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[57] ABSTRACT 

Test apparatus for determining the capability of a 
pilot, while suited, helmeted and restrained in an air¬ 
craft cockpit seat, to reach, grasp and manipulate a 
control knob located at various angular distances and 
knob heights above floor level. The apparatus consists 
basically in a seat and support therefor, a deck simu¬ 
lating the floor of the aircraft cockpit, and a knob- 
mounted vertical member having a series of vertically- 
aligned knobs located at preselected heights, and 
being quickly adjusted to preselected angular posi¬ 
tions. 

9 Claims, 6 Drawing Figures 
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PILOT ARMREACH AND COCKPIT CONTROL 
LOCATOR MACHINE 

BACKGROUND OF THE INVENTION 

This invention relates to an improved method and 
test apparatus for measuring the ability of a pilot, while 
strapped in an aircraft cockpit seat, to reach, grasp and 
satisfactorily operate various control knobs located on 
the instrument panel and at different positions within 
the cockpit. 

Many anthropological studies have been made to 
determine the facility with which man has been able to 
reach, grasp and actuate various controls. Such studies 
have proven useful generally in the design of aircraft 
cockpits and, in particular, for the location of various 
instruments, engine and aerodynamic controls. In this 
connection, however, there has been a dearth of 
published data involving the actual arm reach capabili¬ 
ty particularly on a satisfactory sample of personnel 
wearing and therefore being hampered by flight equip¬ 
ment in actual cockpit situations. This lack of such in¬ 
formation presents considerable difficulty to the air¬ 
craft designer who must add or substract selected in¬ 
crements from a minimum of available data in order to 
accommodate a suited, helmeted, harnessed and 
restricted pilot. Personal equipment adds still further to 
the design problem. 

In addition to the above-mentioned difficulties, the 
design problem is further made more complex as air¬ 
craft have grown much more complicated to further in¬ 
crease the bulk of the personal equipment to be more 
wom by the pilot. Thus, as the hostile world of high G 
forces was entered, initially, the G-suit and oxygen 
mask era ensued which, in tum, was followed by the 
current potential requirement for the "full-pressure 
suit piloted" aircraft systems. The use of such a full- 
pressure suit, obviously, greatly increases the gross area 
occupied by the wearer and also considerably reduces 
shoulder mobility and hand dexterity. 

Adding still further to the difficulties outlined above, 
is the fact that the pilot does not sit freely in the 
cockpit, but, in addition to being encumbered by his 
clothing, is placed under the additional restraint of the 
requirement of wearing a seat belt, a shoulder harness, 
a parachute harness and, for all flights over water, an 
underarm life preserver. Naturally, these items must be 
considered when collecting or applying arm reach data 
to cockpit design. 

The aforementioned arm reach data has now been 
obtained in a very reliable and yet unique and sim¬ 
plified manner by the use of the improved arm reach 
test apparatus and method of the present invention, 
which apparatus will be hereinafter disclosed in the fol¬ 
lowing summary and detailed description thereof. 

BRIEF SUMMARY OF THE INVENTION 

The present invention consists briefly in a novel pilot 
armreach capability-measuring apparatus including a 
main support frame having a deck plate representing 
the floor of a cockpit, an adjustably positioned seat, an 
overhead, horizontal member, and a knob-mounted 
member rotatably and slidably positioned on the over¬ 
head member for adjustment to various distances and 
angles from a test subject positioned in the seat. The 
knob-mounted member incorporates a series of rotat¬ 
ing knobs in vertical disposition thereon and at 
preselected heights above the deck plate. 

