnanding General 
US Army Material Command 
Sc i ence & Tech. Division 
R&D Dir ectorate 
ATT : AMCRD - TC 
Washington D. C. 20315 

Li brary 
School of Textiles 
North Ca r ol i na State Univ . 
P . O. Box 5006 
Raleigh , N.C , 27607 

Commander 
De fens e Personnel Support Center 
ATTN : Mr . Armond Pa ci 

US Anny NLABS Representat i ve 
2800 South 20th St . 
Phil adelphi a , Pa. 19101 

INTERNAL DISTRIBUTION 

Chief) Adv. Re~s. & Info . Ofc . 
NLABS (fo r. trans to Defense Doc. 
Ctr . ) 

Adv . Regs . & Info. Ofc . 
(fo r Reviewer ) 

Tech o Library, NLABS 

F-16 

Number of Copies 
1 

1 

1 

1 

1 

20 

3 

2 



• 

INTERNAL DISTRIBUTIO 

Marine Cor s Liaison Officer 
Technical Pla s Office~ NLABS 

USA NLABS Liai s on Office 
ASDL =8 (M:t>. Hogan ) 
Wrigh'c=Pa t t:er n AFB 
Ohio .5 33 

Aidr 'P' Engi n eer ing Lab . 

C&P Lab . 

Ear ·h Sci n ces Lab. 

Gener a l Eq:J.i pment & Packaging Lab . 

Pioneering Research Lab. 

US Army Research In s t itute 
of Envir onm ntal Medicine 

Officer=in~Charge 
Navy Clothing & Text ile Rsch . Uni t 
US~~-LABS 

F- 17 

Number of Copies 

3 

1 

1 

25 

1 

1 

2 

2 

1 



• 



• 

• 

v .... ...,~-- · , ..... - ............ -

SE> c cunty lassification 

DOCUMENT CONTROL DATA • R & D 
(Security c lassiflc otion of title, body ol abstrs<: t and Jndexin~ annots.tJon mu s t be entered when the overall report Is clasalfled) 

I. ORIGINATING ACTIVITY (Corporate author) 2e. REPORT SECURITY CLASSIFICATION 

IIT RESEARCH INSTITUXE UBCLASSIFIED 
CHICAGO, ILLINOIS 2b. GROUP 

3 . REPORT TITLE 

DESIGN, DEVELOFMEN'l' A:ND FAERICATION OF A PERSONNEL ARMOR LOAD 
PROFILE .ANALYZER 

4 . DESCRIPTIVE NOTES (Type of report and inclusive dates) 

li'i na 1 'Renort 
~ . AU THOR!S) (First name, middle initial, last name) 

F. Scribano, M. Burns and E. R. Barron 

e . REPORT DATE 7a. TOTAL NO. OF PAGES rb. NO. OF ;EFS 

Anril 1Q'70 u6 
Sa. CONTRACT OR GRA;r <J.i 6 8 D A. 7- 9-C-000 

Oa. ORIGINATOR• S REPORT NUM'BER(S) 

b. PROJECT NO . 1Fl64204Dl54 

c. Vb. OTHER REPORT NO(S) (Any other numbers that may be assll1fle!l 
thi • report) 

d. 70-65-CE (C&PLSEL-75) 
10. DISTRIBUTION STATEMENT 

This document has been approved for public release and sale; its distribution 
is unlimited. 

11 . SUPPLEMENTARY NOTES 12 . SPONSORING MILITARY ACTI VITY 

u. S. Army Natick Laboratories 
Batick, Massachusetts 

13 . ABSTRACT 

The purpose of this program was to design, develop, and fabricate an instrument 
which could locate and sense loads induced on the body of a person wearing protective 
armor, and to canpare suspensions and suggest improvements which could be incorporated 
i.Ji current or future load-carrying systems. 

The developnent of a "Personnel .Armor Load Profile Analyzer" saw the attainment 
of a method of sensing loads, the integration and positioning of sensors in a suitable 
garment, a method of displaying information, and the correlation of output data to 
torso sensitivity. 

It was found that armor suspension systems could effecti vel.y be evaluated using 
this instrument. Static and dynamic load patterns were displayed and the shift in 

The data obtained from the dis-these patterns with articulation could be observed. 
play could provide guidelines for improving su~sion system design by dete~g 
whether a particular suspension was effective in distributing loads on the optimum 
load-bearing areas of the torso. The progressive electrical contact sensor approach 
provided a d.:trect reading system with maximum reliability, ruggedness, and versatil-

the system did not require special signal conditioning equipnent. ity • In addition, 
The variable inductance sensor approach produced an analog sensor output converted 
to a digital display • 

DD ,'!~ .. 14 73 "K~LACIU DD ~D"M 1471. I .IAN .... WHICH 1• 
o•.OLR TK "0" A"MV u•a. 

(cont 1d) 

UBCLASIIFIED 
security Ctautncation 



Security Classification 

Evaluation 
Determination 
Positioning 

KEY WORDS 

Loads (forces) 
Measuring instruments 
Instruments 
lbdy armor 
Suspending (hanging) 
Development 
Design. 
Fabrication 

8 
8 
8 
9 

10 
lO 
4 
4 

LINK A LINK B 

ROLE 

4 
4 
4 
9 
9 
4 
4 
8 
8 
8 

WT 

LINK C 

ROLE WT 

Unclassj fi ed 
SeciU'ity Claaalfication 



r 

• 

UNCLASSIFIED 

13 • ABSTRACT ( cont' d) 

A review of the load-sensing and display techniques developed during 
the program and the supplementary work related to the selection of the 
final systems is provided. The results of an evaluation study of different 
suspension systems are presented and data presentation and interpretation 
are discussed. 



• 

-.. 



• 

.. 



• 

\ 


