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1
PRESSURE SUIT JOINT ANALYZER
DESCRIPTION

Origin of the Invention

The invention described herein was made by an em-
ployee of the United States Government and may be
manufactured and used by or for the Government, for
governmental purposes without the- payment of” any
royalties thereon or therefor.

TECHNICAL FIELD
The invention relates to a torsion testing analyzer and

more particularly to a‘'real time analyzer for continu-’
ously measuring torque and fléxure angle in a pressure-

suit joint when the _|omt is moved through 1ts ﬂexxon'
range. ‘

BACKGROUND .AR”IJ‘,

Pressure suits have long been used to protect divers in
pressure environments found beneath the sea. . With
man’s entry into the exploration of celestial space, it has
been found that pressure suits also have utility as pro-
tective garments in environments where the pressure is
much lower than that encountered beneath the sea.
Pressure suits utilized by aquanauts are commonly re-
ferred to as diving suits whereas the pressure suits em-
ployed by astronauts are frequently called space suits.
Pressure suit mobility is of utmost concern to the
wearer since a lack of mobility may seriously impair the
success of a mission. Pressure suit joints typically ex-
hibit torque. Even those having a neutrally stable zone
still have at least one torque-producing region. Conse-
quently, the motion of a pressure suit wearer is often
impaired due to the effects of all the joint torques.
Countering the torques may fatigue the wearer and
prevent the accomplishment of all the mission goals.

Devices for testing the bending characteristics of
items such as wires and metal strips are disclosed in U.S.
Pat. Nos. 1,745,634 and 2,049,235. U.S. Pat. No.
3,122,915 reveals a torsion testing machine adapted to

. determine the ductility and strength of a material by
twisting a sample of fixed size between one stationary
and one rotating jaw. A measurement device for an
excavator is disclosed in U.S. Pat. No. 4,044,610. With
the device, the excavator operator is able to measure the
current excavation depth and the overturning moment
developed on the excavator during the loadmg of the
shovel.

An attempt has been made to measure pressure suit
joint torques with a spring scale like those used by sport

fishermen to weigh fish. The spring scale was exterided.

as the Jomt was flexed. The scale was used to measure
the maximum force experienced and it performed this
measurement very inaccurately. D. G, Mountz Associ-
ates, Inc., San Jose, Calif. 95112, manufactures and sells
torque tools Their 1978-9 catalog includes a photo-
graph furnished by the inventors showmg a’ Mountz
torque transducer fastened to the end of a space suit
joint. Pressure suit joint torque is affected by internal
pressure, flexure angle and angular rate. To analyze the

performance of a pressure suit joint, it'is very desirable.

to know the torque vs flexure angle for'a given internal
pressure and a given angular rate.-A pressure suit Jomt
of the rolling convolute de51gn, such”as described in
U.S. Pat. No. 4,091,464, must be analyzed in'this fashion
as the joint torque becomes zero as‘soon as the joint is
static. At most, only force or torque data can be ob-
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tained by attaching a spring scale or a transducer to a
pressure suit joint. This; information is of very little
value unless it is interpreted correctly and associated
with accurate flexure angle data obtained dynamically.

It is therefore the general purpose of the instant in-
vention to provide an improved pressure suit joint ana-
lyzer which overcomes the aforementioned difficulties
and provides sufficient and accurate data to enable the
evaluation of a Jomt

Another object is to provide test apparatus whlch
simultaneously measures joint torque and flexure angle.

Still another object is to provide a test system adapted
to measure-torques in a rolhng convolute pressure suit
joint.

DISCLOSURE. OF THE INVENTION

In accordance with the present invention, an electri-
cal torque transducer is attached to the movable end of
a pressure suit joint under test and the other joint end is
held rigid. One end of a linear arm is connected to the
torque transducer and the other end of the arm fixedly
supports the body of a potentiometer to which a voltage
is applied. A reference arm with multiple parallelogram
sections has an end secured to a base and a movable end
that grips the wiper shaft of the potentiometer. As the
joint is flexed, the linear arm tends to follow the motion
and the wiper shaft of the potentiometer is rotated with
respect to the resistive element. Because of the parallel—
ograms in the reference arm, the potentiometer wiper
shaft is always gripped at a constant reference angle in
space. The amount of relative rotation between the
wiper shaft and the resistive element is thus identical to
the angular excursion of the joint as it is flexed, and the
voltage at the wiper electrode of the potentiometer is
always representative of the flexure angle of the joint.

The torque measured by the torque transducer is not
the joint torque. The electrical output of the transducer
is passed through a.compensation circuit which takes
into account component geometries and provides an
electrical output representative of the joint torque. The
torque and flexure angle signals are simultaneously
transmitted to readout means in real time. Utilizing the
subject invention a user could readily and objectively
evaluate a matrix of pressure suit configurations. Differ-

"ent bearing schemes could be compared and rolling

convolute joints could be compared with toroidal
joints, etc..