2 
Additional advantages, as well as certain objects of 

the invention will become readily apparent from the 
following disclosure thereof, taken in connection with 
the accompanying drawings; in which; 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1, 2 and 3 respectively represent top, side and 
back views of the improved armreach test apparatus of 
the present invention; 

FIG. 4 is a partly schematic and relatively enlarged 
view of the unique control knob-mounted member of 
the test apparatus of FIGS. 1-3; 

FIG. 5 is another, partly schematic and composite 
plan view, illustrative of a test subject, attired in 
lightweight flight coveralls with accessary equipment 
and shoulder harness unlocked, and while seated in the 
inventive test apparatus of FIGS. 1-3, shown reaching 
with his right hand to grasp and manipulate the lower¬ 
most rotary knob mounted on the knob-mounted 
member of FIG. 4, which member is further schemati¬ 
cally depicted as being located at various right-arm an¬ 
gular positions relative to the center line or 0° position; 
and 

FIG. 5a is still another, partly schematic and com¬ 
posite plan view, as in FIG. 5, illustrating the test sub¬ 
ject thereof reaching with his left hand to grasp and 
manipulate the lowermost rotary knob positioned on 
the inventive knob-mounted member, the latter again 
being further depicted in various angular positions rela¬ 
tive to the center line or 0° position. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring to FIGS. 1 to 3 of the drawings, it is clearly 
seen that the novel test apparatus of the present inven¬ 
tion, indicated generally at the reference numeral 10, 
consists principally of three main parts; namely, the 
supporting frame assembly at 11, the seat assembly at 
12, and the pilot arm reach capability-measuring as¬ 
sembly, indicated generally at 13. The supporting 
frame assembly 11 includes a base member portion or 
deck plate 14 that may represent the floor of an aircraft 
cockpit, a main, substantially upright supporting frame 
portion, indicated generally at 15, and consisting of a 
pair of parallel and spaced-apart, identical supporting 
frame members 15a and 15b (See FIG. 3) reinforced by 
cross-braces at 16 and 17, and a horizontally disposed 
overhead member-portion, indicated at 18, that is af¬ 
fixed at one end thereof to, and is thereby rigidly sup¬ 
ported by, the upper ends of the supporting frame 
members 15a, 15b. A pair of supporting beams, one of 
which is depicted at 19 in FIG. 2, may be utilized, as 
shown, between the frame members 15a and 15b, and 
the overhead member-portion 18 to provide reinforce¬ 
ment to the latter element. 

The aforementioned seat assembly 12 consists 
mainly of a seat pan 20 and a back rest 21 that may be 
adjustably supported on a pair of spaced-apart and 
parallel seat rails, one of which being depicted at 22 in 
FIG. 2, which seal rails, and therefore the back rest 21, 
extend upwardly at a 13° angle to the rear of the verti¬ 
cal, and between the deck plate 14 and the horizontal 
overhead member-portion 18. The aft 5.75 inches of 
the seat pan 20 is made horizontal and the forward sec¬ 
tion thereof is inclined upwardly at a 12.5° angle. In this 
regard, for the purpose of achieving the same standards 
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in testing a number of representative subjects while 
using the inventive test apparatus 10, a seat reference 
point (SRP), located at the intersection between the 
seat pan portion 20 and the seat back portion 21 is util¬ 
ized. This seat reference point is set at a nominal or 
neutral point of 8.5 inches above the deck plate 14. 
However, the seat pan 20 and therefore the SRP is 
made adjustable in height above the said deck plate 14 
for a total range of 5 inches or, in other words, from 
about 6-11 inches. For this purpose, the seat-adjust¬ 
ment means, indicated in partially schematic form at 
23, may be utilized. This adjustable feature of the seat 
assembly 12 is specifically provided to thereby set the 
eye level of each test subject at a common 39.5 inches 
above the deck plate 14, again, to ensure standardized 
test conditions. To this end, a seated, eye-height adjust¬ 
ment lever is provided, as shown at 24 in FIG. 2. The 
eye-height adjustment lever 24 is Fixed at the aforemen¬ 
tioned standard 39.5 inches above the deck plate 14 
and, for each test subject, the seat assembly 12 is ad¬ 
justable an appropriate distance upwardly or 
downwardly from the neutral 8.5 inch point, by means 
of the adjustment means at 23, until his eye level is 
directly aligned with the lever 24. As referred hereinbe¬ 
fore, this adjustment may extend up to 2.5 inches up or 
down from the neutral 8.5 inch point. The said adjust¬ 
ment lever 24 may be swingably or pivotally mounted, 
for example, by common hinge or other means (not 
shown) to the left supporting frame member 15a (FIG. 
3), for example, for positioning between the outer, eye- 
height-testing position of FIG. 2 and a retracted, out- 
of-the-way position, as desired. A simple scale (not 
shown) may be provided on one or the other seat-rail 
members, as at 22, or both, if desired, to indicate the 
exact vertical position required on each test subject to 
achieve the 39.5 inch eye height for future reference. 
Of course, as the eye height of each subject is adjusted 
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pair of identical, horizontal and parallel rail members 
at 26 and 27. The latter elements 26, 27 terminate at 
outer ends that may be interconnected by a second at¬ 
tachment means at 29. A pair of supporting brace 
members at 30 and 31 may also be rigidly attached at 
the inner ends thereof to the turn-table 25 by the at¬ 
tachment means at 30a and 31a, which may actually 
constitute upright supports, as seen at 30a in FIG. 2, for 
the said inner ends of said brace members 30 and 31. 
The latter elements 30, 31 substantially converge to, 
and terminate in, outer ends that may be rigidly at¬ 
tached to the previously referred to second attachment 
means 29 that also provides the attachment for the 
outer ends of the horizontal rail members 26 and 27, as 
has been previously explained. Said brace members 30 
and 31 may each be further bearing supported, as seen 
for example, at the bearing support means 32 for the 
member 30 in FIG. 2, for thereby providing very rigid 
and strong support to the rail members 26,27. 

