DEVELOPMENT OF THE JEM ICSANTENNA POINTING SYSTEM

Author:
Jess Stevenson, M anager, M echanical Engineering (SM D)
MOOG Schaeffer Magnetics Division (SMD)

21339 Nordhoff St., Chatsworth, CA 91311
(818)341-5156, FAX (818)341-3884, E-mail: jstevenson@sch.moog.com
Co-Authors:

Y. Katsuyama, Senior Manager, NEC Corporation
A. Fukatsu, Assistant Manager, NEC Corporation
K. Kurihara, Assistant Manager, NEC Cor poration
T. Saito, Mechanical Engineer, NEC Corporation
Mitch Zoren, Director of Programs, JEM ICS Program M anager (SM D)
Steve M allonee, JEM ICS Project Engineer (SM D)

LATCHING MECHANISM) -
{(LAUNCH LOCK)
DEPLOYED POSITION

STOWED POSITION

Figure 1. JEM ICSEF Antenna pointig system for the International Space Sation

ABSTRACT

MOOG, Schaeffer Magnetics Division (SMD) received
a contract from NEC Corporation to develop an antenna
pointing system with associated launch restraints and
electronics used to relay information to the Data Relay
Test Satellite (DRTS) from the International Space
Station where the JEM ICS islocated.

This project is titled: Japanese Experimental Module -
Inter Orbit Communication System - Exposed Facility
Subsystem (JEM ICS-EF).

The assembly was a combined effort between MOOG

SMD and NEC with MOOG supplying the launch
latching, deployment, antenna pointing system and drive
electronics. NEC will be supplying the main structure,
antenna and processing electronics.  Initial system
integration was performed at SMD, with final antenna
and overall structure integration performed at NEC. The
minimum life of the equipment is four years of ground
storage and 10 yearsin orbit. Specia consideration was
given to the EVA requirement to deploy and stow the
antenna system without power. An overall view of the
JEM ICSisshownin Figure 1.



1. TYPICAL ACTUATOR DESIGN

All actuator designs are representative of several
qualified Moog SMD concepts. Some distinguishing
characteristics are:

* Motor designed specifically for the application,
resulting in close integration of motor and
transmission.

e Compact, coaxial design.
e Minimum parts count (single pass transmission).
e Spaceflight qualified materials.
Efficiency and weight savings are realized in a tightly
integrated actuator package designed specifically for
spaceflight. The example shown in Figure 2 is a rotary
incremental actuator consisting of a unique small-angle
stepper motor driving a large output flange through a
Harmonic Drive speed reducer. The design forms the
basis for the entire Moog SMD series of rotary
incremental actuators.
Use of the harmonic drive principle for speed reduction
has proven to have many benefits in spaceflight actuator
designs. The input and output of the device are coaxial
which allows a close integration of the motor and the
speed reducer. The resulting package is symmetrical
and coaxial. Because of the high reduction ratio in a
single pass, parts count is minimized. The multiple
intermediate shafts and high bearing loads typical of
spur gear reducers are not present. Mounting of the
package is simplified by its symmetry.
In characterizing the actuator from an input-output
"Black Box” standpoint, it can be thought of as a
transducer for converting power (with impressed
intelligence from the drive circuit) into mechanical
motion. The output or the motor side of the actuator can
be modified to accept position feedback devices such as
potentiometers, encoders or resolvers.
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Figure 2: Typical MOOG SMD Sepper motor
actuator configuration

2. APM - ANTENNA POINTING MECHANISM

A two-axis gimbal using SMD-designed Type 3 stepper
motor actuators with 160:1 harmonic drives capable of
dewing at a maximum rate of 400 pps (3.4 degrees/sec)
with range of motion of 125 degrees in the X axis and
181 degreesinthe Y axis.

