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Proj mmar

The overall objective of this contract was to explore feasibility of designing
an advanced laboratory prototype of a three-fingered exoskeletal glove controller
for dexterous robotic hands featuring force, position, and tactile feedback at
each finger. Task 1 consisted of evaluating the performance capabilities of the
3-DOF Phase-| prototype finger controller, and refining the torque and angle
sensors. Task 2 concerned the design of a new glove controller utilizing the
advancements achieved during the previous task. Task 3 dealt with further
development and enhancement of the associated tactile telepresence system for
the fingertips.

Task 1 was successfully accomplished, and resulted in the delivery of an
upgraded single-finger master system, associated single-joint slave, and a tactile
telepresence system for a single fingertip. Task 2 efforts produced a CAD
design for the thumb joint, and gave encouragement to the conclusion that the
general concept of using virtual joints for the glove controller was feasible.
However, limitations of the available in-house design tools and difficulties re-
designing the torque sensor prevented completion of the glove design and its
subsequent fabrication. Task 3 efforts resulted in the fabrication of three tactile
display driver modules, but not of an entire tactile telepresence system.
Additionally, the feasibility of creating new smaller microtaxels and a flexible
substrate for the fingertip tactile display was demonstrated.

Potential commercial applications of this research includes space-based
construction and maintenance, underwater salvage or mining, remote surgery,
cleanroom operations in the electronic, biological, and pharmaceutical industries,
hazardous waste handling and site cleanup, high-fidelity aircraft and other
vehicle simulators, and games involving virtual reality themes.
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1. INTRODUCTION

The overall objective of this contract was to explore feasibility of designing
an advanced laboratory prototype of a three-fingered exoskeletal glove controller
for dexterous robotic hands featuring force, position, and tactile feedback at
each finger. Task 1 consisted of evaluating the performance capabilities of the
3-DOF Phase-| prototype finger controller, and refining the torque and angle
sensors. Task 2 concerned the design of a new glove controller utilizing the
advancements achieved during the previous task. Task 3 dealt with further
development and enhancement of the associated tactile telepresence system for
the fingertips.

Task 1 was successfully accomplished, and resulted in the delivery of an
upgraded single-finger master system, associated single-joint slave, and a tactile
telepresence system for a single fingertip. Task 2 efforts produced a CAD
design for the thumb joint, and gave encouragement to the conclusion that the
general concept of using virtual joints for the glove controller was feasible.
However, limitations of the available in-house design tools and difficulties re-
designing the torque sensor prevented completion of the glove design and its
subsequent fabrication. Task 3 efforts resulted in the fabrication of three tactile
display driver modules, but not of an entire tactile telepresence system.
Additionally, the feasibility of creating new smaller microtaxels and a flexible
substrate for the fingertip tactile display was demonstrated.

The work under Tasks 1, 2 and 3 are described in Sections 2, 3, and 4,
respectively. Section 5 describes the conclusions regarding the overall technical
feasibility of the project, where it was concluded that the general concept of
using virtual joints for the glove controller was feasible though implementation
would require additional effort supported by better CAD design tools for
successful completion. Finally, Section 6 describes in detail the steps required
to complete the project in the future.



RADE ASE | PROTOTYP

The objective of Task 1 was to complete the fabrication of the single-
finger prototype initiated during Phase |, and to evaluate its capabilities and
performance with a single-joint slave finger and mechanical master/slave
manipulator system. The main elements of this task are listed below:

e Design and fabricate an improved, miniature, optical joint-
angle encoder,

e Pursue further refinements of the optical joint-torque
sensor,

¢ Install advanced versions of the joint-angle and torque
sensors on the spherical joint associated with the master
knuckle and distal joint of the slave finger,

e Refinement of the torque and joint-angle sensor
conditioning boards, and fabrication of sufficient new
boards to accommodate the sensor needs associated
with the master and slave mechanisms,

o Fabrication of a duplicate motor driver board for the slave
finger, and

¢ Implement simple, hardware-based methods by which to
control the master controller and slave motors, including
master/slave control algorithms, if possible.

The upgraded system after the above modifications and improvements is
shown in Figure 1. The following sections describe in detail the work that was
performed.
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FIGURE 1: Upgraded Phase-| finger controller prototype (front-right), single-
joint slave finger (front-left), and 37-taxel tactile telepresence system (sensor

and display are attached to slave and master fingers, respectively). (Photo.
GC110595A-17)



2.1 Angle Sensor

Unlike conventional joints, the virtual joint utilized in the master controller
is without a physical center to which an angle encoder might be attached.
Instead, an indirect method of angle determination was utilized in which the
encoder was mounted on the idler gear that transmitted power from the worm to
the joint slider gear. The required characteristics of the encoder were that it be
small, have a high noise immunity (due to the local presence of PWM motor
drive lines), and offer an analog output over a 300° rotation range. No off-the-
shelf commercial units meeting all these requirements were available, so an
optical device was designed using IRAD funds and subsequently fabricated
during the Phase I. The principle of operation relied on the attenuation of a
photoelectric signal by a circumferentially-graded optical filter disk. The Phase-ll
goal with regard to this sensor was to improve and stabilize the design so as to
make available a standardized encoder unit for the entire master glove controller
mechanism.

Photographs of the first encoder are shown in Figures 2.5-1 and 2.5-2 of
the Phase-| Final Report. The body consisted of two identical brass halves held
together with small 0-80 Allen cap screws at each of the four corners. The
photoemitter and photodetector were mounted with epoxy adhesive on opposite
sides of the filter wheel. Identical photoswitch units (Marktech MTRS-9080) were
used in both cases, though the orientation reversed so as to couple the emitter
of one unit with the detector of the other. The filter disk was fabricated by trial-
and-error by taking a B&W photograph of a slowly-rotating, wedge-shaped
electroluminescent panel whose intensity was linearly varied according to its
angular position. After development and drying, the filter disk was cut directly
from the film strip and attached with adhesive to the encoder hub. This unit
performed well, but was not considered adequately compact, easy to fabricate,
nor did it utilize the photoelectric devices efficiently.

After several design iterations, a new angle sensor was designed which
utilized a single photoswitch unit (Marktech MTRS-3080) mounted on the edge
of a circular encoder body. The unidirectional transmission mode of operation
was retained, as it was much less sensitive to changes in surface reflection
caused by variations in the filter wheel position or orientation. Photographs and
mechanical drawings of the new angle encoder are shown in Figure 2 - 9.
Instead of the “straight-through” light path utilized in the first version, integral
reflectors machined into the body halves were used to direct the light from the
emitter, through the encoder filter wheel, and then reflected again to the
detector. This enabled the use of only a single photoswitch package, and
simplified assembly as the photoswitch package could be pre-assembled onto its
mount prior to snapping the components together. The primary assembly
problem encountered was application of the adhesive (Loctite 324), as care was
required to avoid migration of adhesive to the internal components.



EIGURE 2: Phase-ll optical angle encoder mounted atop the main knuckle joint
of the finger controller, and used to measure lateral finger position. (Photo.
GC110595A-26)



EIGURE 3: Top: disassembled optical angle encoder showing the filter wheel
(center), two body halves, and sensor module (left) (Photo. GC160891-22.)
Bottom: Sensor undergoing repair illustrating the filter wheel, filter wheel slot,
and emitter/detector holes in sensor mount (Photo. GC080595A-06).
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EIGURE 4: Cross-section of optical angle sensor illustrating the folded optical

path from the emitter, reflection through the filter wheel, and reflection back to
the detector. (Dwg. GC230791-01)
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EIGURE 6: Shop drawing of body half no. 1 for the optical angle sensor. (Dwg.
GC091291-01 by JAS using ANVIL, all dimensions in inches.)
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A representative unconditioned output signal from the angle sensor is
shown in Figure 10, and is seen to be monotonic but non-linear over the range of
0-300°. Of particular note was the relatively low output (1.5V) with respect to the
Phase-| version (3-4V), and was presumed to be caused by additional light
losses over the significantly longer light path. No effort was expended on this
program to develop the sensor beyond this point, but directions for future
development of the optical angle sensor are presented in Section 6.
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EIGURE 10: Representative unconditioned output signal from the Phase-li
optical angle sensor at several LED emitter drive currents is observed to be
monotonic but non-linear over the range 0-300°. (Graph 300991.G1)
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2 For n

In addition to advancing the development of the optical angle encoder
described, another objective of the Phase-Il work was to pursue further
refinements of the optical joint-torque sensor. As illustrated in Figures 2.6-1, -2,
and -3 of the Phase-| Final Report, the torque at a virtual joint was measured by
a cantilever attached to the main joint slider. In order to avoid some of the well-
known problems with strain gage instrumentation (e.g., low signal level and
attendant high noise susceptibility), the Marktech MTRS-3080 optical switch was
again utilized, but in the displacement sensing mode so as to measure the
relative movement of the cantilever relative to the main joint slider. This
approach resulted in a very sensitive bend sensor (1um resolution) with a raw
signal output of volits, rather than millivolt levels from strain gages. A further
advantage was obtained in that the identical signal conditioning electronics could
be used for all sensing needs regarding the glove controller (e.g., angle and
torque), thereby reducing development and fabrication costs significantly.

In evaluating the Phase-| torque sensor design, several shortcomings
were noted. The first problem related to the problem of sensor drift during use,
and was determined to be caused by the photographic paper target gradually
breaking free of the underlying substrate. This was presumably caused by
flexure of the cantilever, and was addressed by studying various targets, e.g.,
white photographic paper (standard), anodized aluminum, milled aluminum, and
sanded aluminum surfaces. The most stable results were achieved by filing a
milled aluminum surface, then unidirectionally sanding with 220 grit paper.

Another difficulty was encountered pertained to the maintenance of
sensor calibration during assembly/disassembly operations. The opto-
displacement sensor was mounted on the main slider and the reflector located
on the cantilever, so any slight movement or slippage at the screw fastener
holding the cantilever to the slider would result in a significant change the sensor
output. Similarly, calibration established prior to a disassembly/assembly
operation could not be maintained as the cantilever base did not seat into the
slider base the same way each time. This behavior was partially addressed in
Phase-| by mounting the sensor on a miniature bridge whose elevation could be
adjusted with a fine screw to bring the sensor back into calibration. The
situation, however, was still inconvenient and not suited for long-term stable use.

This problem was more fully addressed in Phase-Il by designing a
cantilever structure that included both the torque sensor and reflector target, as
illustrated in Figure 11 and 12. The sensor is shown mounted on a support
beam, which in turn is attached to the base that was screwed to the main slider.
In this manner, the cantilever could be calibrated once at the time of
manufacture and then attached to the main slider without need of further
adjustment. A typical response curve is shown in Figure 13.

14



FIGURE 11: Modular torque-sensing cantilever developed during Phase-Il.
Both the displacement-sensing optoswitch and the reflector target were
incorporated into a single structural element in such a manner that bolt-down
forces did not affect the calibration of the torque-sensing cantilever. (Photo.
GC160595A-01)
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The last problem regarding the Phase-| torque sensor was not uncovered
until late in the Phase-Il program. The sensor was found to be inaccurate and
only measured torque on virtual joint when the applied force vector was normal
to the cantilever. In other cases it was not possible to accurately infer torque
from applied forces, and in some situations gave completely erroneous results,
e.g., a force vector applied at the tip of the cantilever and directed through the
axis of the virtual joint resulted in a non-zero sensor output, rather than zero.

This problem was not overcome in this Phase-Il study. Various
approaches to address this problem are described in a later section concerning
the design of a Phase-Il glove controller mechanism, and involve measurement
of the torque at the virtual joint by directly instrumenting the slider drive gear with
an optical displacement sensor, or by reliance on the measurement of biaxial
strain (utilizing strain gages) in a cantilever.

ignal nditioning Boar

Use of a common transduction element (i.e., Marktech MTRS-9080
optoswitch) for the joint angle and torque sensors enabled the design and use of
a single signal conditioning circuit such as that shown in Figure 2.5.3 of the
Phase-I| final report. This original circuit only provided for gain (span) and zero
offset adjustments, and one objective of Task 1 was to refine the circuit and add
sensor and board temperature compensation. If performance of the circuit
proved satisfactory, the final step was to fabricate the circuit using PCB
technology.

Photographs of the sensor signal conditioner boards developed during
Phase-Il are shown in Figure 14, and detailed block diagrams, circuit and layout
drawings presented in Appendix A. Temperature compensation of both the
sensor and signal conditioning boards was considered an important problem, as
the variation in signal output due to temperature was measured to be
approximately 0.5 to 1.0%FS/°C (i.e., a 10°C temperature change would modify
the output by 5-10% FS). The Phase-Il design reduced the variation in output to
less than 0.2%FS over a 25°C temperature change at the sensor, as illustrated
in Figure 15.

18
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FIGURE 14: Sensor signal conditioning boards for master (top) and slave
(bottom) fingers. (Photos: GC080595A-16 and -14)
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The initial approach to sensor temperature compensation was to utilize a
thermistor to generate an appropriate offset voltage for both the sensor and the
signal conditioning board. This was found to be feasible only for the board but
not for the sensor, as no thermistor was found with a response curve that
adequately matched that of the sensor. Further investigation revealed that
essentially all sensor temperature sensitivity resided in the LED emitter, and the
approach eventually selected was to simply drive the LED at a constant current
and use the LED voltage drop (inverted and appropriately scaled) as a
compensation signal. This approach was successful in reducing signal variation
to less than 1%FS over the expected range of sensor operation (15-30°C).
However, two additional wires were required to monitor the LED voltage drop,
which increased the number of sensor leads from 4 to 6.

Despite the addition of various improvements in terms of board size
reduction and temperature compensation over the Phase | signal conditioning
boards, several significant problems remained or were uncovered during
evaluation of the Phase-Il boards:

e Sensor drift was significant during board warm-up (e.g.,
first 5-10 minutes). This was problem was not addressed
in hardware, and prevented achievement of stable or
predictable system recovery from a power-loss event.

¢ Significant time and effort was required to calibrate the
signal conditioning boards (typically several days) due to
the need for placing the sensor and the board individually
in @ oven for temperature ramping during calibration.
(See Appendix B for full listing of calibration procedure.)

It was concluded that, in general, the Phase-Il signal conditioning boards
were not satisfactory from a practical-use standpoint, and that other approaches
to signal conditioning should be pursued, e.g., utilizing an A/D card and
performing all capture, conditioning, calibration, and processing (including
linearization) with a microprocessor. For this reason, PCB-versions of the signal
conditioning boards to replace the wirewrapped versions were not created on
this Phase-Il program.

2.4 Motor Driver Boards

The motors on the Phase-I controller finger could be driven in two modes,
analog power (+12VDC) or bipolar PWM. Photographs and electrical schematics
of the master and slave motor driver circuits are shown in Figures 16 to 18,
respectively. Conversion from analog to PWM mode of motor drive is
accomplished by moving the jumper on header J1 (Figure 15).
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2.5 M/S System Evaluation

A photograph and functional block diagram of the updated single-finger
glove controller system is shown in Figures 19 and 20. The original Phase-|
Master/Slave Hand Interface enclosure was modified to include several
potentiometers for manual control of all four motors (i.e., 3 on the master finger,
and 1 on the slave joint), and the control and sensor signals explicitly isolated
and labeled on the protoboard area. Photographs of these modifications are
shown in Figure 21. Additionally, the sensor signal conditioning boards and
motor control boards were mounted within a separate enclosure, as shown in
Figure 22. The specific procedure for operating the master and slave finger is
detailed in Appendix C.

The signal conditioning boards developed on this program did not address
the issue of sensor linearization, and therefore it was not possible to directly
implement any master/slave control algorithms on the prototyping area of the
master/slave interface module. Instead, only two simple motor control modes
were evaluated, these being direct control of each motor by a £5VDC signal, and
local feedback of the torque sensor signal to its corresponding motor to allow
joint motion in response to forces applied to the fingers. The specific electrical
connections to implement these modes of control are described in Appendix C,
and were used to evaluate the behavior of the glove finger controller and slave
joint.

During evaluation of the system under the local torque-sensor feedback
mode, it was observed that significant torque sensor drift existed, and that
periodic adjustments to the zero-point were required. This was especially
noticeable when the system was first turned on, and 10-20 minutes were
required to achieve a period of adequate stability lasting several minutes.

Little distinction was noticeable between the different motor drive modes.
The PWM motor drive mode seemed to run a little smoother compared to the
analog drive, and the joints seemed a little easier to unbind when inadvertently
over-driven into their mechanical stops.

25



FIGURE 19: Updated Phase-ll single-finger controller system showing master
finger (right), single-jointed slave finger (left), master/slave hand interface (top),
and sensor signal conditioning boards (bottom). (Photo. GC110595A-09)
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EIGURE 21: Modifications to the prototyping area of the master/slave interface
include explicit identification of active motor control and sensor output leads, and

the addition of potentiometers for manual motor control. (Photos. GCO80595A-
24 and -27)
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EIGURE 22: All signal conditioning and motor drive boards were mounted
within a single enclosure. (Photos. GC080595A-18 and -22)
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3. DESIGN of ADVANCED GLOVE CONTROLLER

The starting point in designing the Phase-II controller mechanism was the
Phase-I finger prototype. As shown in Figure 23, the Phase-I controller utilized a
virtual joint mechanism created through the use of a goniometer arrangement in
which the slider was constrained to move in an arc about a virtual axis. The
principal difficulties or incompletely-addressed design issues associated with the
Phase-I design were:

1. Binding of the slider when subjected to lateral loads
2. Inaccurate joint torque sensor

3. Inappropriate mating of worm and spur gearing (via the
idler gear)

4. Highly-loaded slider bearing support screws

5. Inadequate control of axial backlash in the worm drive
shaft

6. Electrical and pneumatic cable routing was not addressed
(cables were splayed over the top of the mechanism for
convenience)

7. Electrical connectors were too large and were of the non-
latching type.

8. Inadequate support may exist for the idler wormgear
shatft.

The redesign process for the Phase-ll glove controlier began with the 2-
DOF thumb joint, as it posed the greatest number of design challenges, e.g.,
limited space over the wrist available to accommodate joint mechanism,
maximum number of electrical and pneumatic cables requiring routing, and
highest density of mechanical elements required to implement the 2-DOF joint.
The level to which an jntegrated design was advanced during the Phase-I| effort
is shown in Figures 24 to 27, and detailed CAD drawings of the individual
components are presented in Appendix D.

In summary, the Phase-I| effort did achieve a fully-workable design of a 2-
DOF virtual thumb joint, and succeeded only in addressing Phase-| problems 1
and 2 listed above. The remainder of this section will describe the design effort
in greater detail, and also indicate progress made to resolve the other problems.
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EIGURE 23: Internal arrangement of components within the virtual joint. Worm-
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about a virtual axis corresponding to the finger knuckle axis. (Dwg
IR_VH_03.GCD)
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EIGURE 24: Composite CAD drawing representing the final state of the
integrated design for the Phase-I| glove controller thumb joint. Enlargements of

these views are shown in the next three figures, and details of the components

shown in Appendix D. (Dwg. GLOVE005.GCD)
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EIGURE 25: Front view enlargement (2X) of thumb joint design for Phase-l

glove controller mechanism. (Dwg. GLOVE005.GCD)

33



TOP VIEW

FIGURE 26: Top view enlargement (2X) of thumb joint design for Phase-I|
glove controller mechanism. (Dwg. GLOVE005.GCD)
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EIGURE 27: Right view enlargement (2X) of thumb joint design for Phase-I|
glove controller mechanism. (Dwg. GLOVE005.GCD)
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The Phase-ll thumb design as reflected in Figures 24 to 27 was arrived at
by concentrating on the following objectives; (1) achieve the requisite 25mm
standoff between the body of the joint (i.e. the interface between skin and metal)
and the effective rotation point of the thumb; (2) insure the motor or other
structural components do not collide with the wrist when the joint is fully open,
and; (3) minimize or eliminate binding of the slider due to lateral forces exerted
on the joint.

Due to the relationship between the slider radius of motion and the chord
length of the slider (which is, in turn, governed by the link length of the thumb), a
compromise was required to achieve a 25mm standoff, and consisted of the
need to accept an angular thumb joint range of approximately 45°. Additionally,
as may be seen be comparing the location of the Phase-| lateral drive motor with
that indicated in Figures 24, the drive motor for the vertical axis (associated with
DOF number 2) above the thumb joint had to be moved forward to achieve the
desired 45° angular motion without colliding with the user's wrist.

One avenue that was explored early in the Phase-Il effort was the
feasibility of utilizing RC servo motors for lateral motion actuation: see Figure
28. The advantage of such an approach was that these units were small and
produce high torques over a +40° range, thereby significantly simplifying the
drivetrain design task. However, a detailed analysis (via virtual CAD prototyping)
indicated that the units were too large and poorly-proportioned to fit into the
structure required of the thumb joint. Additionally, the backlash was also
considered excessive, and the RC servos were therefore abandoned in favor of
the previously-utilized MicroMo motors and integral gear reduction heads.

Several approaches were considered regarding the elimination of slider
binding caused by application of lateral forces on the joint: Figure 29 illustrates
several concepts. The ball-bearing support concept simply expands upon the
Phase-| approach by the placement of several smaller bearing in the side plates
to provide direct lateral support of the slider (note that the bearing depicted in
this figure represent actual commercially-available devices). Additionally, the
Phase-| problem of highly-loaded bearing support screws was somewhat
addressed by utilizing a larger main bearing and thus a larger bearing support
screw.

In contrast, the V-roller concept utilizes a single main bearing to provide
slide support in both load directions. However, the advantage of mechanical
simplification was offset by the need to strengthen the sideplates to support not
only the side loads but also a significant vector component of the normal load
transmitted to the plates by the V-bearing configuration. It was for the latter
reason that the V-roller concept was dropped, and a variant of the ball-bearing
support concept was selected, as illustrated in Figure 30.
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EIGURE 28: Early attemps to utilize hi-torque RC servo motors revealed that
they were too large and poorly-adaptable to the space constrains imposed by
the knuckle and thumb joints, and had unacceptably large backlash. (Dwg.
GLOVE003.GCD)
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FIGURE 29: Several advanced slider support concepts designed to eliminate
binding of the slider under lateral loads on the joint. The ball-bearing support
concept expanded upon the original Phase-| design by the inclusion of lateral
support bearings in the sideplates. In contrast, the V-roller concept performed
the same function with only two V-bearings. (Dwg. GLOVE002.GCD)
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above the main bearing and within the slider. (Dwg. GLOVE0Q07.GCD)
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Up to this point, the binding problem was addresses as though it were
independent of other issues, and further modifications were found to be
necessary when it was determined that the existing torque sensor design (i.e., a
single deflection sensor mounted on the interfinger links, as shown in Figures 12
and 23) was inadequate. It was found to produce erroneous resuits whenever a
significant component of the applied force vector was directed towards the virtual
rotational axis. This was determined to be an inherent problem associated with
the cantilever design instrumented by a single strain sensor, and an effort was
then undertaken to revolve it. At this point, work on the binding problem was
postponed, and an effort to design a true torque sensor assigned a higher
priority.