Adjustably, or slidably, positioned on the above- 
described pair of horizontal rail members 30 and 31 is 
the unique and previously mentioned, vertical knob- 
mounted member, indicated generally at 33. For this 
purpose, the member 33 may be affixed at its upper end 
to, or within, a hollow-type, interconnecting, element 
at 34, the opening of which element 34 being con¬ 
structed with a suitable configuration so as to be 
preferably slidably mounted in substantially snug-fit 
and positive-supporting relation on the aforementioned 
pair of rail members 26 and 27, as is clearly visible in 
FIG. 1, for example. To the mid-point of the said 
slidably-mounted, interconnecting element 34 and in 
direct alignment with, and forming a natural vertical 
extension of, the longitudinal axis of the knob-mounted 
member 33 is a pointer or scale-indicator marker at 35, 
which market 35 indicates, on the main, arm reach- 
determining or measuring scaled elements at 36, the 

to the aforesaid 39.5 inches, the required upward or 40 exact distances at which a particular test subject, 
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downward movement of the seat assembly 12 on the 
seat rails 22 to achieve this result will naturally move 
the seat and seat reference point (SRP) backward or 
forward relative to the position of the principal or main 
knob-mounted, vertical member 33 of the previously 
referred to unique pilot arm reach capability-measur¬ 
ing assembly 13 to be hereinafter described in detail. 
To compensate for this difference in the initial, in¬ 
herent arm reach distance formed between the 
aforesaid knob-mounted member 33 and different test 50 
subjects, resulting from the preliminary requirement to 
adjust each to an eye level height of 39.5 inches above 
the deck plate 14, it is only necessary to adjust the posi¬ 
tion of the said knob-mounted member 33, relative to 
its scale, an amount forward or rearward equal to the 
forward or rearward movement of the seat reference 
point. The exact amount of the latter movement may 
be easily and automatically determined by the provi¬ 
sion of an appropriate scale (not shown) formed on one 
or the other of the seat rails, as at 22, as desired. 