A single speed resolver capable of establishing output
position accuracy to 0.022 degrees is installed on each
axis. The APM is located at the end of the boom and
will provide two degrees of freedom for antenna
steering. The end of each range of motion contains a
mechanical hardstop capable of withstanding continuous
maximum actuator rotation loads. A stainless steel tang
is located at the end of the APM-X actuator which is
used to interface the LM during launch and stow for
return to earth, if necessary. Both APM-X and Y axes
contain EVA access to manually rotate the pointing
mechanism to the stow position if needed.

The required minimum life rotations on the motor
bearings was approximately 20 million revolutions and
Pennzane X2000 was selected as the overall system
lubricant. A cable management system was developed
to route the motor and antenna cables to the electronic
modules. Rotary waveguide joints (CFE) were used at
al rotating actuators in the APM and DM to carry RF
energy from the antenna to the electronics.
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Figure 3: APM hardware configuration

Parameter APM-X APM-Y
Range of motion -75/+50° -136/+45°
Actuator type MOOG SMD type 3
Motor step angle 1.5°
Harmonic Drive Ratio 160:1
Output step angle 0.009375°
Max slew rate 400 pps (3.75°/sec)
Track rate 8 pps (0.075%/sec)
APM Weight 45Kg (w/o cables & CFE)

Table 1: APM Performance parameters



3.0DM/DLM —DEPLOYMENT
MECHANISM/DEPLOYMENT LATCH
MECHANISM

The DM utilizes a MOOG SMD-designed Type 5
actuator with a 200:1 harmonic drive. This actuator is
used to raise and lower the antenna boom assembly. The
DLM uses a MOOG SMD-designed Type 2 actuator
with a 100:1 harmonic drive. The DLM is used to latch
the DM when the antenna boom assembly is in the
deployed position. A unique over center design (see
Figure 4) was produced to drive the output rotating
member of the DM against the hard stop to lock the
boom into the final deployed position.

Figure 4: DLM Over center latch mechanism shown in
the latched and unlatched position

Figure 5: DM/DLM hardware assembly

A positive indication of Stow/Deploy and Latch/Unlatch
condition is provided by Hall effect devices tripped by
magnets located on the dliding and rotating members of
the mechanisms.

The DM/DLM have a required minimum number of 40
actuations during the life of the system. A rotary
waveguide assembly is attached to the side of the DM
and rotated with the output to carry RF energy from the
antenna.

The DM/DLM is aso equipped with 7/16" hex EVA
feature which will directly access the motor rotor for
each actuator. Using this drive the astronaut can raise
and lower the boom and latch and unlatch the DM with
no power applied to the system. Visual indicators
provide positive feedback when the actuators are in the
proper locations. Although the life requirements did not
mandate it, both the DM and DLM are lubricated with
Pennzane X2000 for system compatibility.

Parameter DM DLM
Range of motion 143° 92°
Actuator type SMD type5 | SMD type 2
Motor step angle 1.5° 2.0°
Harmonic Drive Ratio 200:1 100:1
Output step angle 0.0075° 0.020°
Operating rate 128 pps 128 pps
(0.96°/sec) | (2.56%sec)
DM/DLM Weight 5.9Kg (w/o cables & CFE)

Table 2: DM/DLM Performance parameters
40LM - LAUNCH LOCK MECHANISM

The LM is used to lock the antenna boom assembly into
the stowed position during launch in the Space Shuttle.
The LM utilizes a MOOG SMD designed Type 2
actuator with a 100:1 harmonic drive. The stepper
motor actuator trandates a lead screw into linear motion
to capture a locking feature located on the APM. A
positive indication of Latch/Unlatch condition is
provided by Hall Effect Devices tripped by magnets
located on the linear member of the slide mechanisms.
The LM aso contains an EVA drive mechanism. The
7/16" hex EVA bolt engages a spring loaded 3X
multiplier gear that drives the motor rotor. Due to the
large number of rotations required to extend and release
the latch, atime limit problem would have been an issue
without the 3X multiplier. The visual indicators provide
feedback to the astronaut during the EV A operation.