One approach taken is illustrated in Figure 31, and involved segmenting
the slider drive gear shell into a static outer border attached firmly to the slider
body and an inner gear rib floating on an supporting web. Thus, a single optical
displacement sensor mounted at a suitable location would be sensitive only to
gear rib displacement created by applied torques or forces regardless of their
vector orientation. This approach had the significant advantage of requiring little
or no modifications to the bearing system previously described.

Other bearing support approaches were also simultaneously considered
and developed. For example, an alternative solution to the binding problem was
considered by mounting the main bearing on a post attached to the sideplate
(rather than to the slider), and utilizing another miniature bearing mounted
perpendicularly to but at the end of the main bearing mounting post. This
approach is illustrated in Figure 32, which shows a small prototype of this
“bearings on a post” approach. The advantages of this approach were relative
mechanical simplicity and compactness. However, the approach involved the
use of an extremely highly-stressed element (i.e., the post) attached to a
relatively thin plate (i.e. the sideplate). This was judged to be prone to failure
and requiring high-strength alloys to implement effectively {(e.g., tool steel, or
titanium).

Another method of measuring the torque were also explored. Instead of
utilizing a webbed shell gear to measure torque, a standard spur gear was
modified by machining radial webs, as illustrated in Figure 33. The primary
advantage of this approach was mechanical simplicity, as a standard
commercially-available gear could be used as the basis for this component.
However, significant effort would be required to modify other joint components
such as the slider and bearing system to accommodate the new gear design.
For this reason, this approach was not implemented, but was retained as a
backup option should the shell gear approach prove unfeasible.

40



10X CB 2.38DIA 110DP [20°END

152DIA° THRU
/ 1.50mm FROM OUTER EDGE

©

@

sms
T ]

|-* 9.00mm —-1

T Ty L
| Ul |

©

R 55.00mm

R 56.16mm

52.50mm

VIRTUAL /\XIS\

EIGURE 31: Alternative approach to sensing finger joint torque by measuring
the displacement of a web-supported gear rib (note optoswitch sensor at left end

of structure). (Dwg. GLOVE023.GCD)
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EIGURE 32: Alternative bearing arrangement for addressing binding under
lateral loads involved mounting the main bearing on a post and locating a
smaller lateral support bearing in the center of the post and oriented
perpendicularly to the main bearing axis. (Photo. GC060793R1-19)
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EIGURE 33: Prototype demonstrating an alternative method of measuring
torque at a virtual joint by installing a radial web in a standard spur gear and

detecting the tangential gear rib displacement relative to the core by an optical
displacement sensor. (Photo. GC150595A-10)
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Not all problems recognized in the Phase-| work were adequately
addressed. For example, it was recognized that mating of the worm gear idler
with the slider spur gear was not standard gear design practice. However, space
constrains were particularly critical in this area, especially with the introduction of
an integral torque sensor within the slider. Future development efforts should
strive to remove this problem by considering approaches such as: reducing the
thickness of the shaft encoder and placing it in a different location; using an
offset spur idler gear coupled to the worm gear.



N \' E ILE TELEPRESEN YST

4.1 Introduction

A photograph of the original Phase-| Tactile Telepresence System (TTS)
may be seen in Figure 4.1-2 of the Final Report for Phase |, or in Figure 1 of this
report. It consisted of a 37-taxel tactile sensor, associated hardware-based
signal processing unit, a 48-channel pneumatic driver, and a 37-element
fingertip-shaped tactile display with taxels distributed in the same manner as
taxels in the sensor. Processing speed was the principal reason for
implementing the signal acquisition, calibration, and processing function in
hardware, as all data channels were read and processed in parallel which
avoided the inherent bottleneck experienced with single-processor “software”
approaches. During the course of system evaluation during Phase-| and Phase-
Il, the following problems or disadvantages of the Phase-I TTS implementation
were noted:

e Lack of modularity in construction made both the tactile
sensor and tactile display extremely susceptible to
complete incapacitation from a variety of sources, e.g.,
the tactile sensor could suffer optical fiber breakage, or
the tactile display suffer from crushed or severed
pneumatic tubing. Both the sensor and display and their
corresponding signal processor and driver were
fabricated as monolithic units, and once damage occurred
anywhere in the system there was little option but to
undertake a major rebuilding process.

o Significant sensor drift occurred over a relatively short
time (e.g., 5-10 minutes), thus requiring constant
readjustment of the baseline tactile sensor light level
intensity to re-zero the TTS output.

¢ The sensor calibration process was manual (e.g.,
involving the adjustment of pots), and was very slow.
Additionally, presence of significant drift previously
mentioned made it virtually impossible to initially adjust all
sensors to have the same zero or baseline point (i.e., a
point below which no TTS activity occurs). As a result,
satisfactory calibration could never be achieved.
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e The rigid tactile display substrate was effective in allowing
the use of the TTS by a wide variety of user finger sizes,
but, in general, the lack of a good circumferential fit about
the finger of most users resulted in data voids and no
data conveyance to those portions of the finger not in
contact with the display.

The objective of this Phase-I| effort was to address these problems, and to
advance the state of development of the Tactile Telepresence System.
Specifically, the following areas were to be explored:

* Increase the ease of use, reliability (i.e., ease of repair),
and compactness of the TTS,

¢ Increase the tactile sensor and display element number
from 37 to approximately 48,

e Remove the calibration and drift problem by performing
data acquisition, calibration and processing functions
under microprocessor control,

e Design and fabricate three advanced tactile display
drivers (e.g., manifold arrays) capable of accommodating
up to 48 taxels each, and containing advanced PWM
controller circuitry fabricated using PCB technology and
capable of being mounted directly within the driver
module enclosures.

A block diagram representing a three-module TTS is shown in Figure 34,
each module containing a 41-taxel fingertip-shaped tactile sensor and display
subsystem. The image processing and display control function would be
performed by a 486-class PC processor. The section below describe the work
that was performed toward developing such a TTS system, and the level of
accomplishment at the close of this program.
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Tactile Sensor Developmen

A general list was assembled regarding the improvements desired over
the Phase-I| tactile sensor, and was driven by the desire to increase the
ruggedness of the device and reduce the fabrication and repair cost/time:

e Modularize elements of tactile sensor to enable rapid
repair, e.g., cables, cover, illuminator, base structure,
waveguide element, pressure transduction sheet or
interface, and fiberoptic input array.

e Use of a standard baseplate on the back of the sensor
enabling attachment of the sensor to various robotic
hands or slave devices by mean of readily-exchangeable
mounting stubs.

e Utilize an internal light source to energize the sensor,
rather than an external fiberoptic illuminator and
associated FO cable.

o Connectorized, off-the-shelf, fiberoptic image cable (and
iluminator cable, if used) to reduce fabrication costs and
permit simpler repair.

e Add taxel position indicators on the cover of the sensor.

¢ Design the sensor to enable ready interfacing to a
general purpose pressure cell for rapidly calibrating the
tactile sensor.

The current state of the Phase-Il tactile sensor design is shown in Figures
35 and 36 (detail drawings of the individual components are presented in
Appendix E), and may be contrasted to the monolithic Phase-I tactile sensor
shown in Figure 37. The Phase-Il sensor design is modular and consists of
five main components: cover, image fiber connector, waveguide, core, and
input fiber assembly. This approach is expected to significantly improve
sensor maintenance, reliability, and cost, as only a few screws need to be
removed to assemble or replace all major sensor components (in contrast, no
such disassembly was possible with the monolithic Phase-| sensor).
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EIGURE 35: Partial prototype of a 41-taxel, fingertip-shaped tactile sensor
developed during this Phase-Il program. The completed unit would consist of
five modular elements: cover, image fiber connector, core (with integral

backplate), waveguide, and input fiber array (shown without cover or image fiber
connector). (Photo. GS150595B-16)
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FIGURE 36: Composite drawing of the Phase-Il tactile sensor design. The
sensor consists of five modular elements (cover, image fiber connector,
waveguide, core, and input fiber assembly) that significantly increase reliability
and repairability and decrease assembly cost and time. (Dwg.
TSEN2001.GCD)
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developed in the Phase-I feasibility study.
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At present, only the core, fiber input array, and waveguide have been
fabricated, as shown in Figures 38 to 42. The central structure to which all
components of the sensor are attached was the core (Figure 39). The back
plate of the core contains an octagonal array of mounting holes which can
accommodate a wide variety of attachment interfaces to fingers of robotic hands,
e.g., Salisbury Hand (this may be contrasted to the Phase-| sensor in which the
finger attachment mount required specification prior to fabrication, and was
thereafter fixed and unchangeable). Additionally, the fiber optic image cable
connector and fiber input array are attached to the front of the core via a single
screw. The waveguide is then slipped on and held in place by the cover (the
latter has not yet been developed, nor the means of its attachment established).

The function of the fiber input array (Figure 40) is to gather light from the
taxel areas of the cover for conveyance out to the video camera for data capture.
This was accomplished by creating a fiberoptic reducer with an arboreal shape in
which individual fibers that gather signals at each taxel area are grouped
together in a single bundie at the exit point under the image fiber cable
connector. The distribution of fibers on the outer surface of the fiber input array
and the fiber bundle at the connector is shown in Figure 41.

The waveguide (Figure 42) was fabricated from the tip of a polycarbonate
centrifuge tube, and all edges covered with aluminized Mylar to minimize edge-
light losses. One important change in the Phase-Il sensor was the use of an
internal light source to illuminate the waveguide. This offered the significant
advantage of eliminating one of two fiberoptic cables attached to the sensor,
thereby improving sensor flexibility and ruggedness. However, in the absence of
a sensor cover, this approach was not evaluated for thermal heat loading effects
such as melting or significant softening of the plastic materials used in
construction of this sensor. Another important addition to the Phase-Il sensor
was the inclusion of extra optical fibers (see Figure 41) to monitor the
illumination level on a non-active portion of the waveguide surface, thereby
allowing for automatic adjustment of the sensor baseline (zero) point.

Initial plans to fabricate a sensor cover were disrupted when it was
discovered that the waveguide dimensions were highly non-uniform. A detailed
evaluation of the waveguide revealed the presence of an undesirable
longitudinal taper, variable wall thickness around the circumference, and
significant dimensional variation from one centrifuge tube to another. As a well-
defined waveguide structure was required for proper mating of the pressure
transducer embedded in the cover and the waveguide, cover development was
put on hold until other sources of suitable waveguides could be located, e.g.,
custom fabrication by injection molding or casting.
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EIGURE 38: Three modular components of the Phase-l tactile sensor. From
left-to-right are the core, input fiber array, and waveguide. Not shown are the
cover and image fiber connector. (Photo. GC150595B-26)
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EIGURE 39: Core module of Phase-Il tactile sensor is the structural support for
the other modules, and has a backplate to which custom finger-mounting
adapters may be attached. [Photos. GC150595B-24 (top) and -22 (bottom)]
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FIGURE 40: Fiberinput array module of Phase-Il tactile sensor captures light
from the pressure transduction areas on the waveguide (taxels) and transmits
the data to the video camera via fiberoptic bundle (protruding cylindrical
structure). Block at right contains reference fibers. (Photo. GC150595B-18)
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EIGURE 41: Top: Back-illumination reveals the locations of the sensor fibers
on the surface of the input fiber array. (Photo: GC150595B-02). Bottom:
Forward-illumination reveals location of sensor fibers at output end of the input
fiber array (note small dots within circular opening of core, whereas large dots
are reference fibers). (Photo: GC150595B-06)
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EIGURE 42: Waveguide module for Phase-ll tactile sensor. Reflective Mylar
film has been applied at all edges to minimize light losses through those
locations. (Photo: GC150595B-08)
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Current ideas regarding the cover design are shown in Figure 36 and
Appendix E, and include such features as a rigid interior shell holding the taxel
elements. The latter would be made of a suitable colored material (e.g., white
silicone rubber), thereby creating the needed transduction surface texture and
color at the waveguide (in contrast, a separate transduction membrane was
utilized in the Phase-| sensor) and providing an externally-visible indicator of
taxel location (the latter feature was an especially notable omission from the
Phase-| sensor). Encouraging results for this approach were obtained in several
studies performed regarding bonding of differently-colored silicones to one
another (e.g., white to black silicone) and adhesion of silicones to aluminum.

The uniformity of the tactile signals was examined utilizing a white
polyethylene sheet as the pressure transduction membrane, and it was observed
that in some cases the signal level varied by factors of 50 or 100 over the full
area covered by the tactile sensing surface. This variation was reduced to
factors of 3 to 6 by repositioning the internal light sources, but additional
development work is still needed to create a more uniform illumination pattern
within the waveguide.

At present, the sensor development has not been completed, and
additional work still needs to be done in the following areas:

e Develop a viable means of combining the pressure
transduction membrane with a cover. One possible
approach involves the use of a thin, perforated aluminum
shell filled with colored silicone elastomer.

e Verify that an internal light source will provide adequate
illumination without melting or seriously degrading the
polycarbonate waveguide or other plastic components.

o Optimize the geometry of the waveguide and locations of
the internal light sources to create a more uniform light
distribution pattern at each taxel.

e Locate a commercial source of coherent optical fiber
cable for transmission of the tactile image data to the video
camera.

o Fabricate or locate a waveguide that involves less
dimensional variability than presently obtainable. Explore
the option of custom injection molded or cast waveguides to
much higher dimensional tolerances.
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3 Tactile Displ

The Phase-| tactile display (see Figure 1) consisted of 37 pneumatic
taxels mounted in a hard polycarbonate shell and distributed in a uniform density
about a fingertip (the device is described in greater detail in Section 4.3 of the
Phase-| final report). Though effective, numerous problems have been identified
with the original design:

1. Relatively low operating pressure (200kPa) resulted in
lower taxel stimulation levels compared to results
obtained on other systems that utilized higher pressures
(700kPa).

2. Evacuation of the taxels was not used to improve taxel
response rate and stimulation effectiveness.

3. Rigid taxel substrate prevented full contact of the display
array with an inserted fingertip.

4. Fabrication of latex taxels was time consuming and labor
intensive.

5. Short pneumatic cable length (approximately 1.5 meter)
limited the maneuverability of the display.

6. Insufficient flexibility of the pneumatic tube cable.

The first two deficiencies were addressed by utilizing an advanced display
driver design that incorporated the use of high-pressure valves (700kPa/100psi
operating pressure) and a vacuum exhaust system, as described in the following
section. Some work was also performed with regard to Item (3) and the creation
of a flexible taxel substrate to permit conformance and full-contact of the display
with the skin of the fingertip at all times and to accommodate a wide range of
operator’s finger sizes. Feasibility of the general concept was provided by an
inactive tactile display prototype based on a flexible latex substrate, and is
shown in Figure 43. It was significantly thinner and less bulky than the Phase-|
display, and could readily accommodate a wide variety of finger sizes while
maintaining good contact between all taxels and the skin.
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FIGURE 43: Top: Inactive tactile display prototype with 41 dummy taxels
embedded in a flexible latex substrate (Photo. GC170595A-08). Bottom: The
flexible tactile display is much smaller and easily conformable to a wide variety of

finger size, as compared to the larger and inflexible Phase-| device (Photo.
GC160595A-16).



Additionally, Item (4) was addressed by beginning the development of
new taxels. After considering various options, the most promising approach
consisted of attaching a flexible membrane (such as a silicone sheet) to a rigid
taxel body by means of a suitable adhesive (e.g., silicone gel). The target
dimensions of the new microtaxel were 1.5mm thick x 2.5mm diameter. This
approach was pursued only to the extent of fabricating the hard taxel bodies and
attachment of the pneumatic tubing to the bodies, as shown in Figure 44.
Though all development was not completed, the feasibility of this general
approach to fabricating microtaxels seemed good.

At this stage of the tactile display development, the issue of cable routing
throughout the glove controller was reconsidered. The original approach was to
bundle the electrical and pneumatic cables and route then “over the top” of the
glove controller mechanism. Though obviously workable, a neater approach
was sought in which all wires and tubes would be gathered into a ribbon format
and routed in a rectangular cable duct positioned between the operator’s fingers
and the controller mechanism. To test the concept, a small prototype was
fabricated which consisted of two rectangular channels into which were placed
two pneumatic ribbon cables containing twenty-five 30AWG Kynar tubes
sandwiched by several electrical ribbon cables: see Figure 45. The cable
assembly was mounted with adhesive on the controller finger and given a
preliminary evaluation. The main positive observations were that the approach
was very neat and compact compared to the “over the top” cabling approach,
and for the most part the ribbons slid over one another with no binding.
However, the disadvantages or problems noted were:

¢ At high joint bend-angles it was observed that the outer
ribbon cable had difficulty pushing back into the cable
channel. It was expected that refinement of the cable
material, selection of suitable lubricants on the cable or
channel, and design of the channel entrance area would
all contribute to solution of this “feeding” problem.

e The ribbon cable adds significant standoff distance
between finger and controller, thereby requiring a
lengthening of the virtual joint radius and a consequential
shortening of the angular travel range (for a fixed finger
segment length).

e The design/prototyping loop may be greatly lengthened
by the need to utilize custom ribbon cables.
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EIGURE 44: Prototype of a polycarbonate microtaxel body (1.5mm thick x
2.5mm diameter) attached to a 30AWG Kynar tube (Photo. GC170595A-02).
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FIGURE 45: Prototype cabling scheme utilizing ribbons. Two pneumatic
ribbon cables containing twenty-five 30AWG Kynar tubes were sandwiched

between Kapton electrical ribbon, and the entire assembly routed through two
rectangular channels. (Photo. 160595A-26)
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e A very significant controller redesign effort must be
undertaken to accommodate cables being routed “down”
rather than “up” through the glove controller mechanism.
Additionally, space must be provided on the mounting pad
(on the back of the hand) to accommodate differentially-
moving ribbons as they emerge from the finger channels.

e Connectorization of the tactile display may be required to
allow system assembly and repair (at least one end of the
ribbon cable must be unterminated to allow for insertion
of the ribbon into the cable channels). This is considered
to be a very difficult problem.

4.4 Tactile Display Drivers

The fabricated tactile display drivers were patterned on the units produced
in Phase-| of contract NAS9-18704 (“Tactile Display of Whole Arm
Manipulators”), each driver utilizing an pneumatic valve manifold containing 48
valves and an external controller card. The design of the valve module was
finalized early in the program, so three drivers were fabricated to facilitate
development of the tactile display and other elements of the system.
Photographs of the driver module are shown in Figure 46, and the detailed
mechanical drawings required for fabrication presented in Appendix F.

In a later stage of the program, an opportunity arose to take advantage of
the development of an advanced PCB PWM controller circuit that was
miniaturized to the degree that it could be mounted within the driver enclosure.
A photograph of this PCB is shown in Figure 47, and the electrical schematics
and mechanical drawings related to the PCB are presented in Appendix G (a
drawing of the original wire-wrapped, external version may be found at the end
of Appendix G). The advantage of this approach was that all external PWM
control cards, their associated enclosure, and cables could be eliminated,
allowing a simple direct connection between the D/A card in the PC controller
and the driver module: see Figure 48.

It should be emphasized that, at present, the new PWM boards have not
been installed in the valve modules. Additional work is needed to accomplish
this, and involves machining a new front panel for each of the valve driver
modules (see Figure 49) and re-terminating the valve leads into a single 64-pin
IDC connector. The appearance of the completed driver modules will then
resemble the 64-valve unit shown in Figure 50.



EIGURE 46: One of three driver modules fabricated for this program. Each
module can drive up to 48 taxels in a PWM mode. Top and bottom connectors
are the vacuum and pressure ports, respectively. This version does not have
the PWM control electronics on-board, but rather relies on an external board for
that function. [Photos: GC060793R1-03 (top), and -07 (bottom)]

65



EIGURE 47: PCB-version of the 64-channel PWM controller and driver for the
tactile display valve modules. SMT technology allowed reducing the board size
by a factor of approximately 6 over the original wirewrapped design. DB-9

connector at lower-right is for +24V power and the PWM oscillator. (Photo.
GC160595A-08)



FIGURE 48: Utilization of the PCB-version of the PWM valve driver allow a
direct connection between the D/A card (mounted in the PC) and the valve
module. (Photo. GC170595A-18)
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FIGURE 49: Modified front enclosure plate required to mount the new PCB-
version of PWM controller card within the valve enclosure. (Dwg.
TDRV3110.GCD)
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EIGURE 50: Appearance of the 48-channel glove controller driver modules
after modification of the front plate and installation of PCB-version of PWM

controller board will look similar to the above 64 channel driver. (Photo.
GC170595A-16)
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5 PC-B Tactile Data Pr [

A 486DX-50 industrial rackmount PC, video acquisition card, and CCD
camera were acquired for this project. However, the computer system was not
assembled nor the software implemented as other higher-priority tasks
encountered difficulty, e.g., glove controller mechanism design, tactile sensor,
and tactile display.

The functions the system was intended to perform included tactile data
acquisition, signal conditioning, and calibration. The tactile sensor interface to
the video system would allow for the attachment of multiple sensors (e.g., from
one to ten) to the video camera by means of a special fiberoptic adapter. The
software for tactile sensor data processing was to be based on code previously
developed in-house under both commercial and government R&D programs. [n
general, it would allow for data acquisition from the video camera by means of a
frame grabber card, and then process the data by correcting for the baseline
illumination intensity and linearizing the response of each taxel. In addition,
some form of automatic or rapid sensor calibration was to be implemented.

The issue of sensor calibration (and real-time recalibration) was an
important one, and was given additional consideration. The Phase-| sensor was
manually calibrated by applying various loads through an elastomeric pad to
each taxel and adjusting the gain and zero offset potentiometers for each
channel. This was a laborious process, and not convenient to implement in an
R&D or other application. Various methods of automating the calibration
procedure for the Phase-Il sensor were therefore considered, the most
appealing of which was simply to evacuate the inside of the sensor cover. If the
vacuum tube were attached permanently (or placed nearby at a calibration
station), then the sensor could be recalibrated almost in real-time by simply
pulling various levels of vacuum and readjusting the appropriate gains and
baselines under microprocessor control. However, despite the advantages of
the approach, it was concluded that a vacuum alone (0-100kPa) could not
provide the full range of pressure differentials required to fully linearize each
taxel response (0-700kPa), and that the technical difficulties of creating a
vacuum-tight and modular tactile sensor were significant and should wait until a
first-generation modular prototype was created and tested.