The unique pilot arm reach capability-measuring as¬ 
sembly 13 of the present invention preferably consists 
of a turn-table 25 that may be mounted, as seen in 
FIGS. 1 and 2, to the top surface of the horizontal, 
overhead member-portion 18 adjacent the outer edge 
thereof. Rigidly affixed, as by the first attachment 
means at 28 (FIG. 1), may be respective inner ends of a 
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seated in the seat assembly 12 and strapped therein by 
both lap belt at 37 and shoulder straps at 38 (FIG. 2), is 
able to reach, grasp and manipulate various control 
knobs at various preselected angular positions, in the 
specific manner to be hereinafter further described in 
connection with FIGS. 4, 5 and 5a. 

Again referring to FIG. 2, another important feature 
of the present test apparatus resides in the provision of 
an overhead reach scale at 39, which scale 39 is 
mounted, as shown, to the bottom of the overhead 
member-portion 18 to extend horizontally, and in over¬ 
lapping and outward relation therefrom. An auxiliary, 
secondary or supplementary pilot arm reach-measur¬ 
ing, rotary knob at 40 may be adjustably mounted on 
the relatively short vertical and depending standard 
member 41. With the use of the aforesaid rotary knob 
40, the ability of each of the several test subjects em¬ 
ployed in the application of the present test apparatus 
10 to reach, grasp and actuate controls that may be in¬ 
stalled in the aircraft cockpit directly or substantially 
directly overhead may be quickly determined and 
recorded. To this end, the rotary knob 40 may be util¬ 
ized as a continuation of tests run on the main, or pri¬ 
mary, knob-mounted member 33 when the latter has 
been adjusted the maximum extent inwardly towards 
the subject to a position where it contacts, and is 
stopped by, the seat pan 20 (FIG. 2). To provide for the 
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measurement of the overhead arm reach-capability, of 
the said test subjects, the auxiliary knob-mounted, stan¬ 
dard member 41 may incorporate in its surface a total 
of three notches for respective engagement with, and 
thereby providing three positions of vertical adjustment 5 
to the rotary knob 40. Of course, horizontal adjustment 
of the member 40 may be provided by the means at 42 
which is slidably positioned on the scale 39. These 
three positions of adjustment are at the same heights as 
are the top three control knobs 7, 8 and 9 on the knob- 10 

mounted member 33. 
The aforementioned main or primary knob-mounted 

member 33 is shown in more detail in the schematic 
view of FIG. 4, as incorporating a plurality of rotary j 
knobs respectively indicated at the reference numerals 
1-9, inclusive, which knobs simulate controls that may 
be positioned on an aircraft instrument panel, or other¬ 
wise placed by the design engineer in the aircraft 
cockpit area for actuation by the pilot. The control 20 

knobs 1-9 may be vertically disposed relative to each 
other, at the varying heights indicated in the figure, 
beginning with the lowermost control knob No. I, at a 
height of 6 inches, to the uppermost control knob No. 9 
at a height of 63 inches. These heights are measured 25 
above the previously described deck plate 14 (FIG. 2). 

In applying the inventive test apparatus 10 to deter¬ 
mine the proper location of various instrument and air¬ 
craft controls to be placed in the cockpit of an aircraft 
of a particular design, the arm reach capabilities of a 30 
total of 17 subjects, all volunteer Air Force personnel, 
were tested and the data resulting therefrom recorded 
for future use by the aircraft design engineer. These 17 
test subjects were so selected as to be as nearly 
representative as possible of pilots of various sizes in ^ 
the U.S. Air Force. For this purpose, the Anthropology 
Branch of the Air Force's Aerospace Medical Labora¬ 
tory previously compiled two separate tables compris¬ 
ing a standard 12-size height-weight chart for use when 4Q 
the standard Air Force K2B lightweight flight coveralls 
are to be worn, and a standard eight-size height-weight 
chart to be utilized when the full-pressure suit is to be 
worn. The 12-size height-weight chart incorporates in¬ 
dividuals varying from the small-short size of between 45 

63-65.9 inches in height and 125-149 pounds, to the 
extra large-long size of between 73.5-76.5 inches in 
height and 200-224 pounds. The eight-size height- 
weight chart is directed to individuals varying from the 
small-regular size of between 63.0-67.5 inches in 50 
height and 125-149 pounds, to the extra large-long size 
of a height between 72.0-76.5 inches and a weight of 
200-224 pounds. 