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a pressure suit joint
analyzer embodying the principles of the subject inven-
tion.

FIG. 2 is a force/torque dlagram of the joint under
test and two of the components attached thereto.

FIGS. 3 and 4 are typical torque vs angle graphs that
may be obtained with the instant invention. :

DETAILED DESCRIPTION OF THE
INVENTION |

Referrmg now to the drawings, FIG. 1 is a perspec-
tive view of the éntire pressure suit joint analyzer. Al-
though various joints may be tested in the analyzer, for
purposes of illustration, joint 11 represents a space suit
elbow joint of the rolling convolute variety disclosed in
U.S. Pat. No. 4,091,464, Spacesuit Mobility Joints, Hu-
bert C.-Vykukal. The proximal end of joint 11 is tempo-
rarily secured and sealed to upright wall 13 of support
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12 by a ring and screws 15. Support 12 further com-

prises a base 16 and another wall 17 which is disposed-

normal thereto. The distal end of the pressure suit joint
11 is sealed for the duration of the test by circular-
shaped plate 18 which:is fastened to joint 11 by screws
20 or other suitable means. If desired, a gasket or o-ring

may be utilized between plate 18 and joint 11 and an;.

other used under ring 14. The interior of pressure suit
joint 11 is pressurized by gas provided by gas supply 19.
When valve 21 is opened, gas is admitted to the interior
of space suit joint 11 via a two-stage gas regulator 22
and a gas line 23. The pressure in the gas line 23 and
joint 11 is controlled by rotating handle 24 clockwise or
counterclockwise. Gage 26 reads the pressure on the
input side of the regulator whereas gage 27 indicates the
regulator output pressure. One end of stem 28.is rigidly
secured to the center of plate 18. The opposite end of

the stem is attached to a yoke 29. A conventional torque

transducer 31 with an axis. of sensmvny 32 is mounted

within yoke 29. A rlgxd linear arm 33’ interconnects.
transducer 31 and potentnometer ‘holder 34. A single-

turn potentlometer 36 is secured within holder 34.

Transducer 31 is preferably a strain-gage type torque-

transducer havmg a flexure member with at least one
strain gage thereon. A voltage is supplied to the strain
gage by voltage source 38 and line 39. The ‘transducer
output on line 40 is a voltage derived from the flexed
strain gage which is proportional to the torque on arm
33 'about axis 32. The torque transducer may be, for
example, Model ETW-20A" manufactured by D. G.
Mountz’ Associates, Inc., San Jose, Calif. '95112.

The wiper shaft 37 of potentiometer 36 is intercon-
nected to reference arm 41 by pivotable grip 44. Wiper
shaft 37 is secured within eyelet 46 of the grip and the
eyelet is free fo rotate about pivot 47 of the grip. The
grip is mounted on end plate 48 of reference arm 41 that
has parallelogram sections ‘42 and 43. Parallelogram
section 43 includes pivotably interconnected members

48, 49, 50 and 51. Members 48 and 49 are of equal lengih-

and mémbers 50 and 51 are of equal length. Parallelo-
gram section 42 includés pivotably interconnected rigid
members 49; 52, 53 and ‘portion 54 of swivel base 56.

Members 52 and 53 are of equal length and the length of -

portion 54 is the same as the length of member 49. Piv-
ots 57 are:located at each corner of each parallelogram
section. Swivel base 56 is pivotally supported by brack-

ets 58 whichare secured to wall 17. Af rest, stem 28 and -

arm 33 have substantlally coincident longitudinal axes.
The longitudinal axis of stem 28 is normal to plate 18.
When pressure suit joint 11 is flexed, the longitudinal
axis of arm 33 attempts to remain: substantially perpen-
dicular to plate 18. The preferred way of flexing joint 11

—

0

20

25

40-

45

50

is to move potentiometer wiper 37 along arcuate path

61. The pivots in brackets 58 and pivots 57 in parallelo-
gram sections 42, 43 permit reference-arm 41 to follow

the motion of-arm 33 when joint 11 is flexed. In the
reference arm 41, members-52 and 53 are always paral-

lel, members 50 and 51 are always parallel, and plate 48
is always parallel to the surface of portion 54 of swivel
base 56. Likewise, the pivot axis of brackets 58 always
remains parallel to the pivot axis of pivot 47 in grip 44.

A voltage from source 63 is apphed to the full resis-
tive element.of potentiometer 36 via line 62. The volt-
age developed between :the potentiometer wiper
contact and one end of the potentiometer resistive ele-

ment is fed to readout means 66 vid line 64. The voltage -

is proportional to angle a, the angle subtended by the
pivot axis of pivot 47-and the longitudinal axis. of arm
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33. Inasmuch as the pivot axis of pivot 47 always re-
mains parallel to fixed wall 17, one side of angle a al-
ways maintains a fixed angular disposition in space irre-
spective of the position of reference arm 41. Thus, the
voltage applied to readout 66 is representative of the
flexure angle of pressure suit joint 11. Angle readout 66
may be, for example, a meter; a tape recorder or a pen
graph recorder.