An alternative approach involving the creation of a pressure cell into
which each sensor could be placed (or pushed up against) was also considered,
as this approach had been tried with other tactile sensors (but not the Phase-I
unit) with good results. It was much faster than manual probing, and a 128-
element tactile sensor device could be calibrated in approximately 15-20
minutes. However, this method relies of the tactile sensor having a smooth
cylindrical geometry along its full length, so a simple O-ring sufficed to seal the
sensor into the pressure cell. It was expected that a similar approach could be
used for this Phase-ll tactile sensor, though no specific designs for the pressure
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cell were made. However, the eventual need to interface with the calibration cell
was maintained as an input factor in the design of the new tactile sensor and its
modules.

5, CONCLUSIONS REGARDING TECHNICAL FEASIBILITY

Glove Controller:

The feasibility of the basic concept of the virtual joint was established in
Phase-| and re-confirmed in Phase-1l. However, the feasibility of integrating
other elements of a complete glove controller (e.g., tactile display, joint torque
sensing, and cable routing) into an exoskeleton with a virtual joint structure was
not successfully demonstrated in this program. Significant technical difficulties
regarding such elements as the complexity of the mechanism, the inaccurate
torque sensor, and cable routing problems overloaded the existing 2D CAD
design tools used at the inception of this project, thereby preventing their timely
and cost effective solution within the original budget and time constraints of this
contract. It is believed that with adequate design tools, a more realistic
development schedule, and the experience derived from work that a glove
controller based on the virtual joint can eventually be built.

Fingertip Tactile S _

Good progress was made on the redesign of the tactile sensor into a
more rugged, better performing, and more easily serviceable device. Failure to
complete the redevelopment efforts was not considered an indication regarding
the lack of feasibility, but was simply a consequence of the need to concentrate
development effort on a high priority aspect of the program - the glove controller
itself.

Fingertio Tactie Display:

Excellent progress was made in the development and successful
fabrication of three 48-channel high-performance tactile display drivers. Good
progress was also made in the development of new microtaxels and a flexible,
conformable tactile display before postponement was caused by redeployment
of R&D effort towards the glove controller mechanism.
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TIONS for FUTURE ST

Glove Controller Mechanism:

e The design process can be significantly simplified and
improved through utilization of an appropriate 3D CAD
package that supports virtual prototyping (i.e., creation of
assemblies, interference checking, and two-way
annotation), and rapid creation/modification of shop
drawings. Examples of such systems include Pro
Engineer and ProE Jr. (Parametric Technologies), IDEAS
(SDRC), and Euclid (MATRA). The present versions of
AutoCAD/Designer products were determined to be
inadequate in the treatment of large assemblies,
interference checking, and general program stability.

Develop a suitable interface between worm and slider
gear to allow proper meshing and load transmission, e.g.,
separate spur and worm gears placed side by side.

Install thrust bearings on the worm shafts to eliminate
axial backlash and increase the axial load capacity.

Explicitly combine the tactile display with the glove
controller assembly so as to adequately address the
mounting method, tubing distribution within the display,
and cable routing pathways.

Further explore the use of ribbons routed between the
finger and controller as a means of addressing the
cabling problem.

Joint Torque Sensor:

¢ Design and implement more accurate torque sensors,
either through the incorporation of a displacement sensor
on the slider drive gear, or by installation of strain sensors
on a simple cantilever to extract biaxial stress information.
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e Modify design to permit electrical ribbon for each torque
sensor to exit from the bottom (towards the finger) rather
than the top of the finger segment.

e Minimize the load on the signal processing system by
developing a linearized optical filter disk, e.g., use a
computer-controlled film exposure system.

e Use flat photographic film stock to prevent filter disk
warpage and attendant sideplate scrubbing of the type
encountered with standard 35mm film. Alternatively,
explore availability of commercial filter disks made of rigid
substrate materials such as glass.

e Re-evaluate the encoder design from a standpoint of
manufacturability. Present design requires significant
hand fitting (e.g., optimal alignment of the photoswitch
with respect to the encoder disk), which drives up the cost
of fabrication. In particular, the possibility of utilizing
injection-molded components from plastic or metal may
be an attractive option.

e Evaluate the feasibility of connectorizing the leads at the
sensor, thereby significantly improving the assembly and
repair procedure.

e Use alens (or molded reflector surface) to collimate light
from emitter and maximize received signal strength at
detector.

¢ Eliminate the need for reflectors built into encoder body
and the photoswitch mounting block by use of molded
lightguides attached directly to photoswitch body.
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Signal Conditioning:

¢ Implement the torque and angle data acquisition,
conditioning, calibration, and processing functions in
software, rather than hardware. Thus, all aspects of
signal conditioning could be controlled from one source.

¢ Implement joint motion limit-stops in software, rather than
hardware on the controller. The software limits would halt
motion before hard mechanical stops take effect, thereby
eliminating the problem of binding during overtravel.

Motor Driver:

¢ Include a motor power disconnect relay in the motor drive
circuitry to avoid the problem of motor motion during
system powerdown (this problem presently only occurs in
the manual, or potentiometer, control mode)

¢ [nstall means of manually unbinding worm shafts in the
event of an inadvertent overlimit condition.

Fingertio Tactile Sensor:

¢ Combine the pressure transduction membrane with the
cover. One possible approach involves the use of a thin,
perforated aluminum shell filled with colored silicone
elastomer.

e Verify that an internal light source will provide adequate
illumination without melting or seriously degrading the
polycarbonate waveguide or other plastic components.

e Optimize the geometry of the waveguide to create a more
uniform light distribution pattern at each taxel.

e Fabricate or locate a waveguide that involves less
dimensional variability than presently obtainable. Explore
the option of custom injection molded or cast waveguides
to much higher tolerances.
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ip Tactile Display:

¢ Continue development of microtaxels. Evaluate various
suitable candidate actuator membrane materials with
regard to methods of attachment to the taxel body,
compatibility with adhesives, output intensity, flex lifetime,
and surface abrasion resistance.

e Interface design with glove controller with respect to
pneumatic cable type, exit point(s), and mounting
arrangements.

e Define a suitable flexible substrate material (e.g., silicone
or urethane) for the tactile display.

e Evaluate the possibility of connectorizing the tactile
display (either at the display end or driver end) to

enhance repairability and compatibility with a ribbon cable
design.

i river:

e Complete installation of advanced PCB PWM circuit
board into valve driver modules.
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APPENDIX A

LOCK, CIRCUIT, and LAYOUT DRAWIN f th
R _SIGNA ITIONING BOARD

The following 10 pages contain block diagrams, circuit diagrams, and
layout drawings pertaining to the sensor signal conditioning boards.
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PPENDIX

LIBRATION PROCEDURE for
N IGNAL NDITIONING BOAR

Calibration of a torque or angle sensor and the associated signal
conditioning circuit is a lengthy procedure spanning several days. The following
20 pages contain copies of the calibration procedure for torque and angle sensor
No. 1 on the master signal conditioning circuit board. The procedure for
temperature compensation of the sensor and circuit board is identical for both
types of sensors, and only the calibration procedure differs.
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stacility is TFR-11.

.
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aF 2 0D JO29F L IBF 73N aV -3
12

TC-6 tao meke TF~13 reading the zame as that in step

record valuss:

Time Tilbrd) T(sen) TE—-10 TE—-11 TF--12 TE-13

JO:18 102.1F (2.8F Y7.MaNv =—38.2 x 32.4 ww - 0.05¢

Turn oven off, open 1t ap ! 1
withy mueltiple fans wuntil e

i
eratureg 1 achieved. Fle-cl
libration at room Lemperstures
=5 bosrd is foroe cooled ir

Time Tibrd) Tisen) TH—-110 TF -

1 ; : >
12 720F £39F /8. Mav = 5.7 my 6.6 v — 0.02V
8 n

47 71.7F GESE L.V —5.7 v C.T7av = 0.01V

Compute BTC performance parameters:

Drith {last ovoied: A
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fory

TRIM SENSOR ZERD and SFEFAN
. Farce Sensor:
4
2. Spply known desd-weight loads
span with trimpeot S5 to +/-—
iz asymmetrical, then 2t the
Il it et the other directi
Below:
+ Force: 0.869 v 0198  1ps  =zew TP-1%: =3.,37V
- Farce:  0.869 N Ol95 ibs T TE-1Z: 500 v
To convert Kg to Newtaon, multiply Kg by 9.807
To convert lb to Newton, multiply 16 by 4.44%8
Ib to Kg, muitiply 25
cz ta gmn, multiply -4
Readjust zero Frocsdure S.1.13 14 neceszary at the
Canniusion.
. Ssness the sensor hyvstoresis by applvying - ioadgs
and recording the output when the loads are
Sfter + Force, TP-13:_ - 0,035 W
AfLter - Foarce, TFRP-12:_ 0.00 W

Sverage
Average

"Atter

—_ ~

Hystaresis

"After + Farce"
Farce" output:

Force

u —_—
o

.- 0.04%
. 0.00 ¥

- Vneg) 7 103 x 10




(.7

. Include over-range forces
perating rarge limite by +/-

@
=R
8

raticn: Record ocubtput as a funchion of

.0 _Go

e, 1128 0.5
0. 135 [




miniumum angle (finger
Mousing
trimpot 5-3

recessary. Record final

. P - e e TR ¢
E L= SED = LI R R SR 4

3]

t
-
Li
i

-
.
7

1
2
o
@
e
A
]
-

zide, Tr—1
side, TF-1

1
u
P

(1

[ A
L CL
T

positive
negative

it

U
i

e —— e —

T
HER
(RS

it

Eo
na

tive
tive

£ Q
T

1}

i
a

e}

H

{
W

Seersge "positive side
verage "nagative side”

=
4

sutput:
autputs . Yo=oUR

1)l
i

= {(VMpos -~ Yneg) / 103 =«




Calibratiore: Record cubopul as
I
GiEs, Include sumz over—rang

=

{a) ug to S degrees below
(b} up to S degress above

Snigle desad TF-13
\J
\J’

...... "J’
- PN V
11

< (<

v
il
¥
W}
bd
12
v




FORCE AND JOINT ANGLE SENSOR

COMFENSATION AND CALIBRATION

ot

file c:lvwp\notebook \for_ang
Revised &5 Pec—Ii8221
e 13 TANM 19972

Date: JAM, Pﬂﬁg,/992

Sensor 1D: JO/NT #/ A/‘/G’LE
Soard ID: N As 7=R

- woom Temperaturs

Reference voltage +1:2V

i St le—8 =2 Lo PEe-sR

-
P

Grownd

LED current trimpot (RE)
LED curvent testpoints.

Fa

LED voltage = 2

-~

Sensor JTemperature Compensatiorn circuil
5TC Of+set trimpot, Coerse (R1Z2)
ST Offset trimpot, Fime (RHIZ}
8TC Gifset testooint
ST Gain trimpot (R1O)
STC output
TGS Sensor voltage (direct?
S~ Sensor cubtput Zero trimpot (R1I7)
TF—-1i Sensor output after 5TC but prior to HID o1y
TF-—-13 Sensor output atter BTC circuillt (fo compubter:
5- Sensor output Spart trimpot (RZ7)
Tr-06 S-Z VOLTAGE
BTC Bozsrd Temperature Compensation civcuit

=t o-C BTC Offset trimpot, Coarse (R3O0}
BTC-0-F BTC Offset trimpot, Fine (R31)
T 1
E 3
T -

Ofrset testpoint

- Gain trimpot (R36)
TF-172 ETC ocutput

TP-07 THERMISTEHL poc T HGE



M2

slave or master finger on testbed rigid
te perait preliminary calibration g forces
i. SET SENSOR CURRENT
SEet sensor LED © oresating range with

rrent {(TF-017 for desired
-

i iy
Fesistgr R and trimmer RZ.

Typical force sensor current range: g - 14m5
Resultant sensor voltage (TF-4): 4 - &Y

Typical angle sensor current range:
bt —=;

resultant sensor vaoltags (TR—-43: - 4y
Enter Operating cwrent: B’S- m

= FRELIMINARY SETTING of SENMSUOR ZERD ang SEAN

+

ot compsnsators to zero to provide Dnown =2tarting

Sset TF=09 to G.0mV with 87 and STC~6
4 BTC-&

STC~0-0/F .
Set TP—12 to O.0mY with ETC-0-C/F and
Sst TF-13 to 0.0 with S-Z

v

. Set sensor span to appropriate range:

(8!
fJ

Decsired span (TF—13) is
jLst gain until at least

: M TE--04: _ M
Fs D TE-04:

i
)
N
Lo

Sngls Sensor:
Decirad span (TP-13) .5 ©
TF-13 to zero when finger
s TR-13 is S.0V when finge

ne: G TF-04: 0,69

(/o?ké; Lo TF-04: 2,80
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o
0
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Z. CONFIGURE SENSOR TEMFERATURE COMPENSAT

fed

G

¥
it

Z.1l. Compensate for inherent anpl
render STC output (TFP-09) i

S A Set S5TC-G to zero (yull CCHS and record TP—G?:_ﬁ“_M_Qigth
(TF-05 at zero)

LA G Set ZTC-G to midpoint {approx 10 turnsi. TR -09 = 1.7 v

Zoi.4. Adjust STC-0-F (and STC-0-T 1+ =0 bhsit TRF-09 1is

at the same value as at procedure stsp 20102,

- Oj iV
0.9 av

01,5, Turn STC-G to zeroc (vull CCWY.

1z last reading for TF-07 =
mbtairmed in step 3.1.2., thersby indicstin
critput has been successfully : :

P v R %:’i:‘"-:-'i’}‘i' P LT M DEMpEr g

verify opecati

Flace sensor in oven wWith thermococuple todching device and
not in direct air flow. Close oven and =llow a te&w minutaes
for eguilibration at room temperaturs. Le internal fan
OFF during lLthis procedure.

e

‘urn oven ON and interrnal
initial equilibration.
sguilibration.  Best indicator

. Tisen) _ TF-04  _ TF-0S TF . g
11:28 ¢3.85 100,0F 0.79x¢~ (0.5 v 0.8 n) -0.07V
' \




Adjust S5TC-G to make TF-10 reading the same as that 1 step
F.2.2, then record values:

Rey

S Y

Time Tibrd) T(sen) TE—034 TE—05 _Ir~10
[T:34 64,1 1006 = 0.99=v° (/.9 m 0.00V
Vv
F.E.5, Turnn oven off, open il up and fan-cool wntil eguilibration

at rocm temperature is schieved.

_,_4
]

. dtbreg) Tlsen)

5 .34 Ia7F L4.7F

B Verity STC circuiil
enperature ovele
prc:edure For thermal

+
1

Timz  Tibhrd) T(szn) TF-04 TF -5 TE-ne TRF-1G

f 12 41 637F G641 F O.7oayV 2.6 mV = 1.9 m¥ 0 .00
100F 13 :12 64.2F 100.9 F o.79w0V__Cl 3 o =479 ay 0 .00V
14 :02 (£5.0F L5.7F 0 .104VV. 4.1 v '

-

TLE.T7. Compute STC performancs paramet

rt
it
!

n

b
il
pos
i
T
ped
£t
o
)



Nz
4. CONFIGURE EOARD TEMFERATURE COMPENSATIDON CIRCUIT

4.1. Compensate for inherent amplifier offset in device UIO-E and
render BYC outpu:r (TP-12) independsnt of gein (BTC-Gi:
Thermistor substitution resistor wsed? ¥ H;ﬁ;
(Don "t use unless nesded -~ see 4. 1.307
F.1.01. Set TF-11 to around OV using coarss (BTC-0-C) and fims (BTC-
0-Fy trimpots. T=—11: .0 m¥
To1.2. Set BTC-G to Fd TE-1T: - 0.2 av

4103, S=t BETC~6 to midpoint (10 turns C
Mote: If output is too sensitive
replace tharmistor with like—value

do proceduwre 4.1 agsin.

4

F.5.4. rcjust BTC-0-F (and BTC-0-O
at the same value as at proceda

4.1.8. Turn BTC-GC to zeroc {(Full CCWH.
01060 I+ a substitution resistor was used then ranove @b ana
3
seplace the thermistor. Adjust offset BTCO-0-F so that TF-11
is the same as 4.1.4. MA.fil TE-1it .V

gain in BT0 civcuit to properiy pertors temparaturs

compensation functiaon, and verity opsratbion

"3

4.2.1. Flace board in oven. Eury thersocovple into bosrd to shield
firom direct air flow. Set TF-1L3 S.0 Insert
insulated trimpot adjustoment tool close
owan wilth trimpot fool protroding

p)
bt

o ]

a few minutes

R (AR EAT
ki 1 — . . —— e g
WNotes leave interna
— hi = - PR
cooled i actual usa

Time Tlord) T(semn) TH=-10 TF—-11

L -12 .
09: 2} ‘9'9 F £0¢§ = ER /\/ﬂ':"-f' -9.1 mv 0.1 my ~ Q.04

Turn oven ON and fan ON anc
eguilibration to ocour. Turn
cocled in actual use, then
final equilibrium occurs.
stagility is TFR-11.

Time Tibrd) Tisen) TF-10 TE~-L1 TE~12 [F~13
L()_:Q_& 1007 [ Z2.4¢ 40 N 1y ~26.Q mv 0.2 gV ~0./5v



http:l.ICjw.a

Adiust BTC-G to make TF-1% reading fhe same as tl

.24,
4.2.2, then record values:
Time T bird) T(sen’ TE-10 TP—-13 TE--12 TE-1%
I0:25 1020F (3.1 F 31 . Ngw =27.85 v 27.5 uv - 0,04y
4.2.9. Turn oven off, open it up (in:luding under =1 de of ovend and
cool with mu‘“lple fansz until eguilibratiaon &
tewperature is achiewved. FE*!Luac oven and
gguilibration at room temgerature. Leave o
vnliess board is force cooled in actual use.

Time  Tibirdy Tisar TE~10

’L :08 ?O F 6 JF 10, ~ v “la.é LA ’7,5 iy . 000V

4.2.56 Yerity BTC civrcuit operation by subjscting sensor to ancther
temperature cycle. Follow above procedure {(ut omitiz
trimpot adjustments) for thermal sguilibraticn and mase

o o -

readings at room temp, 100F, and back 1o oo

[

Time  Ti{brd) Tisan} TE~-1G TF -
I{:/4 9724 F &2.9F 14.AWW’TJ
DF 12:03 Jo2,6F ¢3.9F 50,0 ayv —3

T [2:48 n726F ¢4.3F _]0.3%3 mv -

Deifi cycier: 0.0 %
nMotes for next board:
1. Mounlt thermicstar as far as possible from adiustment pots {perhaps
aon the underside?)
2 Selesct RE& (BTC-G) to match compensation reguirsd {ses TF-10)
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TRIM SEMSOR ZERO and SFAN

ot
'

Girce Sensor s

Re-mount finger on testbed.
directions, then set cutput
trimpot.

Apply known dead-weight loa ds to cant g set cutput
span with trimpot S-5 to +/— S.00V f the response
is ‘symmetrical, then sst the most defo
Z.00V and let the other direction + Lom
span limits below:
+ Force: N b == i S S o)
- Foroe: N tbhe e To—-1Z: s A4
To convert Eg to Mewtor,
To canvart 1lb to Newton,

1h to Kg,

oz ta gim,
Readjust zero {(Procedure S3.1.13 1+ necessary at the

canclusion.

=z the sensor
and recording the

Aftter +
Bfter -

Afiter + Force, TFRF-13:
Atter - Force, TF-13:

T

r+ o

tE

ao

L A

Tlher T
After - Farce, TF-

After + Force,
fFfter - Far‘ y

Atter + Force,
~fter - Farce,

sfter + Force, TFRF-13: o %
After — Force, TP—13: . ¥

fverage "After + Force" output: Voos
Average "Atter - Force' output: = Vne

Hysteresis = {(Vpos — Vnegd / 103 = 100%: a



SOwWn inpul

toth

sraticn: Record aoutput s
S. Include gver-range +
1 operating range limits

1T
i




9,00V usi

trimpot 5-3
MECESS&ITY .

fpproach
Approach

CEr EGE

mverage

MifLLumiim

ng

angle
trimpo
to .00V,

{f
t

£
fr om

7 om
T Om

[ it
0N

“h

“mositive
"nzgative

pusitive
negative

os: Live
nEg":t; v E?

positive
negative

positive
negativs
i “

e
ige”

non

(Vpos — Vneg)

outputs
output:

/105

- 0 .92

=z

_...__QM:.S__O&Z%, EC F
091 o= n

A 100%: - 0.02 «

M2



.14, Calibration: Record ocutpul as & function of enown 1opat
anglas, Include sums over—range data:

{a) up to 3 degreses belaow the mis
by up to 5 degrees above the max

TF-13

Arigle {deg) ;
- Z - 0.0 6 3

0 a.00 v

[ O 0.20 v

20 0.43 Y

30 0.8 v

40 .65 v
._%_:_B_g 2

4.98 Y

GO




P IX

Tl N IONS f
INGER TROLLE

[ACTILE TELEPRESENCE SYSTEM

C.1_ Single-Fi Glove Controller P

Note that the top of both enclosures must be removed to access either the
glove control protoboard area or the sensor calibration potentiometers, so rack
mounting is not initially recommended. The following items describe how to use
the system, and describe its capabilities and limitations:

On POWER-UP, manually hold the finger to prevent
initial joint angle excursions from jamming the joint at one
extreme of travel. Maintain manual restraint until the
circuit stabilizes after a few second, then release. If
stable behavior is not achieved within 30 seconds, adjust
the pertinent force ZERO adjustment pot (“SZ") on the
sensor signal conditioning board.

The torque sensor output voltages have been set to
range from approximately -5 to +5V, whereas the angle
sensor output ranges from 0 - 5V (where 0 represents a
straight finger joint). Additionally, the motors respond to
control voltages applied to pins MM1, MM2, MM3, and
SM1 on the prototype board (located within the
Master/Slave Interface enclosure) ranging from -5 to +5
volts. The motors may be driven in two modes, the first
being a simple analog power-amplifier mode in which the
motor voltage ranges from -12 to +12V, and the second
being the PWM mode (1000Hz fundamental frequency).
As shipped, all motors are operating in the analog drive
mode. The PWM mode was found to be somewhat
helpful in overcoming stiction at low drive levels. The
drive modes are easily changed by shifting a jumper on
each motor drive board.