Before summarizing representative examples of the 
test results obtained with use of the present test ap- 55 
paratus 10, it is well to note that the smallest man does 
not necessarily have the shortest arm reach, nor, con¬ 
versely, does the largest man necessarily have the 
greatest arm reach, In fact, of the first 15 knob posi¬ 
tions for which design criteria was found and recorded, 
the minimum reach was accomplished by one of the 
smaller subjects only four times and the maximum 
value was obtained by one of the biggest subjects only 
three times. Various reasons for this anomaly include, 
among others, relative ease of joint mobility, degree of 
muscular development, and relative amount of fat 
deposition. Therefore, the design criteria determined 

6 
during the present tests have not been based on the 
reaching capabilities of the smallest man but, instead, 
have been based on the shortest arm reach capability 
within the population of test subjects. Thus, the actual 
design values found and selected, would be the 
minimum values recorded within the entire sample, 
rounded off to the nearest inch. In this regard, where 
two or more subjects failed to reach, grasp and actuate 
a particular control knob, the placement of any control 
at that location would not be recommended. 

The test apparatus 10 has been utilized to test the 
arm reach capabilities of the previously-mentioned 
preselected 17 subjects in a series of substantially 
identical tests, during which each of the subjects 
selected was alternately clothed in lightweight flight 
coveralls, and the full-pressure suit, in addition to wear¬ 
ing certain accessary equipment. In an initial series of 
tests involving the wearing of the aforesaid lightweight 
flight coveralls, each test subject, such as that indicated 
at 43 in FIGS. 5 and 5a, is strapped in the seat assembly 
12 of the inventive test apparatus 10, after having 
donned a pair of light flying gloves, an underarm life 
preserver, and a back-type parachute harness. The sub¬ 
ject’s horizontal line of vision is then adjusted to a 
height of 39.5 inches above the deck plate 14 and, in 
this initial series of tests, his shoulder harness 38 is 
placed in its unlocked condition, allowing up to 12 

inches of relatively free travel at the discretion of the 
wearer. Thereafter, the test subject 43 attempts to 
reach, grasp and actuate the previously referred to con¬ 
trol knobs 1-9, inclusive, in the following sequence of 
reach procedure, established for the purpose of the 
present tests. Initially, the right arm and hand are used 
in an effort to reach, grasp and actuate the aforemen¬ 
tioned control knobs 1-9, with the knob-mounted 
member 33 being successively rotated to each of Five 
different locations, schematically depicted in FIG. 5 as 
position Nos. 1, 2, 3, 4 and 5. The latter positions are 
respectively at 90°, 60°, and 30° to the right of center, 
or 0° position No. 4, and at 30° to the left of center, the 
latter position constituting the right-arm cross-over 
position. To successfully actuate each control knob, it 
has been established that the latter must be turned 
through at least a 90° arc. Of course, the novel and yet 
simplified apparatus 10 of the present invention greatly 
facilitates the rest procedure, since the knob-mounted 
member 33 is quite easily rotated to the various 
preselected angular positions of 90°, 60°, 30° and 0° 
merely by the manual manipulation of the turn-table 25 
(FIG. 1) to which turn-table the said knob-mounted 
member 33 is mounted, as was previously explained in 
connection with FIGS. 1-3. 