FIG. 2 is a force/torque diagram’ of the joint under
test and two of the elements attached thereto. Point 71
represents the pivot of the space suit joint under test
whereas points 72 and: 73 represent the locations of the
torque transducer 31 and potentiometer 36, respec-
tively. The distance between point 71 and point 72 is L,
and the distance between points 72 and 73 is L,. The
total distance between the pressure suit joint 11 and the
situs of the potentiometer is L. The force on potentiom-
eter 36 is Fy and the force on the joint pivot is F2. The
torque on the joint plvot is T2 whereas the torque mea-
sured by transducer 31 is T1. Therefore,

2Fy~—F|—F2—7 )
A =F
2Fx=0
T\=FiL,
3 = /L,
2=l';|L
Ti=FiL,
T3=FL

Ty=(Lo+LDF

(Lo+L1)F/\
F/hLo
Lo+ Ly

Ly

. Inasmuch as the torque measured by the transducer 31

is not the actual torque of the pressure suit joint 11, the
output. of transducer 31 is fed to compensatlon or scal-

_ing circuif 67 wherein the measured torque is multiplied
by the constant (14-(L1)/(Lo). Circuit 67 could be, for

example, an -operational amplifier with a gain of
(L+(L1)/(Lo). The output of compensation circuit 67 is
fed to, readout means 69 which indicates torque T3, the
torque.on the pressure suit joint as. it is flexed. Torque
readout 69 may be, for example, a meter or one channel

. of a tape recorder or a pen graph recorder. Elements 66,

65

67 and 69 could be a computer with an 1/O plotter that
d:rectly plots the data in a graph’ format (torque on the

-y axis and-flexure angle on the x axis).

FIGS. 3 and 4 depict torque vs angle graphs utilizing
the instant mventlon Torque is plotted on the ordinate

_ and flexure angle 1s represented on the abscissa for three



4,311,055

5

different joint pressures. FIG. 3 shows the torque vs
angle measurements of a rolling convolute elbow joint
of the type described in U.S. Pat. No. 4,091,464 whereas
FIG. 4 depicts the torque/angle measurements of a
rolling convolute shoulder joint described in the same
patent.

We claim:

1. Apparatus adapted for simultaneously measuring
torque and flexure angle of a pressure suit joint during
the state of flexure while one joint end is fixed and the
other is moved, said apparatus comprising;

transducer means attached to the movable end of said

joint for generating a torque signal T1;

means attached to said transducer means for generat-

5

ing a voltage representative of the flexure angle of 15

said joint; and

means electrically coupled to said transducer means
for converting said signal T} to a torque signal T,
representative of said joint torque.

2. Apparatus as described in claim 1 wherein means
are included for reading out said voltage representative
of said flexure angle and said torque signal T>.

" 3. Apparatus as set forth in claim 2 wherein said gen-
erating means comprises a potentiometer with a voltage
source across its resistive element, means for maintain-
ing the wiper shaft of said potentiometer at a fixed angle
in spaced irrespective of the motion of said potentiome-
ter when said joint is flexed, whereby the voltage pro-
duced at the wiper electrode of said potentiometer is
representative of the joint flexure angle.

4. Apparatus as set forth in claim 3 wherein said shaft
maintaining means includes a pivotable reference arm
having two parallelogram sections and one end of said
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6
reference arm is secured to said potentiometer wiper
shaft.

5. Apparatus adapted for simultaneously measuring
torque and flexure angle of a pressure suit joint during
the state of flexure while one joint end is fixed and the
other is moved, said apparatus comprising;

a torque transducer attached to the movable end of
said joint and generating a signal representative of -
torque T;

a potentiometer;

arm means for connecting said potentiometer to said
transducer;

means for gripping the wiper shaft of said potentiom-
eter and maintaining it at a fixed angle in space
while said potentiometer is moved;

means for applying a voltage to said potentiometer;

means for extracting a voltage from said potentiome-
ter representative of the flexure angle of said joint;

an angle readout coupled to said extracting means;

means for scaling said signal Ty by (14+(L1)/(L,) to
produce a signal T, representative of the joint
torque wherein L is the distance between the pivot
of said joint and the axis of sensitivity of said trans-
ducer, and L, is the distance between said trans-
ducer axis of senmsitivity and said potentiometer;
and

a torque readout for receiving said signal T».

6. Apparatus as set forth in claim 5 wherein said shaft
gripping means includes a pivotable reference arm hav-
ing two parallelogram sections and one end of said
reference arm is attached to said potentiometer wiper
shaft.
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