Note that the torque and angie sensor for the master
joint 2 are absent, as they were removed in the course of
development and installed on the slave joint.
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The range of lateral finger motion at the main knuckle is
approximately 35 degrees and covers -5 to +30 degrees
(where the plus direction corresponds to spread fingers).
The -/+ values may be adjusted by loosening the
setscrew in the middle of the encoder and utilizing trial
and error to obtain the desired values, e.g., repetitively
loosen, jiggle the joint, and retighten the encoder. The
magnitude of the range is fixed by the six-segment
encoder disc, and cannot be changed without changing
the disc.

The simplest mode of motor control is DIRECT. This is
accomplished by connecting the leads on the prototyping
board from the motor control potentiometers directly to
the motor control pins, as indicated below:

Potentiometer Motor
MP1 MM1
MP2 MM2
MP3 MM3
SP1 SM1

The potentiometers provide a +/- 5V control signal
capable of driving the master or slave motors in either
direction at speeds from zero to the maximum. The
direction of joint motion corresponds to the knob rotation
direction on each pot. Care should be taken when
approaching the hard travel limits, as the joints can bind
so tightly that simple reversal of the motor will not free it.

Should a joint bind (e.g., due to a high-speed encounter
with a hard mechanical stop), the joint can be freed by
using a sharp scribe or other pointed implement to
access and turn the worm shaft backwards. Should
access be precluded, then partial disassembly involving
removal of one side plate may be required.
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The other simple mode of master or slave control is
open-loop control of the motor with the torque sensor. In
the torque-feedback mode, the joint moves compliantly
with regard to any applied force/torque to the finger
joints. It may be implemented by removing the manual
control potentiometer connections to MM1, MM3, and
SM1, and making the following connections instead:

Sensor Motor
MT1 MM1
MP2 MM2
MT3 MM3
ST1 SM1

This connects the torque sensor output (+/- 5 V output
span) to the corresponding joint motor (+/- 5V input
control range). Drift in the sensors and sensor signal
conditioning boards is significant during warmup, so
approximately 10-15 minutes should be allowed after
turn-on for the system to stabilize. If the sensors are not
nulled out at that time (as indicated by a zero voltage
output), then the zero level should be adjusted at the
“SZ” pot in the appropriate sensor signal conditioning
circuit section.

Due to the non-linear nature of the conditioned sensor
signals, no provisions have been made for master/slave
control at this time (only master gr slave)

Use care to insure that only one source is being use to
drive each motor, as simultaneous sources (e.g., torque
sensor output and manual control potentiometer) may
result in unpredictable behavior and/or damage to the
signal conditioning boards.
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C2 _Fi ip Tactile Telepresen m Pr

It has been determined that the latex display elements in the fingertip-
shaped tactile display device have deteriorated significantly since their date of
manufacture 7 years ago, and that activation under the original design operating
pressure will result in rapid destruction by over-inflation. Approximately 4 taxels
out of 37 were destroyed before this problem was recognized, and 3 additional
units destroyed in the course of determining a new safe pressure of
70kPa/10psi. At this reduced pressure, the tactile stimulation provided by the
elements is significantly weaker than experienced at the original operating
pressure of 240kPa/35psi, though readily discernible under conditions involving
light finger pressure against the tactile display.

The level of tactile stimulation may be increased by increasing the taxel
operating pressure. This is accomplished by removing the cover from the
TACTILE SENSOR/DISPLAY INTERFACE enclosure and re-adjusting the
pressure regulator. However, this is expected to cause additional taxels to fail
by ballooning. (Note that once a taxel has ballooned, its threshold for that mode
of failure will be significantly decreased, and for all practical purposes the taxel
can be considered irreparably damaged and useless.) The Phase-| tactile
display was designed and fabricated with the intent of proving the feasibility of
the concept, with minimal regard given to serviceability. As such, the tactile
display was a fabricated as an integral unit not designed for servicing, and
therefore not repairable without a level of effort equivalent to fabricating a new
display.

The system was shipped ready for operation: see Section 4.5 of Phase-|
report for re-calibration instructions, if needed. The following steps are required
to use the system:

e Set illuminator output control to lowest setting, and turn
ON.

e Attach air supply (note limits on airline). Operating
pressure is preset by an internal regulator to 70kPa
(10psi).

e Turn main switch ON.

e Adjust illuminator intensity to just below the threshold for
turning any of the taxels ON (use the sound of the driver
valves or the visual LED display as an indicator of tactile
display activity).

e The system is ready for use.
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_APPENDIX D

HANI DRAWIN f THUMB-JOINT MPONENT

The following 26 pages contain detailed mechanical drawings describing
various the components that comprise the thumb joint of the proposed glove
controller described in Figures 24 to 27. The drawings are current but do not
describe a complete working device, as additional design work must be
performed to achieve that state.
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DISTRIBUTION STATEMENT: CONFIDENTIAL AND PROPRETARY INFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRIBUTION.

METRIC

THRD ANGLE PROJECTION

@7

XX

*0l mm
£0.05mm
+0.02mm

CONTRACT NO. S CLARET ASH ROAD
NA9-18558 LITTLETON, CO 80127
PH-2 GLOVE CONTR. BEGEJ CORPORATION TEL/FAX: (303) 932-286

APPROVALS | DATE |TITLE
LEFT SIDEPLATE FOR THUMB
SIZE: | DWG. NO.  GLOVEOI.GCD REV. 3i DEC 92
FNAL: SCALE: 15X LAYER: 09 SHEET: | OF 2

113




‘|= 61.50mm /'5‘0/\
I . }Z‘Y\L“H | AR P e
e
61.50mm
5850
3950
3650
3550
3250
14,50 —— 2) SLOT 2.80DIA
(4) 2.80 DIA rg-SO —’/ 2) CB SLOT 4.38DIA 150DP
{4) CB 3.96DIA |50DP \ /
7 2 5
J |© 9 G
= r : £
i [ ' :
- - g
I 1‘ 7T 8
: SN o
-: E A
- 8 o~ /.\MCB 556DiA 2100P | L
g INSDE SURFACE) | R
i 8 5
- (%o} +.
" R 550 — /\
4] | &) EW l s
3 3 o
L o ['a]
1] z_’ !
4 g3 S ¥ l
L Ll ' l
& R 250 4
300
e 810 —]
4950 — ————=
£ 5.00
g 57.00
56.00
[ 47.50mm
VRTUAL
HINGE
CENTER
QTyY PART/ID NO. NOMENCLATURE OR DESCRIPTION MATERIAL SPECIFICATION ITEM NO.
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MOTOR/

[O mm
SCALE:

[DLER WORMGEAR

\IDI_ER SUPPORT BEARINGS

WORM

[l

—_:lr ....v”,"‘

OPTICAL ENCODER

DISTRBUTION STATEMENT: CONFDENTIAL AND PROPRETARY INFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRIBUTION.

M T RIC

THRD ANGLE PROJECTION

CONTRACT NO.
NA9-18558

BEGEJ CORPORATION

5 CLARET ASH ROAD
LITTLETON. CO 80127

&

+Q.| mm
XX £0.05mm
XXX £0.02mm

PH-2 GLOVE CONTR. TEL/FAX: (303) 932-2186
ciiis MR LR HORIZONTAL MOTOR MOUNT ASSEMBLY
SIZE: DWG. NO. GLOVEQO6.GCD REV. 08 DEC 92
FINAL: SCALE: LAYER: SHEET: | QF |
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DISTRBUTION STATEMENT: CONFDENTIAL AND PROPRETARY NFORMATION. NOT FOR PUBLKC RELEASE. RESTRICTED DISTRBUTION.
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METRIC | ousss BEGEJ CORPORATION LITTLETON CO 6007
THRD ANGLE PROJECTION PH-2 GLOVE CONTR. TEL/FAX: (303) 932-2186
) APPROVALS | DATE |TITLE
@ — ACTUATOR FOR MD-FINGER OR THUMB JOINT
ok X ol SIZE: [ DWG. NO.  GLOVEOID.GCD REV. 22 SEPT 93
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\ ] CB 200DP x 4J7R 5
; \ : n N
t ! \n L : o NN
} \ , S WORM SLOT 100 L x 3J8R —// 5 S g N
Q S
X T WORMGEAR  — |
- > BEARNG HOLE e
R, wn /
R ) N WORMGEAR AND
~t LY ! ENCODER RECESS
4-40UNC THRU J \—R 317
~—‘3.o -— 2X CB 0780P x 376R
810 —=
6 HORIZONTAL MOTOR MOUNT (for Micro-Mo motors) ALUMNUM. 6061-T6
aTY PART/ID NO. NOMENCLATURE OR DESCRPTION MATERIAL SPECFICATION  [ITEM NO.

PARTS LIST

DISTRBUTION STATEMENT: CONFIDENTIAL AND PROPREETARY NFORMATION. NOT FOR PUBLIC RELEASE RESTRICTED DISTRBUTION.

CONTRACT NO.
NA9-18558

METRIC

THRD ANGLE PROJECTION

PH-2 GLOVE CONTR.

BEGEJ CORPORATION

5 CLARET ASH ROAD
LITTLETON, CO 80127
TEL/FAX: (303) 932-2186

B APPROVALS DATE |[TITLE

@ —+— HORIZONTAL MOTOR MOUNT

TOL: X 0Ol mm X
Xy ol SIZE: | DWG. NO.  GLOVEOI3 REV. 22 SEP 93
XXX £0.02mm FINAL: SCALE: 2X LAYER: QI3 SHEET: | OF |
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i
AWAVAAAA)

NOTES:

. Attach to shaft with LOCTITE 324 adhesive.
Measured breaking torque - 336 oz-in
3mm shaft, thermd cure 20-30 min @ 300F,
Clean w/acetone then 240 grit SIC random finish.
Calcdlated axidl capacity = 5690 oz (355 Ib)

Smm BORE

I WORM (NW _SHORTLINE 309-6)

Q1Y PART/D NO.

NOMENCLATURE OR DESCRIPTION

MATERIAL SPECIFICATION ITEM NO.

PARTS LIST

DISTRIBUTION STATEMENT: CONFIDENTIAL AND PROPRETARY INFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRBUTION.

CONTRACT NO. 5 CLARET ASH ROAD
METRIC | ngses BEGEJ CORPORATION LTTTEToN, CO 6027
THRD ANGLE PROJECTION PH-2 GLOVE CONTR. TEL/FAX: (303) 932-2i86
@‘G APPROVALS | DATE |TITLE WORM
ol Xl SIZE: [ DWG. NO. _ GLOVEOZ.GCD REV. I3 JAN 93
XXX £002m  |FNAL: SCALE: 5X LAYER OF SHEET: | OF |
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0-80 UNF THRU

Spacer wather to
inture centerng of
vorm geor wri. worm.

‘-/—— 1340 PITCH DA

1250 ROCT DiA

194

LT

WORMGEAR (NW SHORTLINE 309-6. 13.60PD. 34 TEETH)

QTY PART/ID NO.

NOMENCLATURE OR DESCRPTION

MATERIAL SPECFICATION

ITEM NO.

PARTS LIST

DISTRIBUTION STATEMENT: CONFIDENTIAL AND PROPRIETARY INFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRIBUTION.

CONTRACT NO. 5 CLARET ASH ROAD
ME TRIC ™ gesss BEGEJ CORPORATION TTLETON C0 8027
THRD ANGLE PROJECTION PH-2 GLOVE CONTR. TEL/FAX: (303) 932-2186
AN e APPROVALS | DATE |TITLE
] DLER WORMGEAR AND SHAFT
Lo W SIZE: ] DWG. No.  GLOVEOI6.GCD REV. 04 DEC 92
XXX +0.02mm FINAL: SCALE: 5X LAYER: 06 SHEET: | OF |
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P

[IJLJIH[HIHI]IIHHIIHIIIIHHHHHIIIIIIHIIHIIIIIHI l

=

=

il ?L;i
= =
=4 2
Fﬁ\} F#
R
MAIN SUPPORT BEARINGS
SLIDER
VIRTUAL AXIS\
oD D

DISTRBUTION STATEMENT: CONFDENTIAL AND PROPRETARY INFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRBUTION.

5 CLARET ASH ROAD

CONTRACT NO.
METRIC NAG-8558 BEGEJ CORPORATION I TLEION €0 0T

THRD ANGLE PROJECTION PH-2 GLOVE CONTR.
@ | AR | OATE ITME o) her ASSEMBLY (ROLLER-BEARNG SUPPORT)

X sopmm SIZE: | DWG. NO.  GLOVEQ07.GCD REV. 23 DEC 92
XXX $002nm  [FNAL: SCALE: 2X LAYER: 007 SHEET: | OF |
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THRD ANGLE PROJECTION

PH-2 GLOVE CONTR.

R U9 4X CB 2.39DIA (S00P
/_ 1.88 FROM EDGE

r | / l

! e a— o ® @
§. 3 5 Pes. o
T —. @@ @O ® |0
| | -

750 \
5250 195 om0
R 39.00
g
g
S
42.50mm =|1
56.50mm
QTyY PART/D NO. NOMENCLATURE OR DESCRIPTION MATERIAL SPECIFICATION ITEM NO.
PARTS LIST
DISTRBUTION STATEMENT: CONFIDENTIAL AND PROPRETARY INFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRIBUTION,
CONTRACT NO
. 5 CLARET ASH ROAD
METRIC | o BEGEJ CORPORATION TTTEToN €O ' 8007

TEL/FAX: (303) 932-2186

&g

+0. mm
XX +0.05mm
XXX £0.02mm

APPROVALS | DATE |[TITLE
SLIDER FOR THUMB (VERSION 1)
SIZE: | DWG. NO.  GLOVE020 REV. 23 DEC 93
FINAL: SCALE: LAYER: 020 SHEET: | OF |
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IOX CB 2.38DIA |IODP I120°END
L52DIA THRU
.7Smm FROM OUTER EDGE

® @ _© 0 O
NN AR RN

4X CB 2.93DIA 150DP
1.88mm FROM OQUTER EDGE

o O
L

@ SN
RN

r— 9.00mm —-{

307

R 53.00mm
R 55.00mm

R 56.16mm

DISTRIBUTION STATEMENT: CONFIDENTIAL AND PROPRIETARY INFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRIBUTION.

CONTRACT NO. S CLARET ASH ROAD
METRIC NA9-I8558 BEGEJ CORPORATION UTTLETON. CO 8027
THRD ANGLE PROJECTION PH-2 GLOVE CONTR. TEL/FAX: (303) 932-2186
APPROVALS DATE |TITLE
@6 SHELL GEAR FOR SLIDER
ok X Wl SIZE: ] DWG. NO.  GLOVEO23.GCD REV. 23 DEC 92
XXX £0.02mm FINAL: SCALE: LAYER: 023 SHEET: | OF |
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2.38

[}
2.38| 4 76mm
" e
"= 14.00mm
DOWEL PIN

BEARNG PRESS FT)

1

I1.930mm

-t

BEARNG (DYNAROLL SFI33ZZ. FULL SHIELD)

QTY PART/D NO. NOMENCLATURE OR DESCRPTION MATERAL SPECIFICATION  [ITEM No.
PARTS LIST
DISTRIBUTION STATEMENT: CONFIDENTIAL AND PROPRIETARY INFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRIBUTION.
CONTRACT NO.
5 CLARET ASH ROAD
METRIC NAQ-I8558 BEGEJ CORPORATION UTTLETON, CO 80127
THIRD ANGLE PROJECTION PH-2 GLOVE CONTR. TEL/FAX: (303) 932-2186
_ APPROVALS DATE |[TITLE
@ ‘G MAIN SLIDER BEARING (WITH SHAFT)
TOL: X +0Ol mm .
%X ooem SIZE: | DWG. NO.  GLOVEO2! REV. 16 DEC 92
XXX +0.02mm FINAL: SCALE: 5X LAYER: 02 SHEET: | OF |
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\
N

N

N

N

§

&

<

&>

>

SN

N\ \

) 3

NN

DOWEL PN

(BEARING PRESS FIT)

2.38

= 318 —=

r—o 6.20mm ‘T

.

i

11930mm

| BEARNG (DYNAROLL SRWI33ZZS. FULL SHELD)
oTY PART/ID NO. NOMENCLATURE OR DESCRPTION MATERAL SPECIFICATION _ [ITEM NO.
PARTS LIST
DISTRBUTION STATEMENT: CONFIDENTIAL AND PROPRETARY INFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRBUTION.
CONTRACT NO.
5 CLARET ASH ROAD
METRIC NAQ-18558 BEGEJ CORPORATION UITTLETON. CO 80127
THIRD ANGLE PROJECTION PH-2 GLOVE CONTR. TEL/FAX: (303} 932-2186
i APPROVALS | DATE |TITLE
©— SDE BEARNG FOR SLIDER
oL X 200 o SIZE: | DWG. NO.  GLOVE022.GCD REV. 16 DEC 92
XX +0.05mm
XXX £0.02mm FINAL: SCALE: 5X LAYER: 022 SHEET: | OF |
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T [ 1

COUNTERBORE SLOT
ON INSIDE  SURF-ACE

N\

56.50mm

/
46.00DEG

= 1250DEG

250

1]
!

4.76DIA 2/0DP
______ £
— O
O
N o~
.
0.40
(@}
R 47.00 19
R 3950 gy
R 55.00 <
o M
S
N
™~
42.50mm 5.50 =
-————— 1400 —=
QTY PART/ID NO. NOMENCLATURE OR DESCRIPTION MATERIAL SPECHCATION  [ITEM NO.

PARTS LIST

DISTRBUTION STATEMENT: CONFDENTIAL AND PROPRETARY INFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRIBUTION

CONTRACT NO. 5 CLARET ASH ROAD
METRIC NAG-8558 BEGEJ CORPORATION LITTLETON, CO 80127
THRD ANGLE PROJECTION PH-2 GLOVE CONTR. TEL/FAX: (303} 932-2186
APPROVALS | DATE |TITLE
@"E} LEFT BEARING SLOT FOR SLIDER
ok X B SIZE: | DWG. NO.  GLOVEO24 REV. 31 DEC 92
XXX £0.02mm FNAL: SCALE: 2X LAYER: 024 SHEET: | OF 2
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L

r L

56.50mm

_ 1250DEG —™

46.00DEG

COUNTERBORE SLOT
ON INSDE SURFACE | .

4.76DIA 2i0DP

0.40
(@]
A R 47.00
Y9 R 39.50
© R 55.00
ok o
(&
(o]
o™~
1 |
= 5.50 42.50mm
L—VJAOO —
QTY PART/ID NQ. NOMENCLATURE OR DESCRPTION MATERIAL SPECFICATION ITEM NO.

PARTS LIST

DISTRIBUTION STATEMENT: CONFIDENTIAL AND PROPRIETARY INFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRBUTION.

METRIC

THRD ANGLE PROJECTION

@5

XX
XXX

+0) mm
+0.05mm
*0.02mm

CONTRACT NO. 5 CLARET ASH ROAD
NA9-18558 LTTLETON. CO 80127
PH-2 GLOVE CONTR. BEGEJ CORPORATION TEL/FAX: (303) 932-2186

APPROVALS | DATE |TITLE
RIGHT BEARING SLOT FOR SLIDER
SIZE: | DWG. NO. GLOVEO24 REV. 3l DEC 92
FINAL: SCALE: 2X LAYER: 024 SHEET: 2 OF 2
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T

JLL

56.50mm

COUNTERBORE SLLOT -
ON INSIDE SURFACE
4.76DIA 2J0DP

46.00DEG

-

= [2.50DEG

O

R 50.00mm

R 56.00mm

47.50mm

L
l‘i 26.00m

2000 ———
36.00
4150
o1
57

e— 14.00 ——J

oTY PART/ID NO.

NOMENCLATURE OR DESCRPTION

MATERIAL SPECFICATION ITEM NO.

PARTS LIST

DISTRBUTION STATEMENT: CONFIDENTIAL AND PROPRIETARY INFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRIBUTION.

METRIC

THRD ANGLE PROJECTION

CONTRACT NoO.
NA9-18558

PH-2 GLOVE CONTR.

5 CLARET ASH ROAD

BEGEJ CORPORATION LTTLETON. CO 80127

TEL/FAX: (303) 932-2186

APPROVALS DATE |TITLE

]

*Ql1 mm
XX *Q.05mm
XXX £0.02mm

LEFT BEARING SLOT FOR SLIDER (VER. 2)

SIZE: J

DWG. NO.  GLOVE024.GCD REV. IS5 JAN 93

FINAL:

SCALE: 2X

LAYER: 024 SHEET: | OF 2

127




Yy L

56.50mm

¥oq]

RSO0DEG ——=f=————~—
250 —
- I — 46.00DEG
"""""""""""" COUNTERBORE SLOT
,,,,,,, J— ON INSDE SURFACE
A 4.76DIA 2J0DP
(@)
S L N
[te]
o~ i
040 R 50.00mm
A
= R 56.00mm
3
O
™ o
S
[0}
™~
47 50mm - ]
e 14.00
QTY PART/D NO. NOMENCLATURE OR DESCRPTION MATERIAL SPECFICATION  |ITEM NO.
PARTS LIST

DISTRBUTION STATEMENT: CONFDENTIAL AND PROPRETARY INFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRIBUTION.

ME TRIC

CONTRACT NO.

5 CLARET ASH ROAD
LITTLETON. CO 80127
TEL/FAX: {303} 932-2186

BEGEJ CORPORATION

NAG-8558
THRD ANGLE PROJECTION PH-2 GLOVE CONTR.
] APPROVALS | DATE [TTLE
@ = RIGHT BEARNG SLOT FOR SLIDER (VER. 2)
ok X m SIZE! | DWG. NO.  GLOVEO24.GCD REV. 15 JAN 93
XXX 0020  [FNAL SCALE: 2X LAYER. 024 SHEET: 2 OF 2
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R 5.00
N

13.50mm —————=

I 100

5.00

"' [5.00mm

s / ) R 250
§ \ \\O LTI
o)
© 1
] (2) 4-40UNC
<
(@)
S
s ~ I
o )
<
5I.63deg oI
L LR 250
—={150
= 3.00 |
9.00
QTY PART/D NO. NOMENCLATURE OR DESCRPTION MATERIAL SPECFICATION  |ITEM NO.

PARTS LIST

DISTRBUTION STATEMENT: CONFDENTIAL AND PROPRETARY INFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRIBUTION.