The subject 43 continues the foregoing tests by 
further trying to reach, grasp and actuate, with his left 
arm and hand as seen in FIG. 5a, the same nine control 
knobs in each of four angular positions of adjustment of 
the knob-mounted member 33, which positions are 
again indicated respectively as being position Nos. 1, 2, 
3 and 4. The First three left-arm positions are, as in the 
case of the right-arm, respectively oriented at 90°, 60° 
and 34° to the left of center. The fourth, left-arm posi¬ 
tion, which is the cross-over position is at a 30° angle to 
the right of center. It is noted that, whereas Five posi¬ 
tions were utilized for the right-arm, only four positions 
were tested with the left arm, since the center or 0° 
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position (position No. 4 in FIG. S) may be utilized for 
either the right or left arm. In this instance, the right 
arm was chosen for the purpose of this series of tests. 

The same sequence of test procedure outlined above 
may then be continued on each of the 17 subjects, 
again with the lightweight flight coveralls being worn, 
but, this time with the shoulder harness in its locked 
condition. Finally, identical tests were conducted with 
each subject wearing a full-pressure suit worn both 
while uninflated and inflated and, once more, with the 
shoulder harness in both unlocked and locked condi¬ 
tions. In the first series of tests, with the subject wearing 
the lightweight flight coveralls and with his shoulder 
harness unlocked, at least 16 out of the 17 subjects suc¬ 
cessfully manipulated and, therefore, a design criteria 
was established for each of the right-arm positions Nos. 
1, 2, 3, 4 and 5, and for all nine rotary knobs in each of 
these positions, except for control knob 9, the upper¬ 
most knob, when the knob-mounted member 33 was 
rotated to position Nos. 1, 2, 3 and 4. In position No. S, 
all except control knobs 8 and 9 were successfully 
operated and a design criteria established therefor. A 
representative example of the type of design criteria 
found during the first series of tests, and which offers 
extremely valuable data to the design engineer, is as 
follows: 

“To manipulate with the RIGHT hand a rotary knob 
located 90° to the right of center and 6" above the 
deck the knob must be placed no further than 34'' 
from the XSRP.” 

For the left arm positions tested, a favorable design 
criteria was determined for all of position Nos. 1, 2, 3 
and 4, except for control knobs 8 and 9 at positions 
Nos. 1,3 and 4; control knob 9 at position No. 4; and, 
finally, control knobs 6 and 7 at position No. 4 (See 
FIG. 5a). As noted hereinbefore, no design criteria is 
recommended for the positioning of any controls at any 
position where at least two of the 17 subjects tested 
failed to reach, grasp and manipulate the pertinent con¬ 
trol knob involved. 

A final series of tests involving the present test ap¬ 
paratus 10 was concerned with each of the subjects 
under test wearing the full-pressure suit, as noted 
hereinbefore, that included the helmet, full-pressure 
gloves and accessary equipment, again, consisting of an 
underarm life preserver, and a back-type parachute 
harness. This series of tests were run with, initially, the 
full-pressure suit uninflated and the shoulder harness 
unlocked. Thereafter, several other series of tests were 
conducted with the shoulder harness locked and then 
with the full-pressure suit inflated to a pressure of 3.5 
psig, both with the shoulder harness unlocked and 
locked. The same sequence of reach procedure was fol¬ 
lowed, as described hereinbefore. As might be ex¬ 
pected, the arm reach capabilities with wearing of the 
more cumbersome full-pressure suit produced a design 
criteria that was somewhat reduced over that of the 
subject wearing the lightweight flight coveralls. For ex¬ 
ample, while in the position No. 1 of FIG. 5, a design 
criteria was established which permitted the placement 
of a control, at a height above the deck of 6 inches, a 
distance from the XSRP of no further than 34 inches, 
for a pilot wearing lightweight flight coveralls. In the 
same equivalent position No. 1, while wearing the full- 
pressure suit, uninflated and with shoulder harness un¬ 
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locked, this distance was reduced to 28 inches. This dif¬ 
ference in the arm reach capabilities between the rela¬ 
tively unencumbered, lightweight flight coveralls and 
the relatively bulky, full-pressure suit is particularly 
emphasized at both the lower and upper positioned 
control knobs and becomes less noticeable at the mid¬ 
dle-positioned control knobs. On the other hand, with 
the full-pressure suit inflated, the considerable addi¬ 
tional restrictive movement inherent therein becomes 
fairly noticeable from the test results showing for exam¬ 
ple, that 12 out of 17 subjects failed to reach, grasp 
and actuate control knob 1, which, as previously noted, 
is the lowermost knob at a 6 inch height above the deck 
plate 14, while the said knob was rotated to a 90° angle 
to the right of center. This condition prevailed, whether 
or not the shoulder harness was locked or unlocked, 
and, of course, no design criteria could be recom¬ 
mended therefor. A similar situation existed for every 
control knob, including control knobs 2, 3, 4, 5 and 6, 
at the above-referred to 90° right of center position No. 
1 and, therefore, it is obvious that no control could be 
recommended to be placed at this position for pilots 
wearing the full-pressure suit inflated, whether with or 
without shoulder harness in locked condition. It is 
noted that no values were recorded for control knobs 7, 
8 and 9 at the R90° position No. 1. 