ME TRIC

THRD ANGLE PROJECTION

o

X.X

Q) mm
+0.05mm
+0.02mm

CONTRACT NO. 5
S CLARET ASH ROAD
NAS-18558 LITTLETON. CO 8027
PH-2 GLOVE CONTR BEGEJ CORPORATION TEL/FAX: (303) 932-286
APPROVALS | DATE |TITLE
CORNER SUPPORT FOR THUMB SIDEPLATES
SIZE: | DWG. NO.  GLOVEO26.6CD REV. 3l DEC 92
FINAL: SCALE: 4X LAYER 026 SHEET: | OF |
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16.00
i 15.00 ‘

38.10mm

2X M2 4DP ON 10.92DIA

MOTOR. MICRO-MO I516012S. WITH 15/5 2621 GEARHEAD

QTY PART/ID NO.

NOMENCLATURE OR DESCRIPTION

MATERIAL SPECIFICATION

ITEM NO.

PARTS LIST

DISTRIBUTION STATEMENT: CONFIDENTIAL AND PROPRIETARY INFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRIBUTION.

METRIC

THRD ANGLE PROJECTION

&

TOL: X +0l mm
XX *0.05mm
XXX £0.02mm

CONTRACT NO. 5 CLARET ASH ROAD
NAQ-18558 LITTLETON, CO 80127
PH-2 GLOVE CONTR BEGEJ CORPORATION TEL/FAX: (303) 932-286
APPROVALS | DATE |TITLE
ACTUATOR FOR LATERAL THUMB MOTION
sze: | DWG. NO.  GLOVE028.GCD REV. 3| DEC 92
FINAL: SCALE: 2X LAYER: 028 SHEET: | OF |
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794 DIA

10.00 DIA

[0-32 UNF —\

15.00mm —————=

- 750 —=

o [500 ———————~
- 29.00mm ———
R 050
= : :
- (2) 4-40 UNC 5 : ;
[
<
I 1 ? T [ . 1
'/, -\\‘ I’/,——\\\ o o IIoTIIIIIIIIIIaEITIoTTIoIIyTyoooooomTiIioz
H 1 + (@]
o T n
@% . (RN
l_ 3.00
[ 22.00
29.00mm
QTY PART/ID NO. NOMENCLATURE OR DESCRIPTION MATERIAL SPECIFICATION ITEM NO.

PARTS UIST

DISTRBUTION STATEMENT: CONFDENTIAL AND PROPRIETARY INFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRBUTION.

CONTRACT NO.
5 CLARET ASH ROAD
METRIC | ™ g BEGEJ CORPORATION LTTLETON Co 8027
THRD ANGLE PROJECTION PH-2 GLOVE CONTR. TEL/FAX: (303) 932-2186
APPROVALS | DATE |TITLE
@6 SUPPORT PILLAR FOR LATERAL THUMB JOINT
ok X 20l SIZE: | DWG. NO.  GLOVEO3LGCD REV. 3| DEC 92
. =v.omm
XXX 10.02nm  [FNAL SCALE. 3X LAYER. 03 SHEET: | OF |
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45.00mm

L (4) 4-40 UNC

& = ©
_—12.70 DIA
Q
2 ]
~
(@}
2 = | 13.90 DIA
Ly o
3.9
e 15.00 ———
26.00
29.00mm —————=
L ': i |
o | it i
~ H |
I i d |
ZHEN zz é
QTY PART/D NO. NOMENCLATURE OR DESCRIPTION MATERIAL SPECIHCATION ITEM NO.

PARTS LIST

DISTRBUTION STATEMENT: CONFDENTIAL AND PROPRETARY INFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRIBUTION.

CONTRACT NO. S5 CLARET ASH ROAD
ME TRIC |7 wmousse BEGEJ CORPORATION LITLETON €O 3027
THRD ANGLE PROJECTION PH-2 GLOVE CONTR. TEL/FAX: (303) 932-2186
i APPROVALS | DATE |TITLE
MAIN MOUNT BLOCK FOR LLATERAL THUMB JOINT
oL X 20 mm SIZE: | DWG. NO.  GLOVEO32GCD REV. 03 DEC 92
. TV.Vomm
XXX +0.02mm FNAL: SCALE: LAYER: 032 SHEET: | OF |
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R 20.00
(SLOT)

-

(4) CB 4.76DIA
[ (4) 3.00 DIA

3.50DP

CB 10.50DIA 3.00DP\

+

@

e 8.4 —==

17.00

.59

[—10.00 —~

20.00mm —=

R &oo/

f— 38.20mm

r—— 3.00 L‘

-—‘ 3.00

fe——14.00 —J

26.00

(2) 350DIA ON FRONT
(2) 6-32UNC ON BACK

(2) CB 5.96DIA 3.50DP —\

——] 500 =

e—1 0.00 —

24.42

foe————— 2792
32.00mm

la——— 20.75mm
33.70mm =|1

[e— 825 —=

DISTRIBUTION STATEMENT: CONFIDENTIAL AND PROPREETARY INFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRBUTION.

ME TRIC

THRD ANGLE PROJECTION

@

*Q.l mm
XX 20.05mm
XXX £0.02mm

CONTRACT NO.
5 CLARET ASH ROAD
NAQ-18558 UITTLETON, CO 8017
PH-2 GLOVE CONTR. BEGEJ CORPORATION TEL/FAX: (303) 932-2186
APPROVALS | DATE |TITLE
MOTOR MOUNT FOR LATERAL THUMB JOINT
SIZE: ] DWG. NO.  GLOVEO33.GCD REV. 3| DEC 92
FINAL: SCALE: 2X LAYER: 033 SHEET: | OF 2
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(2) 350 DIA

<—10.00mm—>1
—= 500 [’* |
i
|

275

30.00mm —=

——1 3.18 If

QTY PART/ID NO.

NOMENCLATURE OR DESCRIPTION

MATERIAL SPECIFICATION

ITEM NO.

PART:

S LIST

DISTRBUTION STATEMENT: CONFIDENTIAL AND PROPRETARY INFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRIBUTION.

CONTRACT NO. 5 CLARET ASH ROAD
METRIC 1™ ugusss REGEJ CORPORATION LITTLETON Co ' 6027
THRD ANGLE PROJECTION PH-2 GLOVE CONTR. TEL/FAX: (303) 932-2186
@,6 APPROVALS | DATE |TITLE
MOTOR MOUNT SPACER FOR LATERAL THUMB JOINT
To X <0l mm _
XX soomm sze: | DWG. NO.  GLOVEO33.GCD REV. 3 DEC 92
XXX +0.02mm FINAL: SCALE: LAYER: 033 SHEET: 2 OF 2
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= / 94mm —=

12./0mm

0.78

FLANGED BEARING (DYNAROLL SFRIBI0ZZS. FULL SHELD)

QrY PART/ID NO.

NOMENCLATURE OR DESCRIPTION

MATERIAL SPECIFICATION

ITEM NO.

PARTS LIST

DISTRBUTION STATEMENT: CONFDENTIAL AND PROPRETARY INFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRBUTION.

METRIC

THRD ANGLE PROJECTION

@

0l mm
XX £0.05mm
XXX +0.02mm

T

CONTRACT NO. S CLARET ASH ROAD
NAQ-18558 LITTLETON. CO 80127
PH-2 GLOVE CONTR. BEGEJ CORPORATION TEL/FAX: (303) 932-2186

APPROVALS | DATE |[TTLE
LATERAL THUMB BEARING
SIZE: | DWG. NO.  GLOVEO27.GCD REV. 07 DEC 92
FINAL: SCALE: LAYER: 027 SHEET: 1 OF |
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R 14.66mm

<

19.50mm

e—— 14.00mm ,———‘

R 4.35mm

] 235 |

15.00mm

QTY PART/D NO.

NOMENCLATURE OR DESCRIPTION

MATERIAL SPECIHCATION

ITEM NO.

PARTS LIST

DISTRBUTION STATEMENT: CONFIDENTIAL AND PROPRETARY INFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRIBUTION.

METRIC

THRD ANGLE PROJECTION

CONTRACT NO.

S CLARET ASH ROAD

@

20l mm
XX  +0.05mm
XXX £0.02mm

wosss owm | BECEJ CORPORATION e 27 a6
TITLE
APPROALY | AT GEAR SEGMENT FOR LATERAL THUMB DRIVE
SIZE: l DWG. NO.  GLOVEOQ3IO.GCD REV. 07 DEC 92
FNAL: SCALE: 4X LAYER: 030 SHEET: 1 OF |
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SHAFT DIA 3.00mm

ROOT DIA 9.07mm

2.50mm

OUTSIDE DIA 162

PITCH DIA 10.35mm

PNION GEAR. 20 TEETH. 10.35 PITCH DIAMETER

Q1Y PART/D NO.

NOMENCLATURE OR DESCRIPTION

MATERIAL SPECIHCATION

ITEM NO.

PARTS LIST

DISTRBUTION STATEMENT: CONFDENTIAL AND PROPRETARY INFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRIBUTION.

METRIC

THRD ANGLE PROJECTION

CONTRACT NO.

5 CLARET ASH ROCAD

&

0. mm
+0.05mm
+Q.02mm

XX
XXX

m?z_%&?VE CONTR. BEGEJ CORPORATION lfgLT/LFE,&Nisgg) 32?52-3186
AFPROVALS | DATE TTE PINION GEAR FOR LATERAL THUMB JOINT
SIZE: | DWG. NO. GLOVEQ29.GCD REV. O7 DEC 92
FINAL: SCALE: SX LAYER: 029 SHEET: | OF |
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]

L5
f_fv

3.4

PHOTOTRANSISTOR REFLECTIVE SWITCH (MARKTECH MTRSS080)

QTY PART/ID NO.

NOMENCLATURE OR DESCRPTION

MATERIAL SPECIFICATION

ITEM NO.

PARTS LIST

DISTRBUTION STATEMENT: CONFIDENTIAL AND PROPRETARY INFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRIBUTION.

ME TRIC

THRD ANGLE PROJECTION

©—

TOL: X Ol mm
XX £0.05mm
XXX £0.02mm

CONTRACT NO.
5 CLARET ASH ROAD
NA9-18558 LITTLETON, CO 80127
PH-2 GLOVE CONTR. BEGEJ CORPORATION TEL/FAX: (303) 932-2186
APPROVALS | DATE |[TITLE
PHOTOELECTRIC SWITCH
SIZE: | DWG. NO.  GLOVEO35.GCD REV. 2! JAN 93
FINAL: SCALE: 10X LAYER: 035 SHEET: | OF |
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APPENDIX E
MECHANICAL DBAWINGS of TACTILE SENSOR COMPONENTS

The following 10 pages contain detailed mechanical drawings describing
the various components comprising the Phase-II tactile sensor shown in Figures
35, 36, and 38.
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MATERIAL: 606-T6 ALUMINUM

DISTRBUTION STATEMENT: CONFIDENTIAL AND PROPRETARY INFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRIBUTION.

METRIC

THRD ANGLE PROJECTION

&

+0l mm
XX £0.05mm
XXX +0.02mm

CONTRACT NO. S5 CLARET ASH ROAD
NAQ-8558 LITTLETON. CO 80127
PH-2 GLOVE CONTR. BECEJ CORPORATION TEL/FAX: (303) 932-2186

APPROVALS | DATE |TITLE
SENSOR COVER
SIZE: | DWG. NO.  TSEN202LGCD REV. 28 JAN 93
FINAL: SCALE: 25X LAYER: 02! SHEET: | OF |
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t-3nm. 90 601 ’—(-&m 90. 90}
{-6mm. 90. -90) \ g (Onn. 90. 901

N

(-Omm. 90. -30)

9. 90, O}

{Omn. 30. 0}

(Omm, 60, -90) Omm. 30.

FGmm. 90.. -30) 3w, 90, -30)
(-6, 90 . -301 3w, 90, O)
FRONT VIEW
(-3mn. 90 -90)
(-3nn. 90 . 60) -3mm, 90, -60)
{-6mm. 90. -901} {onm 90 -90)
(-6nm. 90. -60) (Onn. 90 . -60)
-9nm. 90, -90) 1Onn. 90. <30
-%mn. 90 -60) \ {Omm. €60, -90})
{-6nm, 90, -30) / {Omm. 60 . -6Q0)
-om 90 301 (Omm. 60 . -30)

T \O\O

(-3mm. 90, O}

(Omm. 30. -90)
> / (Omn. 30 -45)

(Omn. 90. 0}

(Omm. 60, -90)

Omm, 30. -90)
/ om0 01 (Omm. 90 -90)
d Z AXIS (Omm. 60 . -60)

(Omm, 30, -45)
Onm. 30 0) (Omm. 90, -60)
(Omm. 60 . -60) (©Omm. 30", -45)

{Omm., 60, -30)
{Omn. 60", 07 (Omm. 60 . -30)

(Onn. 90", -60)
(Onm. 90 -30)

(Omm. 90 .

-901

-30)

{Omm, 30, 0)

{Omm. 0. 0)

(Omm. 30. 90)

{Omm. 60. 90)

{Omm. 90" 90)

. 60, 60)

{Omm. 90 . 60

{Omm. 30. 45}

(Omm. 60 . 30}

{Omm, 90" 30}

(Omm. 60. 0)
(Omm. 90. 0)

RIGHT VIEW

‘"9"“90“”\\ \J ©Omn. 30. 0)
OO 1 Z AXiS
om0, 0)/33 \ o 0.0} {4) HOLES IN COVER STRUCTURE. 2.00mm DIA.

] 000 Q O\ {Omm. 60. 0)
(-9mm. 90 30} P (Omm. 30, 45)
yz \ (Omm. 30. 90)

T D e e A G (Omm, 60. 30)

\ (Onm, 60 . 60)

-9mn. 90, 60) / {Omm. 60. 90)
{-Gwn. 90. 90) % (Omn. 90, 307
(6w, 90. 60) = Onm. 90 601
(-6mn. 90. 90) {Onn. 90. 90)
[-3ven. 90, 30) {-3mn. 90, 60)
[-3mm, 90 . 90)
BOTTOM VEW
QTY PART/D NQO. NOMENCLATURE OR DESCRIPTION MATERIAL SPECIHCATION ITEM NO.

PARTS LIST

DISTRBUTION STATEMENT: CONFIDENTIAL AND PROPRETARY INFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRBUTION.

METRIC

THRD ANGLE PROJECTION

CONTRACT NO.

NAQ-I8558
PH-2 GLOVE CONTR.

BEGEJ CORPORATION

5 CLARET ASH ROAD
LITTLETON. CO 80127
TEL/FAX: (303) 932-2186

APPROVALS | DATE |TITLE
@ —— SENSOR COVER (HOLE PLACEMENT)
XX oo SIZE: | DWG. NO.  TSEN2021GCD REV. 28 JAN 93
mm
XXX 2002 |FNAL SCALE: LAYER 021 SHEET: | OF |
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(2) CB 2.80DIA X.XXXDP
/ (2) 152 DIA

3.00 DA

6.00mm =

3.00

CHANNEL FOR
ILLUMNATOR —

6.30mm 400
r<— ——r—

L 550 o 530

CHANNEL FOR
MAGNG CABLE

R 12.89mm -

2X 3.00 DIA

475\~
725

N

1100 RAD

0-80UNF

DISTRBUTION STATEMENT: CONFIDENTIAL AND PROPRIETARY INFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRBUTION.

METRIC

THRD ANGLE PROJECTION

+Q.l mm
X 20.05mm
XXX £0.02mm

@

CONTRACT NO. 5 CLARET ASH ROAD
NAQ-I8558 LITTLETON, CO 80127
PH-2 GLOVE CONTR. BEGEJ CORPORATION TEL/FAX: (303) 932-2186
APPROVALS | DATE |TITLE
MAGING FIBER CONNECTOR (VER. 20 INT. ILLUM.)
Sz | DWG. NO.  TSEN20I3.GCD REV. 28 JAN 1993
FINAL: SCALE:  3X LAYER O3 SHEET: | OF |
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~— 970 ——1

19.79mm ——==

R 9.39

R 769

MATERIAL:
POLYCARBONATE (CENTRIFUGE TUBE)

DISTRIBUTION STATEMENT: CONFIDENTIAL AND PROPRIETARY INFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRIBUTION.

CONTRACT NO. 5 CLARET ASH ROAD
METRIC NAQ-18558 BEGEJ CORPORATION LTTLETON. CO 80127
THRD ANGLE PROJECTION PH-2 GLOVE CONTR. TEL/FAX: (303) 932-2186
. APPROVALS | DATE |TITLE
@ £ WAVEGUDE (NTERNAL ILLUMNATOR)
ok X oL SIZE: [ DWG. NO.  TSEN20AGCD REV. 28 JAN 1993
XXX #0.02mm FINAL: SCALE: 3X LAYER: O SHEET: | OF |
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(2) 0-80UNF

8X 2-56UNC ON 7.50RAD

3.00 DIA
............ / CB 3.58DIA 2.50DP
/ 218 DIA
o 1
M (@] (@]
S 9
o M [@)]
5}
SIS F
\ 10 RAD FILLET
250
550 —=]
850
- |0.75 ———
- 3,00 —————=
re—————— [/ 50mm ————
250
’-—t« 6.00 ‘\
10 RAD FILLET
| / 7.50 RAD
S }
NS o
< | e
w
! T t
O
S
N

18.78 DIA

DISTRBUTION STATEMENT: CONFDENTIAL AND PROPRETARY INFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRBUTION.

CONTRACT NO. S CLARET ASH ROAD
METRIC NAQ-18558 BEGEJ CORPORATION LITTLETON, CO 80127
THRD ANGLE PROJECTION PH-2 GLOVE CONTR. TEL/FAX: (303) 932-2186
_ APPROVALS | DATE |TITLE
@2 TACTILE SENSOR CORE
oL X 2oL SIZE: DWG. NO.  TSEN2010.GCD REV. I JAN O3
. vomm
XXX +0.02mm FNAL: SCALE: LAYER. 000 SHEET: | OF |
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DETAL A

3.00/2.00 OD/D TUBE

L]

- 4.50 =]

/- 2-56UNC

7.25 RAD

[e— 8.00mm —

3.00

-— 8.25mm —=

e [4.00mm —=

~e—— 10.75mm —-’1

e [650mm ————=

.OODIA, 5DP

/7 Q.50DIA

EPOXY ANCHOR ROUGHS
APPROX 0.80W 0.50DP

*‘ 3.00 ’*

I I
(@) A O
2 |, \ﬁ d 2
@ 1 V/ \\( | t ]
o ] [} ¢ b o)
T ] * g o N
g [ I NI 8
E W AR AN . -
AR | e P UAN
oo- / NS el ROUNDED CORNERS
AR : MINIMUM R 1.0Omm
/ R 630 EPOXY
ROUNDED R 769

INTERNAL
EDGE

~— 6.00 —=

re—— [0.50mm ——

POLYCARBONATE SHELL
MACHNED TGO HT INSDE
OF WAVEGUDE.

DISTRIBUTION STATEMENT: CONFIDENTIAL AND PROPRETARY INFORMATION., NOT FOR PUBLIC RELEASE. RESTRICTED DISTRIBUTION.

CONTRACT NO. 5 CLARET ASH ROAD
ME TRIC NA9-8555 BEGE.J CORPORATION DT ETon Co. 8087
THRD ANGLE PROJECTION PH-2 GLOVE CONTR. TEL/FAX: (303) 932-2186
APPROVALS | DATE |TITLE
@ — INPUT FIBER ARRAY ASSEMBLY
Xy aodmm SIZE: \ DWG. NO. _ TSEN2012.GCD REV. 1 JAN 93
XXX ¢0.02mm FINAL: SCALE: 3X LAYER:  OR SHEET: 1 OF |
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-3mm. 90 . -60} (-3mm. 90 . -90)

-6mm. 90, -90) (O 90 -90) (om. 002
(-6mm. 90 . 60 (Omm. 60 -901 {Omn. 30 -90 ) ° (Omm. S0 90)
“9mn. 90 -90} ‘\\ £ Omm. 60. -90) 2 (Omm, 60 90)
-9mm. 90 . -60) > {Omm. 30. -60) T
\ (O 0 0 ©nm. 90. -90) (O, 90 907
\ LAY T 2L 7 AXS (Omm. 60, -60 } -
\ (Onm. 30 -45) {Omm. 60. 60)

(Omm, 90, -60}
{Omm. 30", 0) (Omm. 90 . 60)

(O, 60. -60} (Omm. 30 -45) (One. 30. 45)

(Omm, 60, ~30)
o o 6o, 0 Omm 60 . 30)
{-9men. 90 . -30) Omm, 90 . -60) B {Omm. 90 . 30}
(omm, 90, -30)
{-9mm. 90. 0} -
(-6mm. 90 . -30) {Omm. 90 - 0) (Omn. 90, -30) (Omm. 60, 0)
.90 (-3mm. 90, -30) ©Omm. 30. 0)
(-6mm. 90 -30) (-3mm. 90. 0) T (O, 90 0)
(-3mm. 90. -90)
3o, 90, -30) {-3mm, 90 . 601
{-6mm. 90. -90} {Omm. 90 . -90)
{-6mm. 90, -60) {Omm. 90. -60)
(-9mm. 90, -90) Omn. 90. -30)
{-9mm. 90 . -60) {Omm. 60, -90)
-6mm, 90 . -30} ©Omm. 60 -60)
(-9mm. 90. -30) Q. 605 "00)
(-3mm. 0. 0) {Onm, 30, -45) F‘I) HOLES N INPUT ARRAY SUBSTRATE. 0.32mm DIA.
(Omm, 90 . 0
(-9mn. 90. 01— " omm, 30, 0)
NOTCH NOTE: PRIOR TO DLLLING.
—_— e Z AXS FIT INPUT ARRAY TO ACTUAL WAVEGUDE FIRST.
(-6mm. 90 . Q) —— \(O 0.0) THEN TRANSFER HEMISPHERE CENTER LOCATION
(OmTéo ) FROM WG TO IA (VIA MOLD DIVIDNG LINE)
-Omm. 90 30) —————" O 30 45) OTHERWSE. FINAL SENSOR WILL BE APPROX Inm SHORT.
{Omn. 30, 90)
(-6rm. 90 30) (Onm. 60. 30)
(Omm, 60. 60)
1-9mm. 90, 60) (Omm. 60. 90)

{-3mm. 90 . 30} {-3men. 90 . 60}
-3mn. 90, 90}
BOTTOM VIEW

DISTRBUTION STATEMENT: CONFIDENTIAL AND PROPRETARY INFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRIBUTION.

CONTRACT NO. 5 CLARET ASH ROAD
METRIC 17 g BEGEJ CORPORATION UITTTETON CO ' 6007
THRD ANGLE PROJECTION PH-2 GLOVE CONTR. TEL/FAX: {303) 932-2186
. APPROVALS | DATE |TTLE
@‘ ‘G INPUT FIBER ARRAY HOLE LOCATIONS
TOL X 0) mm .
XX sopam SIZE: | DWG. NO.  TSEN2012.GCD REV. Il JAN 93
XXX £0.02mm FINAL: SCALE: 175X LAYER: OI2 SHEET: | OF |
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— 620 ——‘

19.79mm ——=

DISPERSER CONE 3.00 DIA

R 9.39

R 7.69

DISTRBUTION STATEMENT: CONFIDENTIAL AND PROPRIETARY NFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRBUTION.

CONTRACT NO.
5 CLARET ASH ROAD
METRIC |7 womsss BEGEJ CORPORATION LTTLETON Co. 8027
THRD ANGLE PROJECTION PH-2 GLOVE CONTR. TEL/FAX: (303) 932-2186
) APPROVALS | DATE |TITLE
@ G WAVEGUDE (EXTERNAL ILLUMNATOR)
TOL: X #0] mm .
Xx iopmm SIZE: | DWG. NO.  TSEN201.GCD REV. 05 JAN 1993
XXX :002m  |FINAL SCALE: 3X LAYER. O SHEET: 1 OF |
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(2) CB 2.80DIA X.XXXDP
/ (21152 DIA

3.00 DIA

fe—— 6.00mm =

3.00

R 1. 14mm

L 3.50 —L 350 J

R 100
(2} O-80UNF

DISTRIBUTION STATEMENT: CONFIDENTIAL AND PROPRIETARY INFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRIBUTION.

ME TRIC

THRD ANGLE PROJECTION

& =

CONTRACT NO.

5 CLARET ASH ROAD

TOL: X +0J mm
XX £0.05mm
XXX +0.02mm

noiess o | S=od CORPORATION D 309 Soehias
TITLE
APPROVALS | DATE IMAGNG FBER CONNECTOR (VER I EXT. ILLUM)
SIZE: ] DWG. NO.  TSEN20I3.GCD REV. 04 JAN 1993
FINAL: SCALE: 3X LAYER: QI3 SHEET: | OF |
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0-80UNF

300 DIA
¥
6 [
< 0 : j i i
@
R 12.89mn T 450
R 9.50mn
R 100
() CB 280D i7s0P [
(2) 152DIA
RI1.
QTY PART/ID NO. NOMENCLATURE OR DESCRPTION MATERIAL SPECFICATION ITEM NO.
PARTS LIST
DISTRBUTION STATEMENT: CONFIDENTIAL AND PROPRIETARY NFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRBUTION.
CONTRACT NO. -
’ 5 CLARET ASH ROAD
METRIC NAQ-I8558 BEGEJ CORPORATION UTTLETON. CO 80127
THRD ANGLE PROJECTION PH-2 GLOVE CONTR. TEL/FAX: (303} 932-2186
_ APPROVALS DATE |TITLE
@ — LLUMNATION CABLE CONNECTOR (VER.
TOL: X 0l mm .
XX +0.05mm SIZE: ‘ DWG. NO.  TSEN2018.GCD REV. 05 JAN Q3
XXX £0.02mm FINAL: SCALE: 3X LAYER: 000 SHEET: | OF |
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The following 31 pages contain detailed mechanical drawings describing
the three tactile display driver modules that were fabricated on this program and
illustrated in Figure 36. See Appendix G for drawings describing the

modifications that must be made to upgrade the modules to include the PCB-
version of the PWM controller/driver card.
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NOTES

N
X XK

7
A

( oooooooooooooooooooﬂ

L LT SR

"ﬁs)ooooé‘c)

GQAQ aoooj""“ /4
OGAAAAAA00O0O0OO

AT 00 AR O i

i i i

|

4

1]

[l

1

«#ETE

FRONT

DISTRIBUTION STATEMENT: CONFDENTIAL AND PROPRETARY INFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRBUTION

METRIC

THRD ANGLE PROJECTION

&=

CONTRACT NO.

NAQ-18558

PH-2 GLOVE CONTR.

BEGEJ CORPORATION

S CLARET ASH ROAD

LITTLETON. CO 80127

TEL/FAX: (303) 932-2186

+Ql mm
+0.05mm

X XX +0.02mm

TRy | T IS TACTILE DRIVER ASSEMBLY (48 TAXELS)
SIZE: | DWG. NO.  TDRV2002.GCD REV. 28 JUNE 93
FNAL: SCALE: LAYER:  MULTI SHEET: IQF 3
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NOTES:

PN
2K XK >

[z
[ )
f

]?n

I

.

- F-

P et

b [ i
1)
®

IR |
=

[l

Ve
oo
[

LTy

4l

41
al
Gl

RIGHT

DISTRIBUTION STATEMENT: CONFDENTIAL AND PROPRETARY INFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRBUTION.

METRIC

THRD ANGLE PROJECTION

&

*0.l mm
£0.05mm

X XX +0.02mm

CONTRACT NO. S5 CLARET ASH ROAD
: LITTLETON. CO 80127
&E%ﬁﬁcwm BEGEJ CORPORATION TEL/FAX: (303) 932-2186
PP TITLE
mE S SRR TACTILE DRIVER ASSEMBLY (48 TAXELS)
SIZE: Il DWG. NO.  TDRV2002.GCD REV. 28 JUNE 93
FINAL: SCALE: LAYER: MULTI SHEET: 2 OF 3
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NOTES:
l

(%]
XXX X

‘
.

~

ccccc

bddes
i

LR
b 7

......

q
»»»»»

DISTRBUTION STATEMENT: CONFIDENTIAL AND PROPRIETARY NFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRBUTION.

METRIC

THRD ANGLE PROJECTION

o

*0) mm
XX #.05mm
XXX £0.02mm

CONTRACT NO. 5 CLARET ASH ROAD
NAQ-I8558 UTTLETON. CO 80127
PH-2 GLOVE CONTR. BEGEJ CORPORATION TEL/FAX: (303) 932-286

APPROVALS | DATE |TITLE
TACTILE DRIVER ASSEMBLY (48 TAXELS)
SIZE: | DWG. NO.  TDRV2002.GCD REV. 28 JUNE 93

FINAL: SCALE: LAYER: MULTI SHEET: 3 OF 3
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NOTES:

& FACE ENTIRE TOP SURFACE FOR VALVE O-RING SEALS.

6X CROSS FEEDER LINES
4.04 DIA THRU HOLE. 6 PL EQ SP. I15mm CTR
10-32UNF THREAD BOTH ENDS. 4.0mm DEEP

750

[e-12.50 -

5.50

[—20.50mm—=

G0.00mm

FRONT VIEW

l MALE CONNECTOR, I/8'NPT X I/4"TUBE
12 SOCKET SET SCREW. 10-32UNF x 4mm (CUSTOM LENGTH)
I PRESSURE MANFOLD. 48 TAXELS. ALUMNUM, 606-T6 OR EQUV.
QTY PART/ID NO. NOMENCLATURE OR DESCRIPTION MATERIAL SPECFICATION _ |ITEM NO.
PARTS LIST
DISTRBUTION STATEMENT: CONFDENTIAL AND PROPRETARY INFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRBUTION.
METRIC CONTRACT NO. 5 CLARET ASH ROAD

THRD ANGLE PROJECTION

NAG-8558

PH-2 GLOVE CONTR.

BEGEJ CORPORATION

LITTLETON. CO 80127

TEL/FAX: (303} 932-2186

AR,

+0l mm
XX +0.05mm
XXX *0.02mm

APPROVALS | DATE |TmLE
PRESSURE MANIFOLD FOR DISPLAY DRIVER (48TX)
sze | DWG. NO.  TDRV2000 REV. 21 JUNE 93

FNAL: SCALE: LAYER 100 SHEET: | OF 4
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VALVE INLET AND OQUTLET PORTS
48 PLACES ISmm CTRS.
SEE DETAILS IN SECTION A-A

{20.00mm

105.00mm

90.00mm

——eny

exshrsrzaa

T

30.00mm—=
ra— 722 50mm—=

r=—15.00—=

7.50

Nsh | |
I

750 J
=10.75

r=—15.00—=

2250

r——25.7 Smm—
[e—————30.00mm —=
fe———45.00mm—=

TOP VIEW

go.oolllll

DISTRBUTION STATEMENT: CONFIDENTIAL AND PROPRETARY INFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRIBUTION.

METRIC |ONRACT M. 5 CLARET ASH ROAD
NAS- .
THIRD ANGLE PROJECTION PH-2 I%SLSC?VE CONTR. BEGEJ CORPORATK}N %’EI]L/FE;)(()N(S((:)% 98\%2-%86
@_ﬁ_ APPROVALS | DATE |TITLE
PRESSURE MANIFOLD FOR DISPLAY DRIVER (48TX)
Tou: ;ﬁ_x ;ggg“:m SIZE: ] DWG. NO.  TDRV2I00 REV. 2 JUNE 93
XXX +0.02mm FINAL: SCALE: LAYER: 100 SHEET: 2 OF 4

155



6X 4-40UNC x | | mm DEEP MAX

MAIN FEEDER LINE
8.33 DIA HOLE X 825 DP
1/8-27 NPT X 9mm DEEP

120.00mm

T 00/ 0 1 1 = 1 A1 8 0 1 0 0 1 o
8‘ i Y o A Al 4 L, LW [ R ]} S
HiTa) Frzzr N PR T T 7 - r v [CIT T “wzoe
TR T Yo TNA Ve TV T Ve
P oo .l

N F-4500 FEATURE ON RT SDE)

60.00
F‘75 00 (FEATURE ON RIGHT SIDE)
105.00

LEFT SIDE-VIEW

DISTRBUTION STATEMENT: CONFIDENTIAL AND PROPRETARY NFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRBUTION.

M E —I— R I C CONTRACT NO.

THRD ANGLE PROJECTION mgz I%?_508VE CONTR. BEGEJ CORPORATION

5 CLARET ASH ROAD
LITTLETON. CO 80127
TEL/FAX: (303} 932-286

@_ 6 APPROVALS DATE |TITLE

PRESSURE MANFOLD FOR DISPLAY DRIVER (48TX)

+0l mm .
XX +0.05mm SIZE: | DWG. NO.  TDRV200 REV. 21 JNNE 93
XXX £Q.02mm FNAL: SCALE: LAYER: 100 SHEET: 3 OF 4

156




NLET PORT:

CB FOR O-RING SEAT
3.57 DIA x |li DEEP

VALVE THREAD
269 DA x 6.0 DEEP
6-32UNC2B TO BOTTOM

GASKET SURFACE

iy TN
oo |

CROSS FEEDER LINE

QUTLET PORT:

0 DIA THRU \GASKET

404 DIA x 55 DEEP TAXEL CONNECTOR
(0-32UNF x 5.0 DEEP

DO NOT BOTTOM-OUT THREAD
ON TAXEL GASKET SURFACE

SECTION A-A

DISTRBUTION STATEMENT: CONFDENTIAL AND PROPRETARY INFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRIBUTION.

METRIC

THRD ANGLE PROJECTION

CONTRACT NO. S CLARET ASH ROAD
NA9-8558 LITTLETON. CO 80127
PH-2 GLOVE CONTR. BEGEJ CORPORATION TEL/FAX: (303) 932-2i86

APPROVALS DATE ([TITLE

+0l mm

TOL: X
XX

X £0.05mm
XXX £0.02mm

PRESSURE MANFOLD FOR DISPLAY DRIVER (48TX)

SIZE: | DWG. NO.  TDRV2100

REV. 20 JUNE 93

FNAL: SCALE: LAYER: 100

SHEET: 4 OF 4
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6X CROSS FEEDER LINES
5.4| DIA THRU HOLE. 15mm SPACING

I/4-28 UNF THREAD BOTH ENDS. 5.0mm DEEP

L R T BT e R T A ST e R O
Q N H { ; A I
i~ B R e L o R T e L ot ot sy S|
750
2250 VACUUM PORTS: SEE DETAL
. 87.00mm
FRONT VIEW

| MALE CONNECTOR. I/8'NPT X I/4"TUBE

12 SOCKET SET SCREWS. [/4-28UNF X 4.8mm

! VACUUM MANFOLD. 48 TAXELS. ALUMNUM.  6061-T6 OR EQUIV.
QTY PART/ID NQ. NOMENCLATURE OR DESCRIPTION MATERIAL SPECIFICATION ITEM NO.

PARTS LIST

DISTRBUTION STATEMENT A: CONFIDENTIAL AND PROPRETARY INFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRBUTION.

ME TRIC

THRD ANGLE PROJECTION

PH-2 GLOVE CONTR.

CONTRACT NO.
NAQ-18558 LITTLETON. CO 80127
BEGEJ CORPORATION TEL/FAX: (303) 932-286

5 CLARET ASH ROAD

RO L PAE T VACUUM MANIFOLD FOR DISPLAY DRIVER (48 TX)

O

+Q mm ]
XX +0.05mm SIZE: | DWG. NO.  TDRVZI0! REV. 28 JUNE 93
XXX £0.02mm FNAL: SCALE: LAYER: 10l SHEET: 1 OF S
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MAIN FEEDER LINE
8.33 DIA X 825 DP
1/18-27 NPT X 9.0 DP

MANIFOLD HOLDDOWN BOLT HOLES

KNECTOR STANDOFF HOLES

.....

RO T,
'

o v I T 1
g
H v
h )

i '
. ]
v i

12.50 =

RN
e
/) N v
’

=
I
| H
s
™M
LA
" :

[2Q.Q0mm

VACUUM PORTS: SEE DETAILL

LEFT SIDE-VIEW

DISTRBUTION STATEMENT A: CONFDENTIAL AND PROPRETARY INFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRIBUTION.

CONTRACT NO.
5 CLARET ASH ROAD
ME TRIC NAG-I8558 BEGEJ CORPORATION UTTLETON. CO 80127
THRD ANGLE PROJECTION PH-2 GLOVE CONTR. TEL/FAX: (303) 932-2186
. APPROVALS | DATE |TITLE
@ ‘G VACUUM MANIFOLD FOR DISPLAY DRIVER (48 TX)
oL X SIZE: | DWG. NO.  TDRV20) REV. 28 JUNE 93
. .vomm
XXX £0.02mm FINAL: SCALE: LAYER: K SHEET: 2 OF 5
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10X HOLDDOWN BOLT-HOLES
2 ROWS. EACH WITH 5 EQ SP HOLES I5.0mm APART.
295 DIA THRU. 4.76 DIA CB 7.50 DP.

STANDOFF HOLES FOR CONNECTOR ADAPTER.
2 ROWS. EACH WITH 2 HOLES SP 30.0mm APART.

6.0mm DIA THRU. \
\ 87.00"“"

! T
AS
£ P Y o
SO ! !
It < v kI £
13
(o}
S
(@]
“““ i | &
o
i
i’ }
L i S
5 € A \ £
NS i i :
g ] 1 é | P
N . ” N
S 3 i ; )
~ :" :: H ____JL
750
15.00
E_—ZZ.SOmm——
~ 3000"4"“5 o - EXHAUST PORT CONNECTIONS.
mm 48 EQ. SP. ON [5.0 CENTERS.

SEE DETAL (1)

DISTRBUTION STATEMENT A: CONFIDENTIAL AND PROPREETARY NFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRBUTION.

METRI|C  |CONRACT No. S CLARET ASH ROAD
NAG-8558 TTLETON,
THRD ANGLE PROJECTION |  PH-2 GLOVE CONTR. BEGEJ CORPORATION TELJFAX: (308) 95286
) APPROVALS | DATE |TITLE
@' ‘G VACUUM MANIFOLD FOR DISPLAY DRIVER (48 TX)
o X SIZE: | DWG. NO.  TDRV20! REV. 28 JUNE 93
XXX :0020m  [FNAG SCALE: LAYER: [0l SHEET: 3 OF 5
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206 DIA

CROSS FEEDER LINE\

rMAN FEEDER LINE

A

GASKET SEAT SURFACE

4.76 DIA (I8° DRILL POINT)

DISTRBUTION STATEMENT A: CONFDENTIAL AND PROPRETARY INFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRIBUTION.

ME TRIC

THRD ANGLE PROJECTION

@

01 mm
XX +0.05mm
XXX ¢0.02mm

CONTRACT NO. S CLARET ASH ROAD
m?z_BGSLSSVE CONTR, BEGEJ CORPORATION %ELTL/SQN is%g) gg%las
APPR
OVALS | DATE 1T VACUUM MANIFOLD FOR DISPLAY DRIVER (48 TX)
sze: | DWG. NO.  TDRV200l REV. 24 APR 93
FINAL: SCALE: LAYER: K SHEET: 4 OF S
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NOTES:

L MOISTEN NSDE OF GASKET TO FACILITATE INSERTION OF CORE.

ABURNSH ENDS OF CORE TUBE WITH WIRE WHEEL TO ROUND AND REMOVE BURRS.

3. ITEM 2 CUT WITH CORE TUBE INSTALLED.

$S TUBE

184 OD x 58 ID

x 10.0 Loy

O

e

SUPERTHANE TUBNG
310 0D x 150 D
x 50 LONG

J ©

3.28 OD NOMINAL

‘TOP VIEW

5 N
| S T .
§ : v ) T —
| T § 3 § o [ d —T
t i | - h ! H " n
5 8 | o | i siE g
= L < i L .
o L i B
i | FRONT VEW
r i | |
ASSEMBLED SEAL ADAPTER  INSTALLED SEAL
NOMNAL APPEARANCE
0, @ EDGE COMPRESSION 0.54mm
48 ADAPTER SEAL: 310 OD x 150 D SUPERTHANE_TUBING. 165 2
48 ADAPTER CORE: 184 OD x 156 D x 0.0 L THN-WALLED S5 TUBE. I5GA |
QTY PART/ID NO. NOMENCLATURE OR DESCRPTION MATERIAL SPECFICATION ITEM NO.
PARTS LIST
DISTRBUTION STATEMENT: CONFIDENTIAL AND PROPRETARY NFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRBUTION.
CONTRACT NG. 5 CLARET ASH ROAD
ME TRIC | ™ uoasse REGEJ CORPORATION UTTLETON Co 8027
THRD ANGLE PROJECTION PH-2 GLOVE CONTR. TEL/FAX: (303} 932-286
APPROVALS | DATE |TITLE
@ -+ VACUUM SEAL ADAPTER
*0. mm .
Xy aolam SIZE: \ DWG. NO.  TDRV2I06.GCD REV. 3 MAY 93
XXX :0.02m  [ANAC SCALE: LAYER: 106 SHEET: | OF 2

162



NOTES:
. JGGLE TOP MANFOLD DURNG ASSEMBLY TO FACLITATE SEAL SEATING.

/CROSS-FEEDER LINE

/ VACUUM MANFOLD
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0.8 NOMNAL GAP
(0.54 SEAL COMPR)

/ TOP OF VALVE

DISTRBUTION STATEMENT: CONFIDENTIAL AND PROPRETARY INFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRIBUTION.

CONTRACT NO.
S CLARET ASH ROAD
METRIC NAQ-8558 BEGEJ CORPORATION LITTLETON. CO 80127
THRD ANGLE PROJECTION PH-2 GLOVE CONTR. TEL/FAX: (303) 932-2186
. APPROVALS | DATE |[TITLE 4
@ VACUUM SEAL ADAPTER - Assenbly Deta
oL X t0l mm SIZE: DWG. NO.  TDRV2I06.GCD REV. 31 MAY 93
XX +0.05mn
XXX +0.02mm ANAL: SCALE: LAYER: 106 SHEET: 2 OF 2
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NOTES:

L CONNECTOR BODY () IS A MODIFED 10-32UNF x 3/32" BARB NYLON ADAPTER,
2. SLP ROTATING) FIT REQURED BETWEEN CONNECTOR BODY () AND ADAPTER TUBE (2).
3. CEMENT ADAPTER TUBE (2) TO SEAL (3) WITH CYANOACRYLATE (CA) ADHESIVE.
4. ATTACH TAXEL TUBE TO ADAPTER TUBE (2) WITH CA ADHESIVE. THEN TRM INLET END WITH RAZOR.
5. TAXEL TUBNG: KYNAR 054 OD x 0.25 D (30AWG WREWRAP WRE SHEATHI.
6.2
/\ 36 + 01 DIA
185 +0.0/-0.05 DIA /
. TOP VEW
056 +0.04/-0.02 DIA
185 +0.05/-0.0 DIA
186 DIA NOMMAL
T T T T
B Pl
10-32UNC STRAIGHT I ~ { { FRONT VIEW
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@/ h I L1
48 SEAL PVC TUBING 3
48 ADAPTER TUBE PVC TUBNG 2
48 CONNECTOR BODY H-TECH CO. SA-220-0I (MOD) |
QTY PART/D NO. NOMENCLATURE OR DESCRPTION MATERIAL SPECFICATION _ [ITEM NO.
PARTS LIST

DISTRBUTION STATEMENT: CONFIDENTIAL. AND PROPRETARY INFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRIBUTION.

METRIC

THRD ANGLE PROJECTION

CONTRACT NO. 5 CLARET ASH ROAD
NAQ-18558 LITTLETON. CO 80127
PH-2 GLOVE CONTR. BEGEJ CORPORATION TEL/FAX: (303) 932-2186

APPROVALS DATE |TITLE

&

0l mm
XX 20.05mm
XXX £0.02mm

TAXEL CONNECTOR

SIZE: l DWG. NO.  TDRV2i07.GCD REV. 25 APR 93

FNAL: SCALE: LAYER: 107 SHEET: [QOF 3
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NOTES:
L
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FRONT WEN@/SEC AA
ASSEMBLED CONNECTOR
43 TAXEL CONNECTOR
QTY PART/ID NO. NOMENCLATURE OR DESCRPTION MATERIAL SPECFICATION ITEM NO.

PARTS LIST

DISTRBUTION STATEMENT: CONFIDENTIAL AND PROPRIETARY INFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRBUTION.