At the right-arm position Nos. 2 and 3, i.e., at 60° 
and 30° to the right of center, again, for the inflated 
full-pressure suit, no design criteria was established for 
either control knob 1 or 2, either with the shoulder har¬ 
ness being in locked or unlocked position. A design 
criteria did prevail for control knobs 3,4 and 5 at these 
R60° and R30° positions Nos. 2 and 3. At control knob 
6, no design criteria was recommended for either con¬ 
dition of shoulder harness for both position Nos. 2 and 
3, and finally, at control knob 7 for position No. 2 only, 
with the shoulder harness unlocked, only two out of 17 
test subjects were able to actuate said knob. 

With the full-pressure suit inflated and the control 
knob-mounted member 33 in position No. 4 (FIG. 5), 
none of the 17 test subjects were able to manipulate 
either control knobs 1, 2 or 3, both with shoulder har¬ 
ness unlocked and locked. On the other hand, all or al¬ 
most all 17 subjects successfully actuated control 
knobs 4 and 5 at the 0° center or position No. 4. How¬ 
ever, practically none of the subjects were able to per¬ 
form the requisite actuation of control knob 6 at the 
said position No. 4. The same condition of failure also 
prevailed for the right arm crossover position No. 5 for 
control knobs 1, 2, 3, 4, 5 and 6. Again, for control 
knobs 7,8 and 9, no values were reached. 

For the tests of the left arm reach capabilities of each 
of the 17 subjects, while in the inflated full-pressure 
suit, no recommendation was made and therefore no 
design criteria was established for controls 1-6, inclu¬ 
sive, while positioned in the left-arm position No. 1. In 
addition, for position No. 2, considerably more than 
two of the test subjects failed to actuate either control 
knobs 1 or 2, regardless of whether or not the shoulder 
harness was locked. A design criteria was found for 
control knobs 3, 4 and 5, since all 17 subjects were suc¬ 
cessful in actuating these controls. Again, however, the 
contrary situation existed for control knob No. 6 for 
the L60 or 60° to the left of center position No. 2 (See 
FIG. 5u), as well as the control knobs 1 and 2 for posi- 
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tion No. 3, i.e., at 30° to the left of center. For control 
knobs 3, 4 and 5 in the aforesaid left arm-position No. 
3, a design criteria was found for each thereof per¬ 
mitting, for example, a knob to be placed no further 
than 25, 25 and 29 inches, respectively, from the 
XSRP, for the unlocked harness condition, and, again, 
at 25, 25 and 22 inches respectively, for the locked har¬ 
ness condition. For the remaining control knob 6, it 
was recommended that no control be placed at this lo¬ 
cation. Finally, at the left arm-crossover position No. 4, 
none of the 17 subjects tested were able to manipulate 
any of the controls being investigated. 