ME TRIC

THRD ANGLE PROJECTION

+QJ mm
X #Q.05mm
XXX +0.02mm

TOL: X
XX

CONTRACT NO. _
5 CLARET ASH ROAD
NAG-18558 LITTLETON. CO 80127
PH-2 GLOVE CONTR. BEGEJ CORPORATION TEL/FAX: (303) 932-2186
APPROVALS | DATE |TITLE ,
TAXEL CONNECTOR - f\ssembly Detail
SIZE: | DWG. NO.  TDRV207.GCD REV. 25 APR 93
FINAL: SCALE: LAYER: K7 SHEET: 2 OF 3
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NOTES:
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PRESSURE CROSS-FEEDER LNE \
N R
1 TAXEL CONNECTOR
TAXEL TUBE
QTY PART/ID NO. NOMENCLATURE OR DESCRPTION MATERIAL SPECFICATION  |iTEM NO.
PARTS LIST
DISTRBUTION STATEMENT: CONFIDENTIAL AND PROPRIETARY NFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRBUTION.
CONTRACT NO. 5 CLARET ASH ROAD
METRIC NA-I8558 BEGEJ CORPORATION UTTLETON. CO 80127

THRD ANGLE PROJECTION

PH-2 GLOVE CONTR.

TEL/FAX: (303) 932-2186

&=

+0.1 mm
XX *0.05mm
XXX +0.02mm

APPROVALS DATE |TITLE . .
TAXEL CONNECTOR - hstdllation Detail

SIZE: | DWG. NO. TDRV207.GCD REV. 25 APR 93

FINAL: SCALE: LAYER: 107 SHEET: 3 OF 3
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f=-127 =

©

MANFOLD SCREW

5. @@ ®

ADAPTER SUBSTRATE
SCREW AND LOCKWASHER

NOTES:
NO WASHERS USED ON MANFOLD BOLTS.
| mm MAXMUM SUBSTRATE-BOLT LOCKWASHER THICKNESS.

L.
2.

t‘i 50.00mm

/ 5.0 DA

©

‘u::.rn:,j

P

p)

.

wwararemy
L.“uuv‘

/CD

4-40UNC x Gmm DP

4 CONNECTOR ADAPTER FASTENER: LOCKWASHER. SIZE 4-40UNC. imm THK MAX. 4

4 CONNECTOR ADAPTER FASTENER: 4-40UNC x 12.7mm BUTTONHEAD SOCKET SCREWS 3

4 PRESSURE MANFOLD/CONNECTOR ADAPTER FASTENER: 4-4Q0UNC x 12.7mm SOCKET CAP SCREW 2

4 CONNECTOR ADAPTER STANDOFFS STEEL |
QTY PART/ID NO. NOMENCLATURE OR DESCRIPTION MATERIAL SPECIFICATION ITEM NO.

PARTS UST

DISTRBUTION STATEMENT: CONFIDENTIAL AND PROPRIETARY INFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRBUTION.

ME TRIC

THRD ANGLE PROJECTION

CONTRACT NO.

NAQ-8558 BEGEJ CORPORATION

PH-2 GLOVE CONTR.

5 CLARET ASH ROAD
LITTLETON. CO 80i27
TEL/FAX: (303) 932-2186

APPROVALS DATE |TITLE

@

+0) mm
XX 20.05mm
XXX +0.02mm

STANDOFFS and BOLTS FOR CONNECTOR ADAPTER

SIZE:

|

DWG. NO.

TDRV2I08

REV. 29 JUINE 93

FINAL: SCALE:

LAYER:

108

SHEET: | OF [
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NOTES

VACUUM PRESSURE
MANIFOLD MANFOLD
SCREW SCREW

NO WASHERS USED ON MANFOLD BOLTS.

&

e

Axvaznznan
esarzaenn

¢

[YTTrery

4-40UNC x [2mm DP

O

t—— 3250 mm ——1

§ \4-40UNC x 9mm DP

10 PRESSURE MANIFOLD FASTENER: 4-40UNC x 12.7mm SOCKET CAP SCREW 3

10 VACUUM MANFOLD FASTENER: 4-40UNC x 15.9mm SOCKET CAP SCREW 2

10 THREADED STANDOFFS. 4-40UNC THREADS (VARIABLE DEPTH). STEEL |
QTY PART/D NO. NOMENCLATURE OR DESCRIPTION MATERIAL SPECIFICATION ITEM NO.

PARTS LIST

DISTRIBUTION STATEMENT: CONFIDENTIAL AND PROPRETARY INFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRIBUTION.

METRIC

THRD ANGLE PROJECTION

TOL:@_GL

+0. mm
XX +0.05mm
XXX £0.02mm

CONTRACT No. 5 CLARET ASH ROAD
NA9-8558 LTTLETON. CO 80127
PH-2 GLOVE CONTR. BEGEJ CORPORATION TEL/FAX: (303) 932-286

APPROVALS | DATE |TITLE
STANDOFFS and BOLTS FOR MANIFOLDS
SIZE: \ DWG. NO.  TDRV2009 REV. 29 JUNE 93
FINAL: SCALE: LAYER: 109 SHEET: | OF |
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2X SHOULDER L350 THK

NOTES: @
A IMPART NON-DIRECTION FINISH WITH "SCOTCHBRITE™ PAD. THEN BLUE ANODIZE. <&/ _L
2. ADJUST DIMENSIONS AS NECESSARY DEPENDING ON ACTUAL PLATE THICKNESS T. 3;_ e fg
>
T ¥
8‘:;; ki Z— i — 1 1 S N Nl

2X 1250 DIA
2X 3.05 DIA -\ l
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: T - 254
S350 yAN
45.00
57.00
e T + 60.00 6254 FOR T-2.54) — =
2-T + 120.00 (2508 FOR T-2.54) —=
ENCLOSURE FASTENER (SHORT): 4-40UNC x 6.4mm FLATHEAD SOCKET SCREW 3
2 ENCLOSURE FASTENER (LONG: 4-40UNC x 9.5mm FLATHEAD SOCKET SCREW 2

I FRONT PANEL ALUMNUM, 6Q6I-T6 2.54mm THK |

QTY PART/ID NO. NOMENCLATURE OR DESCRPTION MATERIAL SPECFICATION ITEM NO.

PARTS LIST

DISTRIBUTION STATEMENT: CONFIDENTIAL AND PROPRIETARY NFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRIBUTION.

METRIC

THRD ANGLE PROJECTION

CONTRACT NO.

NAQ-I18558
PH-2 GLOVE CONTR.

BEGEJ CORPORATION

5 CLARET ASH ROAD
LITTLETON. CO 80127
TEL/FAX: (303) 932-286

APP] TITLE
@ﬁﬂ T N FRONT PANEL AND ATTACHMENT HW
o X ol SIZE: | DWG. No. _ TDRV210 REV. 28 JUNE 93
XXX £0.02mm FINAL: SCALE: LAYER: 10 SHEET: | OF |
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NOTES:

—{6.4 |
=

G/
/I\ MPART NON-DRECTIONAL FINSH WITH "SCOTCHBRITE” PAD. THEN BLUE ANODIZE & i
(o
/2\ CUTOUT FOR STRAN-RELEF RETANER L
I e TN, N ,/"“\\_I

/®&

6X 3.05D THRU 82°CS 6.7 SD\
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I e ©) ©), )
¢ A\
N
N
x
@ ® |
! o
< = 4004 ~ —~
90.00 T-254
14.00
2T + 12000 (2508 FOR T - 2.54)
4 ENCLOSURE FASTENER (SHORT): 4-40UNC x 6.4mm FLATHEAD SOCKET SCREW 3
2 ENCLOSURE FASTENER (LONG: 4-40UNC x 9.5mm FLATHEAD SOCKET SCREW 2
| REAR PANEL ALUMNUM. 606-T6 254mm THK | |
aTY PART/D NO. NOMENCLATURE OR DESCRPTION MATERAL SPECFICATION  |ITEM NO.

PARTS LIST

DISTRIBUTION STATEMENT: CONFIDENTIAL AND PROPRIETARY INFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRIBUTION.

I\/I E —l— R ' C CONTRACT NO.

5 CLARET ASH ROAD

NAO-18558 LITTLETON. CO 80127
THRD ANGLE PROJECTION PH-2 GLOVE CONTR. BEGEJ CORPORAT|ON TEL/FAX: (303) 932-2186
. APPROVALS | DATE |TITLE
@ £ REAR PANEL AND ATTACHMENT HW
o X ol SIZE: | DWG. No.  TORVZ 11 REV. 22 JUNE 93
XXX $002m  [FNAL: SCALE: LAYER 111 SHEET: | OF 2
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NOTES:

& IMPART NON-DRECTIONAL FINSH WITH "SCOTCHBRITE™ PAD. THEN BLUE ANODIZE.

O

QYA

| SN
e 20.00 —= [=— 20.00 —=
15.00 = e 5.00
r— ] ] n ‘-1 ]
3 y (18
@ o ) S ® A
_ 13 &y \
| l
o™
i - o
708 o |- \7.0 R —~
305D THRU 82°CS 675D T-254 305D THRU 82°CS 6,750 T - 254
2 STRAN-RELEF RETANER FASTENER: 4-40UNC x 9.5mm FLATHEAD SOCKET SCREW 3
i STRAN-RELEEF RETANER. RIGHT ELEMENT ALUMNUM. 6061-T6 254mn THK | 2
| STRAN-RELEF RETANER. LEFT ELEMENT ALUMNOM. 606-T6 254mm THK | |
aTY PART/D NO. NOMENCLATURE OR DESCRPTION MATERIAL SPECFICATION | ITEM NO.

PARTS LIST

DISTRIBUTION STATEMENT: CONFDENTIAL AND PROPRETARY INFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRBUTION.

METRIC

CONTRACT NO.

BEGEJ CORPORATION

5 CLARET ASH ROAD
LITTLETON. CO 8027

NAQ-8558
THRD ANGLE PROJECTION PH-2 GLOVE CONTR. TEL/FAX: (303) 932-2186
) APPROVALS | DATE |TITLE
@ - STRAN-RELIEF RETANER & ATTACHMENT HW
TOL: X +01 mm .
XX sooem sze | DWG. NO.  TDRV2 |11 REV. 22 JUNE 93
XXX :002m  |[FNAL SCALE: LAYER 111 SHEET: 2 OF 2
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NOTES:

& IMPART NON-DRECTIONAL FINISH WITH "SCOTCHBRITE™ PAD. THEN BLUE ANODIZE.

4X 3.05D THRU 82°CS 6.750\
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4
——|5.oo~l ] e
7500 T =254
90.00mm
8 ENCLOSURE FASTENER (SHORT):  4-40UNC x 6.4mm FLATHEAD SOCKET SCREW 2
2 SDE PLATE ALUMNUM. 6061-T6 2.54mm THK |
QTY PART/ID NO. NOMENCLATURE OR DESCRPTION MATERIAL SPECFICATION ITEM NO.
PARTS LIST
DISTRBUTION STATEMENT: CONFIDENTIAL AND PROPRIETARY NFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRBUTION.
CONTRACT NO.
5 CLARET ASH ROAD
METRIC | o BEGEJ CORPORATION UTTLETON Co 3007
THRD ANGLE PROJECTION PH-2 GLOVE CONTR. TEL/FAX: (303) 932-2186
_ APPROVALS DATE |TITLE
@ —— SDE PANELS AND ATTACHVENT HW
TOL: X £0l mm .
XX +0.05mm SIZE: I OWG. NO.  TDRV212 REV. 22 JUNE 93
XXX £0.02mm FINAL: SCALE: LAYER: 2 SHEET: | OF |
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NOTES:

& IMPART NON-DIRECTION FINISH WITH “SCOTCHBRITE™ PAD. THEN BLUE ANODIZE.

~j64p=
=g ©

SNl

/4X 3.050 THRU 82°CS 6.750
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® © ©) @ 5
14.00 —o| e
135.00 T-254
145.00
8 ENCLOSURE FASTENER (SHORT): 4-40UNC x 6.4mm SOCKET FLATHEAD SCREW 2
2 TOP/BOTTOM PANEL ALUMNUM, 6061-T6 254mm THK |
QTY PART/ID NO. NOMENCLATURE OR DESCRPTION MATERIAL SPECIACATION  [ITEM NO.

PARTS LIST

DISTRIBUTION STATEMENT: CONFIDENTIAL AND PROPRETARY INFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRIBUTION.

CONTRACT NO. 5 CLARET ASH ROAD

METRIC NAQ-8558 REGEJ CORPORATION LITTLETON. CO 80127
THRD ANGLE PROJECTION PH-2 GLOVE CONTR. TEL/FAX: (303) 932-2186

i APPROVALS | DATE |TITLE
@ ‘g’ TOP/BOTTOM PANELS AND ATTACHMENT HW
o X 200 o SIZE: | DWG. NO.  TDRV2I3 REV. 22 JUNE 93
. =V mm
XXX +0.02mm FNAL: SCALE: LAYER: I3 SHEET: | OF |
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2X 4-40NC x 7mm DEEP MAX
2X 4-40UNC THRU
2X 4-40UNC THRU\

R Yo

-| 10.00
80.00mm

I o @ i S
500+ t—bool-—
75.00
90.00mm
4 ENCLOSURE PANEL ATTACHMENT RALLS ALUMNUM 6061-T6
QTY PART/ID NQO. NOMENCLATURE OR DESCRIPTION MATERAL SPECKICATION ITEM NO.
PARTS LIST

DSTRBUTION STATEMENT: CONFIDENTIAL AND PROPRETARY INFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRBUTION.

CONTRACT NO. 5 CLARET ASH ROAD
METRIC NA9-18558 BEGEJ CORPORATION LITTLETON, CO 80127
THRD ANGLE PROJECTION PH-2 GLOVE CONTR. TEL/FAX: (303) 932-2186
APPROVALS | DATE |[TITLE
@"G ENCLOSURE PANEL ATTACHMENT RAILS
ol X Bt SIZE: [ DWG. NO.  TDRV2I4 REV. 25 APR 93
XXX £0.02mm FINAL: SCALE: LAYER: 14 SHEET: | OF |
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NOTES:
I,

X
2. X
3 X
4 X
ANCHOR GROOVE 14 D x 25 WIDE
16 DIA NOM START OF FLEX AREA
0.9 DIA NOM
O 6.5 DIA NOM
ziu—— le— 26 NOM —
0 -~
LEFT FRONT RIGHT
AMP 212800-3 STRAN RELEF. 89mm MAX CHORD DIA (NEWARK 89F267. vI2. p630) ALT
I |AMP 228001 STRAN RELEF. 65m MAX CHORD DIA (NEWARK 89F266. vI2. p630] |
aTY PART/D NO. NOMENCLATURE OR DESCRPTION MATERAL SPECFICATION __ |ITEM NO.
PARTS LIST

DISTRIBUTION STATEMENT: CONFIDENTIAL AND PROPRETARY INFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRIBUTION.

METRIC

THRD ANGLE PROJECTION

@

TOLERANCES: X +0.Imm
XX *0.05mm
XXX +0.02mm

CONTRACT N. 5 CLARET ASH ROAD
NA9-18558 LITTLETON, CO 80127
PH-2 GLOVE CONTR. BEGEJ CORPORATION TEL/FAX: (303) 932-2186

APPROVALS | DATE |TITLE
STRAIN RELIEF FOR TAXEL CABLE
SIZE: | DWG. NO. TDRV2I6 REV. 2 APR 93
FINAL: SCALE: LAYER 16 SHEET: | OF |
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FRONT VIEW

2 CONNECTOR. IDC. MALE. RT ANGLE WIREWRAP. 64 PINS. DWG: TDRV2102.GCD 3

| |VOLTREX HD-DL78S-RAPC| CONNECTOR. D-SUB RECEPTACLE. RT ANGLE. 78 PNS. DWG:  TDRV2103.GCD 2

| CONNECTOR ADAPTER SUBSTRATE DWG: TDRV2i04.GCD |
QTY PART/ID NO. NOMENCLATURE OR DESCRPTION MATERIAL SPECFICATION ITEM NO.

PARTS LIST

DISTRBUTION STATEMENT: CONFIDENTIAL AND PROPRIETARY NFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRIBUTION.

METRIC CONTRACT NO. S CLARET ASH ROAD
THRD ANGLE PROJECTION ng |865L%VE CONTR. BEGEJ CORPORATION [flgE/LE/IQNisgg) 330|22-2186
@_ _(_} APPROVALS | DATE |TITLE
CONNECTOR ADAPTER FOR DISPLAY DRIVER (48-64TX)
o Xy R sze | DWG. NO.  TDRV200LGCD REV. 28 JUNE 93
XXX £0.02mm FINAL: SCALE: LAYER: MULTI SHEET: | OF 3
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PRESSURE MANIFOLD

MAN INLET PORT\

VALVE
N,

)™\

VALVE WRE
ROUTING PATHWAYS
(BETWEEN VALVES):

~————PATHWAY

~—PATHWAY

-———PATHWAY

~————PATHWAY

~—— PATHWAY

TOP VEW

DISTRIBUTION STATEMENT: CONFDENTIAL AND PROPRETARY INFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRIBUTION.

METRIC

THRD ANGLE PROJECTION

CONTRACT No.

5 CLARET ASH ROAD

+0. mm

TOL: X
XX

X $0.05mm
XXX £0.02mm

m?z_ﬁsgve CONTR. BEGEJ CORPORATION %EITLT/LEIQNC%% 3%2-%86
APPROVALS | DATE |TITLE
CONNECTOR ADAPTER - VALVE NUMBER DESIGNATION
SIZE: DWG. NO.  TDRV200l REV. 28 JUNE 93
FINAL: SCALE: LAYER: MWLTI SHEET: 3 OF 3
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NOTES:
. CLEARANCE UNDER BOARD LIMTED TO Smm MAX (NOT INCLUDING INSULATION).
2. WIREWRAP CONNECTIONS WITH 28-30AWG WIREWRAP WRRE. THEN SOLDER EACH POST.
3. MASS TERMNATE VALVE LEADS NTO DC RECEPTACLE CONNECTORS IN THE FOLLOWNG SEQUENCE:

VALVE [ CONN 2, PINS | AND 2
EI?I(_:VE 22 CONN 2. PINS 3 AND 4

VALVE 32: CONN 2. PINS 63 AND 64
VALVE 33: CONN 3. PINS | AND 2
VALVE 34: CONN 3. PNS 3 AND 4
ETC

VALVE 64: CONN 3. PNS 63 AND 64

4. USE IBAWG SOLID WIRE AS RETURN™ LINE.

DO NOT USE WASHERS ON THE FRONT OF THE FEMALE SCREWLOCKS. AS THE PANEL

THCKNESS IS 150mm.  ALSO. ANCHOR THE SCREWLOCKS WITH A NUT AND LOCKWASHER ON

THE BACK SDE OF THE CONNECTOR (USE BACK LOCKNUT REGARDLESS OF WHETHER CONNECTOR BODY
IS THREADED OR NOTI.

CONNECTOR WIRING:

FROM T0 FROM TO
CONN!  CONN 2 CONN|  CONN 3
[J— 33 |
2 3 34 3
3 5 35 5
4 7 36 7
5 9 37 9
6 —I 38 ]

7 13 39 3

8 i5 40 5
9 7 4 7
10 19 42 9

I 2 43 2l
2 23 44 23
13 25 45 25
14 27 46 27
(ORANGE WIRE TO QDD :2 %lg 3; %?
BROWN WRE TO EVEN) 7 33 49 33
18 35 50 35
19 37 Sl 37
20 39 52 39
2 4 53 4
22 43 54 43
23 45 55 45
24 47 56 47
25 49 57 49
26 5 58 5|
27 53 59 53
28 55 60 55
29 57 6l 57
30 59 62 59
3 6l 63 6l
32 63 64 63

(VALVE)  (ORANGE (VALVE)  (ORANGE

WRE) WRE)

PINS 65 - 78 ON CONN |
RETURN ALL EVEN PINS ON CONN 2
ALL EVEN PNS ON CONN 3

DISTRBUTION STATEMENT: CONFDENTIAL AND PROPRETARY INFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRBUTION

CONTRACT NO.
5 CLARET ASH ROAD
ME TRIC | onsss BEGEJ CORPORATION UTLETON Co /3027
THRD ANGLE PROJECTION PH-2 GLOVE CONTR. TEL/FAX: (303) 932-2186
i APPROVALS | DATE |TITLE
@ - CONNECTOR ADAPTER - WRNG LIST
ToL: §.x ;gg's“:m SIZE: J DWG. NO.  TDRV200I REV. 28 JUNE 93
XXX +0.02mm FINAL: SCALE: LAYER: MULTI SHEET: 2 OF 3
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NOTES:

| ALL HOLES IN PRE-PUNCHED BOARD SHOWN.

4X SLOT 3.05 DA x 20L

/ 3.05 DIA

2.44 DA

18.0mm
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[=3.6= 3.05 DIA
[o—14.0 —e

44 Omm ———

56.8mm

k 244 DA

74.5mm

FRONT VIEW

T T

CONNECTOR ADAPTER SUBSTRATE

I.60TK. 107 D HOLES X 2.54GRD

QTY

PART/ID NO.

NOMENCLATURE OR DESCRPTION

MATERAL SPECFICATION

ITEM NO.

PARTS

LIST

DISTRBUTION STATEMENT: CONFIDENTIAL AND PROPRIETARY NFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRBUTION.

ME TRIC

THRD ANGLE PROJECTION

TOL:@_G

0l rom
XX  #0.05mm
XXX £+0.02mm

CONTRACT NO

' 5 CLARET ASH ROAD

NAQ-i8558 LITTLETON. CO 80127
PH-2 GLOVE CONTR. BEGEJ CORPORATION TEL/FAX: (303) 932-286

APPROVALS | DATE |TITLE
CONNECTOR ADAPTER SUBSTRATE

SIZE: | DWG. NO.  TDRV2104.GCD REV. 28 JUNE 93

FINAL: SCALE: LAYER. 104 SHEET: | OF 2
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NOTES:

DN~
XX X %

O A

ME TRIC

THRD ANGLE PROJECTION

CONTRACT NO.
NAQ-18558

PH-2 GLOVE CONTR.

BEGEJ CORPORATION

5 CLARET ASH ROAD
LITTLETON. CO 80127
TEL/FAX: (303) 932-2i86

APPROVALS

DATE |[TITLE

@

£0] mm
XX 20.05mm
XXX 20.02mm

PWM CONTROLLER BOARD LAYOUT

SIZE:

| DWG. NO.

TDRV2003

REV. 8 OCT 93

FNAL:

SCALE:

LAYER:

SHEET: 1 OF 2




VECTOR 3662-2

CIRCUT BOARD. PREPUNCHED HOLES 2.54mm CENTERS.

DWG TDRV2I7

|

2 | DUPONT 71922464 IDC CONNECTOR. MALE. 64 PIN. RIGHT ANGLE WR (OR PCB).

4 CONNECTOR FASTENER ASSEMBLY: 2-56UNF x 2.7mm PANHEAD SCREW WITH LOCKWASHER AND NUT

| | DUPONT 71922440 IDC CONNECTOR. MALE. 64 PN. RIGHT ANGLE WR (OR PCB). I DWG TDRV2I9 l
4 CONNECTOR FASTENER ASSEMBLY: 2-S56UNF x 2.7mm PANHEAD SCREW WITH LOCKWASHER AND NUT

| [ SPC HD-DL78S-RAPC D-SUB CONNECTOR. RECEPTACLE. 78 PIN. RIGHT ANGLE PC MOUNT | DWG TDRV2K03 I
2 CONNECTOR FASTENER ASSEMBLY: 4-40UNC x 8mm PANHEAD SCREWS WITH LOCKWASHER AND NUT
20 DIP SOCKET. 14 PN DWG TDRVZ2120

8 DIP SOCKET. 1B PN DWG TDRV220

2 |BERGCON 68602-472 HEADER. DUAL. 2.54 CTR. 2X32 POSITIONS DWG TDRV212l

| |BERGCON 68002-436 HEADER. DUAL. 2.54 CTR. IX8 POSITIONS DWG TDRV22l

QTY PART/ID NO. NOMENCLATURE OR DESCRIPTION MATERIAL SPECIFICATION  |ITEM No.
PARTS LIST
CONTRACT NO.
S CLARET ASH ROAD
METRIC NAQ-8558 BEGEJ CORPORATION LITTLETON. CO 80127
THRD ANGLE PROJECTION PH-2 GLOVE CONTR. TEL/FAX: (303) 932-2186
. APPROVALS | DATE |TITLE
@ ‘E‘[ PWM CONTROLLER BOARD LAYOUT
ToL: X *0) mm .
2X s00mm SIZE: | DWG. NO.  TDRV2003 REV. 8 OCT 93
XXX £0.02mm FNAL: SCALE: LAYER: SHEET: 2 OF 2
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FICATION
ATl B LAYOUTS of
PWM VALVE CONTROLLER CIRCUIT BOARD

The following 16 pages contain: (1) the detailed mechanical drawings
indicating the modified components that must be made to install the PCB-version
of the PWM valve controller in the driver modules, and; (2) the electrical
schematics and PCB layout drawings describing the PWM valve controller circuit
board illustrated in Figure 47. A photograph of the final driver configuration that
would be achieved is shown in Figure 50.
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‘f_[_z_L,,:,...:.’/" \, i ir...L it e S0 NN |
4X 160 (CONNECTOR MOUNTING SHOULDERS) 53.0 =t
50.00
472
27.8 —
25.00 ITEM | FRONT PANEL
6X D3.05 THRU 82'CS D6.75 “22‘?6"5"_’ D3i8 SEE NOTE |
0.2 :
527 /
7.70
50.20 <
483 2X D318
wiib; ]
2\ .
l @ © fd S 1 P F“j
N -4
s (X I ® H
S P o ©) \_ [ Y, F
N
(o2
2X DIA2.38
2 [
~ +
@ ©
— > =
~N
- o]
A
2 =
<« »
©
o
N Q
3
| 9 ]
N
©
L——@ N © \
o T—— ® .
~N ]
N
N
v
~N “
xQ
' i r@ © )
Q
2 4500 Lax Fuier ross ol |
57.00 4X FLLET RU9 T - 254
- T460.00-6254 FOR T-254 (SEE NOTE 2) = 2X DI27 SEE NOTE 2

27 + 120.00 = 125.08 FOR T=2.54 (SEE NOTE 2)

ITEM 2

ITEM 3 Ol

NOTES:

IMPART NON-DRECTION FINISH WITH "SCOTCHBRITE™ PAD. THEN BLUE ANODIZE.
2. ADJUST DIMENSIONS AS NECESSARY DEPENDING ON ACTUAL PLATE THICKNESS T.

TDRV3IO-PRTO3 ENCLOSURE FASTENER: 4-40UNC x I/4” FLATHEAD SOCKET SCREW 3

2 | TDRV3IO-PRTO2 ENCLOSURE FASTENER: 4-40UNC x 3/8" FLATHEAD SOCKET SCREW 2

| | TDRVIIO-PRTO FRONT PANEL ALUMNUM. 606I-T6 2.54mm THK |
QTY PART/ID NO. NOMENCLATURE OR DESCRIPTION MATERIAL SPECIFICATION ITEM NO.

PARTS LIST (ONE MODULE)

DISTRIBUTION STATEMENT: CONFIDENTIAL AND PROPRETARY INFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRIBUTION.

METRIC

THRD ANGLE PROJECTION

CONTRACT NO.
NAS9-I8901

PH-2 WAM TACT. DISP.

BEGEJ CORPORATION

5 CLARET ASH ROAD
LITTLETON. CO 80127
TEL/FAX: (303) 932-2186

s,

£0 mm
XX £0.05mm
XXX #0.02mm

APPROVALS | DATE |TITLE
FRONT ENCLOSURE PANEL (NT. PCB PWM VERSION)
SIZE: | DWG. NO.  TDRV3I0 REV. 19 DEC 94
FNAL SCALE: LAYER. 0 SHEET: | OF |
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PCB FASTENER

© O ®

Y

ITEM 2: MANIFOLD SCREW

NOTES:

f=—48.92mm (SEE NOTE 2) —~

. NO WASHERS ARE USED ON MANIFOLD SCREW.

2. STANDOFF HEIGHT SELECTED TO PLACE TOP OF PWM PCB
AT 79.00mm FROM BOTTOM EDGE OF ENCLOSURE.
A PCB THICKNESS OF 1.58mm WOULD RESULT IN A
CLEARANCE OF 3.92mm BETWEEN THE BOARD AND

VACUUM MANFQLD.

/ D3.0

]

Temvase
rrsrraa

c

g
Aravranal
.

[

4-40UNC x 9mm DP

ITEM & PCB STANDOF-

TDRV3I08-PRTO4

PCB FASTENER: SPLIT LOCKWASHER 4-40UNC

TDRV3IO8-PRTOJ

PCB FASTENER: 4-40UNC x 3/8" BUTTONHEAD SOCKET SCREW

TDRV3I08-PRTO2

PRESSURE MANIFOLD FASTENER: 4-40UNC x |/2° SOCKET CAP SCREW

NN D

NN

TDRV3I08-PRTO!

PCB STANDOFF

STEEL

QTY PART/ID NO.

NOMENCLATURE OR DESCRPTION

MATERIAL SPECFICATION

ITEM NO.

PARTS LIST (ONE MODULE)

DISTRBUTION STATEMENT: CONFIDENTIAL AND PROPRIEETARY NFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRBUTION.

CONTRACT NO. 5 CLARET ASH ROAD
METRIC NAS9-1890I BEGEJ CORPORATION LITTLETON. CO 80127
THRD ANGLE PROJECTION PH-2 WAM TACT. DRV. TEL/FAX: (303) 932-2186
6 APPROVALS | DATE |TITLE
PCB STANDOFFS (NTERNAL DRIVER VERSION)
ToL: X *0J mm .
X% womm SIZE: | DWG. NO.  TDRV3(08 REV. 17 NOV 94
XXX +0.02mm FINAL: SCALE: LAYER: 108 SHEET: | OF |
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TOP VEW

VALVE LEAD ROUTING PATHWAYS-\ /PLUG UNUSED VALVE PORTS (4)

NOTES

I SOLDER ONE LEAD (E.G. BROWN) OF EACH VALVE TO VALVE CASE.

B

s e

PIN O

0o o0DoccOOcCOGCON0O0OO0O0O0NOcOcCO0ODOORNGCOOCGcOO0OAQOD
0O 0o o0oBoococO0OcOcaoaOooOo0GgOoocoOocO0acaoonfooOooao

[§

PIN
/ 63

CONNECTOR  J |
(FRONT VIEW)

2. MASS-TERMNATE REMAINNG VALVE LEAD (E.G. ORANGE) NTO 2X32 DC RECEPTACLE CONNECTOR ( J | )
VALVE Ol TO J IO
VALVE 02 TO J I-02

ETC

VALVE 64 TO J I-64

3. SPARE VALVES 65-68 ARE USED AS NEEDED BY DISASSEMBLING J | REMOVING THE LEAD FROM THE DEFECTIVE
VALVE. AND INSERTING THE LEAD FOR THE SUBSTITUTE VALVE IN ITS PLACE.

4. FOLD CABLE OVER VACUUM MANIFOLD AND MATE J | WITH HEADER P2 ON PWM PCB.

DISTRBUTION STATEMENT: CONFIDENTIAL AND PROPRETARY NFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRBUTION.

METRIC

THRD ANGLE PROJECTION

04 mm
X *0.05mm
XXX +0.02mm

TOL: X
XX

CONTRACT NO. S CLARET ASH ROAD
S e oacr oy | BEOES CORPORATION TEL/FAX (509) 952286
APPROVALS | DATE |TITLE
VALVE LEAD TERMINATION (68 VALVES. 64 TAXELS)
SIZE: [ DWG. NO.  TDRV300 REV. 17 JAN 95
FINAL: SCALE: LAYER: MULT SHEET: | OF |
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2X D2.44
57 /

/ 4X D318

& / s
® ]
103.7
RIGHT
107 Omm TOP VEW VIEW
985 |
®
2544 |, g
@ -
I 4 1]
370 L
©
458
285
‘ o—t— i
85 i
35 O 1 ol
{ 19
86
59.0
66.0mm
FRONT VIEW _L
| I _f.l.58 NOMNAL.
| | TDRVII4Q0-PRTOI PWM CONTROLLER/DRIVER PCB. DESIGN No. VALCTRL4 VERAH 1.58mm thick |
QTY PART/ID NO. NOMENCLATURE OR DESCRIPTION MATERIAL SPECIFICATION ITEM NO.

PARTS LIST (ONE MODULE)

DISTRBUTION STATEMENT: CONFDENTIAL AND PROPRETARY INFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRIBUTION.

ME TRIC

THRD ANGLE PROJECTION

&

+0l mm
XX £0.05mm
XXX #0.02mm

CONTRACT NO. S CLARET ASH ROAD
NAS9-1890H LITTLETON. CO  80i27
PH-2 WAM TACT. DRV. BEGEJ CORPORATION TEL/FAX: (303) 932-2186

APPROVALS | DATE
PWM CONTROLLER DRIVER PCB
SIZE: | DWG. NO.  TDRV3H40 REV. 17 JAN 95
FNAL: SCALE: LAYER: 140 SHEET: | OF 3
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DISTRIBUTION STATEMENT: CONFIDENTIAL AND PROPRETARY INFORMATION. NOT FOR PUBLIC RELEASE. RESTRICTED DISTRIBUTION.

CONTRACT NO.
5 CLARET ASH ROAD
METRIC NAS9-890) BEGEJ CORPORATION UTTLETON. CO 80127
THRD ANGLE PROJECTION PH-2 WAM TACT. DRV. TEL/FAX: (303) 932-2186
_6_ APPROVALS DATE |TITLE
PWM CONTROLLER/DRIVER PCB: SMT LAYOUT
TOL: X 0l mm .
XX Oomm SIZE: | DWG. NO.  TDRV3I40 REV. I7 JAN 95
XXX +0.02mm FINAL: SCALE: LAYER: 140 SHEET: 3 of 3
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Begej Corporation  (3@3) 932—2186
5 Claret Ash Rd. Attn: Gordon White
Littleton, CO B2127 PN VALCTRL4
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Silk Screen

Top Assembly Dwg.
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Size Number Rev
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A B | C D
0.224° Begej Corporation  (3@3) 832—21B6
(5.7) 5 Cloret Ash Rd. Attn: Gordon White
e Littleton, CO B@127 PN VALCTRL4
(197.8)
(1537) T
' + -+, - 3
e ok F S % —Gsas)
%ﬁx T XXXXXXXXXK + v g
X+ YY| &
X Ty g + 4+ Y| o8
8K 4 T 1 WIEES
FABRICATION NOTES: L XOOKNINK + + WL
. WO b rinz
2.) .'1202 ffinisneg copper oul.;ter signal layers X§X>< + +¢ + T+t ¥¥
oz finished copper all inner layers KL sXXKXKKK 4 =
3.) SMOBC Construction §x§x £ W SICOUNTISEE NS TOLERANCE
4,) 6@/4@ Lead Tin over exposed Copper | &%+ F T $i Y$ + | 161| e.e2e
5.) Soldermask = LP! XL + £#1 F g 15| 68 apml i
6.) Silkscreen = Yellow Epoxy Ink &K XYXAKKXXAXKX  + + ¥$ T 6] @.125|+\— .8@3
7.) UL 94v—-0 A - + $¢ Y Yl
8.) Stackup is as follows sy |+ F+ T+ Y'Y
L1 = Companent side - XXXXXXKXKK  + + ™
L2 = Mid 1 Y D' 4= g YV
L3 = Gnd Plane o + k4 Y
L4 = Pwr Plane : X oy F+ T F+ $¢
L5 = Mid 2 e
L6 = Solder Side (8.0 SOOI |
9.) Finished Thickness .262 ki A YYl<
y . F+ +F4 Yyl 3
1@.) Cover all Vias Uy YY E
Yy TXHXXX XXX+ + Yy 3
i N - - 1’ Yy =
Y, i d -
'c':‘gzl [ 00000000 + 4
o )
5 = 5
Drill/Fab Dwg
Title
PWM CTRL and VALVE DRIVER
Size Number Rev
A VALCTRL4 —-01
Date Wed Oct 85 1994 Drawn by ABD
Filename VALCTRL4.PCB Sheet of
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061

0sC
P1
1 +24MAIN
2 7
3
T
5 VR1
(S 1 vob3 +12L0C
7 < G
B 3 LM340-12T8 3
g h 2 04
- NI
DBIM a3
Al
GND —

OND =

POWER/OSCILLATOR INTERFACE

J1:65

5
SCSI68F
:6
J1:66 66
SCSI68F
J1:67
67
SCSI68F
J1:68
SCSIB8F
GND —

SYSTEM GROUND PINS

1.

2.

PRINCIPAL OBJECTIVE IS TO REDUCE BOARD LENGTH (MAX L = 78.0mm)

SURFACE MOUNT DEVICES:
LM324D (S0IC)

UDN2882LW (S0iC)
C1 TO C24: BYPASS CAPS

PCB NOTES:

THE FOLLOWING COMPONENTS REQUIRE THRU—-HOLE MOUNTING:
Jt

2@: SCSI-68 CONNECTOR
P10@: DBIM CONNECTOR

3.

4.

5.

VR1: 1M432 12v REGULATOR, T0—220 PACKAGE
RSIP1 — RSIPB: SIP RESISTORS (NOTE: 6—PIN SIPS ALTS?)

P1 — PE4: 2X32 HEADER STRIP
ALL IC*s MUST BE LOCATED ON FRONT OF THE BOARD FOR COOUING PURPOSES.

ALL OUTPUT DRIVER LINES (UDN2982) MUST BE ABLE TO CARRY A MAXIMUM

CURRENY OF 120ma .

THE FOLLOWING NETS SHOULD BE PLACED ON INCIVIDUAL PCB LAYERS:

+24MAIN

GROUND

J65 V65
=T 1M VAC
TERMF g1 Ine TAXEL
2
= TFRES
VALVE 3WAY
66 V66
I 1 1 8 JVAC
TERMF q] itc j»TAXEL
2
= PRES
VALVE3WAY
467 V67
[ 1 1 LVAC
TERMF (:t INC TAXEL
= TPRES
VALVE 3WAY
J68 V68
L 1 1 JVAC
TERMF 2 q c TAXEL
= PRES
VALVE3WAY
J69 V69
- ! &
TERMF ) (:E ES»TAXEL
PRES
VALVE 3WAY
J70 v7e
( 1 i _IVAC
TERMF ) (:E 'Nc TAXEL
= TPRES
VALVE 3WAY
J71 V71
== h] 1 VAC
3
PRES
VALVE 3WAY
72 V72
I ! 1 1 VAC
TERMF , (:ﬁ muxn
— Fores
VALVE SWAY
GND —
SPARE VALVES

Title:

PWM CTRL and VALVE DRIVER:

interface (PCB ver)

[ Dwg: VALCTRLA.S01

[ sheet 1 0f 9

[ Date: 15 SEPT 24 By: GKW

BEGEJ CORPORATION

IC\OSSificotion: CONFIDENTIAL AND PROPRIETARY INFORMATION.

I Distrib:

INTERNAL ONLY. NOT FOR PUBLIC RELEASE.
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+24MAIN

CONNB4M J1A vi
+1210C | S 1 VAC
QSC. P2:1 TERMF . c ES»TAXEL
2
= PRES
> VALVE3IWAY
o
4 © 4
2 \ UT:A U3:A =S 2| U2:A u3B v
E M CONN64M J2
1 1 18 s 1 2 17 2 —— i \VAC
A INO1 3 3 P2:2 TERMF a1 e TAXEL
= yW LM324J UDN2981A + tM324) UDN2981A 2
SCSI68F 1 —2 veonp—12 1 PRES
1 1 VALVE3WAY
0. Tuf) 5oV i I l CONNBAM 3 v3
o Ay GND = 3 ! 1 LVAC
Ji:2 C1 2.1uF Sev
C>—-2 INQ2 P2:3 TERMF , a1 e TAXEL
SCSI68F — PRES
VALVE3WAY
13 |2 Ut u3:c 13 |3 U2:D u3D
1 . CONNG4 J4 V4
14 3 N 16 14 4 ,|> 15 4 {035‘“ i vac
J1:3
INO3 12 12 P2:4 TERMF ne TAXEL
7J + LM324J UDN2981A + LM324 UDN2981A 2 C -
SCSIE8F — "PRES
VALVE3WAY
CONNB4M J5 V5
f } 1 JVAC
1:
A S INO4 P2:5 TERMF ., NC TAXEL
SCSIE8F = PRES
VALVE3WAY
6 | . U3E 6 | . U3F
ui:B U2:8
CONN64M J6 vé
7 s N 14 7 s N 13 g N6 — 1 VA
J1:5
5 INOS 5 5 P2:6 TERMF TAXEL
L t 7 + LM324) UDN29814 + M324y UBN2981A ) C:E e
SCSI68F Tores
VALVE3WAY
CONNB4M J7 v7
7 1 VAC
Ji: ¢ =
[ 6} 6 - IN £2:7 TERMF a1 e TAXEL
SCSIE8F = —Frres
VALVE3WAY
g 1> . UG g > U3H
ut:e v2:c
CONNB4M J8 ve
8 7 >~ 12 8 8 > 1 :O ) 1 VAC
S7 IN®7 10 12 P28 TERMF TAXEL
* LM3249 UDN2981A * LM324) UDN2981A 2
SCSIBBF PRES
VALVE3WAY
, BSP
INO 1 7 GND =
NeI | 3
J1:8 4
[ - INOE
SCSIEBF 7
T —3
.l
10eK
GND =
- - - > S - pp———— - = P
Title: PWM CTRL and VALVE DRIVER: CH 1-8 (PCB ver) Dwg: VALCTRL4.502 [ Sheet 2 of © [ Dote: 15 SEPT 94 [ By: GKw

BEGEJ CORPORATION

Classification:

CONFIDENTIAL AND PROPRIETARY INFORMATION.

IDistrib: INTERNAL ONLY. NOT FOR FUBLIC RELEASE.
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+ 2 SMAIN

J Ve
1700 CONNB4M o . e
0sg P2:9 TERMF l:t TAXEL
2
PRES
> VALVE3IWAY
4 3
- Us:A uBA W=y 2 N usa ue:s vio
= 4M Jd1
1 1 ™8 ; i 2 ™17 19 W6 o ) vac
J1:9 2 |~ = ] [ +
g ; 9 P2:10 TERMF
{ 12 N9 2 T LM324J UDN2981A S+ LM324y UON29B1A 2 g e
SCSIBBF 1 S yeenp—'2 = PRES
1 VALVE3WAY
9147 50V e"jFLSQVJ l . it
Iy 1l GND = 11 CoNNaAM I L 1 1 {VAC
J1:10 C4 cé }
0 , 10 iN1Q P2:11 TERMF X d1 I TAXEL
SCSI68F PRES
VALVE3WAY
13 D . us:C 13 D . UB:D
U4 Us:D
NNE4M J12 vi2
14 3 16 14 4 [~ 15 12 @ I ! 1 WVAC
Ji
11 INT1 12 1 P2:12 TERMF TAXEL
[ 3 + LM324J UDN2981A 2+ LM3249 UON2981A 2 :ElNCH
SCSie8F = TPRES
VALVE3WAY
CONNB4M 313 Vi3
13 ¢ ) C 1 1 NAC
J1:12 b d
I 12 IN12 P2:13 TERMF L, q NC TAXEL
SCSIE8F = TPRES
VALVE3WAY
6 | . UB:E 6 - . Ue:F
u4:8 Us:8
NN64M J14 vi4
7 5 [~ 14 7 6 ™~ 13 14 clo 8 1 1 LVAC
Ji:13
13 IN13 P2:14 TERMF Tax
[ 3 5t LM3240 UDN2981A S+ LM324J UDN2981A 2 q5 e &
SCSI68F =
VALVE3WAY
15 CONNB4M J15 . vid e
J1:14 = 1] [ }
} 14 IN14 P2:15 TERMF 2 ﬂ TAXEL
SCSI68F PRES
VALVE3WAY
9 |- . U6:G k] \ . UB:H
U4 Us:C
CONNB4M 416 V16
8 7 >~ 12 8 8 ™~ 11 16—~ — 1 \VAC
J1:15
15 IN15 12 10 P2:16 TERMF I TAXEL
T * LM324J UDN2981A * LM324J UDN2981A 2 g N
SCSIBBF =4 5
VALVE3WAY
, [RSP2
99 7 GND =
NTT I
Ji:16 1 2
16 N6 3
SCSI68F —7
75
3
T
180K
OND =
Title: PWM CTRL and VALVE DRIVER: CH 9-16 (PCB ver) [ bwg: VALCTRL4.S@3 [ Sheet 3of 9 [nate: 15 SEPT 94 [ By: Grxw

BEGEJ CORPORATION

iC\ossificotion: CONFIDENTIAL AND PROPRIETARY INFORMATION.

Ji)istrib:

INTERNAL ONLY. NOT FOR PUBLIC RELEASE.
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+ 24MAIN
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