Thus, with use of the new and simplified test ap¬ 
paratus 10 of the present invention, the achievement of 
data, such as that given in the above examples, enables 
the aircraft cockpit-design engineer to more quickly 
and reliably determine the proper location of aircraft 
and instrument controls. In this regard, although the 
foregoing description has been made in specific con¬ 
nection with the pilot work place, the data obtainable 
by use of the present apparatus is equally applicable to, 
and useful for the layout of navigator, electronic war¬ 
fare officer, and/or all work places to be occupied by a 
similarly encumbered aircrewman during flight. 

We claim: 
1. In a test apparatus for determining the arm reach 

capabilities of a pilot or other aircrew member to actu¬ 
ate various instrument and aircraft controls; an aircraft 
cockpit-type seat for supporting in strapped and har¬ 
nessed relation therewithin each of a plurality of test 
subjects selected from a representative group of stan¬ 
dard aircrew sizes; main support means comprising a 
base member-deck plate portion representing the air¬ 
craft cockpit-floor, a substantially upright frame sup¬ 
port means portion supported on, and by said deck 
plate portion and mounting said seat at a predeter¬ 
mined height above the deck plate, and an overhead 
support means portion extending horizontally and in 
overlapping relation over and forwardly of, the seated 
test subject; and vertically disposed, rotary control 
knob-mounted means slidably mounted at its upper end 
portion to said overhead support means portion and ex¬ 
tending in depending relation therefrom to a position 
in, and forwardly of, the frontal plane of the test sub¬ 
ject, said knob-mounted means being further adjusta¬ 
ble to various angular positions in the said frontal plane 
to the right and left of the center line or 0s position. 

2. In a test apparatus as in claim 1, said aircraft 
cockpit-seat having adjustment means interconnected 
therewith for thereby positioning said seat at a 
predetermined height above the deck plate portion cor¬ 

10 
responding to a standard eye-height level above said 
deck plate portion for the specific subject under test. 

3. In a test apparatus as in claim 2, and an eye-height- 
adjustment lever fixed at the standard eye-height level 
and operably associated with said main support means 
for movement between an inoperative position and an 
operative, eye-height-measuring position adjacent to 
the seated test subject. 

4. In a test apparatus as in claim 1, wherein said over¬ 
head support means portion comprises a first, indirect, 
knob-mounted means-support member affixed to said 
substantially upright frame support means portion, and 
a second, direct, knob-mounted means-support 
member adjustably positioned to said first-named, sup¬ 
port member and further being directly interconnected 
with one end of said knob-mounted means. 

5. In a test apparatus as in claim 4, wherein said over¬ 
head support means portion further comprises a 
rotatably mounted element directly supported to said 
first support member and interconnected with, and ad¬ 
justably supporting said second support member in 
fixed relation thereto. 

6. In a test apparatus as in claim 5, wherein said 
rotatably mounted element comprises a turn-table sup¬ 
ported on the top surface of said first support member, 
and adjustable in relative rotation to preselected posi¬ 
tions thereon to thereby adjust the said knob-mounted 
means supported thereby to various angular positions. 

7. In a test apparatus as in claim 6, wherein said verti¬ 
cally disposed and knob-mounted means comprises a 
first, relatively elongated, knob-mounted member sup¬ 
ported by said second support member of said over¬ 
head support means portion, and having a plurality of 
rotary control knobs vertically disposed thereon at suc¬ 
cessively higher and predetermined heights above the 
deck plate portion. 

8. In a test apparatus as in claim 7, wherein said 
knob-mounted means further comprises a second, aux¬ 
iliary and relatively short, depending knob-mounted 
member slidably mounted to the first support member 
of said overhead support means portion at a location 
substantially directly over the seated test subject to 
thereby provide for the testing of the arm reach capa¬ 
bilities regarding control knobs positioned substantially 
directly overhead in the aircraft-cockpit. 

9. In a test apparatus as in claim 8, said relatively 
short, knob-mounted member incorporating at least 
one rotary control knob adapted to be adjustably 
mounted in a plurality of vertically oriented and 
preselected positions varying in height above the deck 
plate portion. 
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