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Introduction
The James Webb Space Telescope (JWST) will
carry four scientific instruments, one of them is the
Near-InfraRed Imager and Slitless Spectrograph
(NIRISS). It is an instrument within the Fine
Guidance Sensor (FGS), but is functionally
independent. NIRISS enables imaging and grism
spectroscopy, with a capability for exoplanet
detection by use of a Dual Wheel Mechanism
(DWM). The DWM consists of Pupil Wheel (PW)
and Filter Wheel (FW), independently driven by
stepper motors with a single stage planetary
systems with a speed reduction ratio of 9:1.
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Problem Statement

Results

The lubrication of the DWM gears is accomplished by
use of Nano composite sputter deposited MoS2
coatings. After completion the mechanism was in
storage for nearly 4 years. It was unclear as to what is
the effect of exposure to humidity on the lubrication
performance of the MoS2. This investigation deals
with use of a VRR at GRC to study the tribological
performance of MoS2 coated gears and study the
effect of degradation of MoS2 on the performance of
Dual Wheel Mechanism. The goal is to run the gears
in vacuum environment and establish tribological
responses that change as the coating wears out, and
to determine the number of cycles it takes to wear the
coating. X-ray Photoelectron Spectroscopy is used to
measure the conversion of lubricating MoS2 to nonlubricating MoS3 resulting from exposure to humidity.

To date 7 out 12 planned tests have been
completed during which normal force, axial thrust
force, and tangential force on the rotating gears
as well as the normal displacement of the gears in
the radial direction measured by an LVDT have
been recorded together with their corresponding
standard deviations. Results of the 5 tests that
were tested right after removal from the sealed
bag are shown below, labeled as 1-A, 2-A,….5-A.

Vacuum Roller Rig
The PW and the FW each contain nine elements
that are combinations of masks, filters, and grism
to provide various observing modes for NIRISS.
The PW has seven coronographic masks and
two calibration elements, and the FW has 8
blocking filters and one spare. The DWM must
operate at both room temperature and at 35K.
Successful operation at 35K comprises
positioning each optical element with the
required repeatability, for several thousand
occasions over the 10-year mission.

A Vacuum Roller Rig (VRR) shown below was used in
this investigation. It’s hardware consists of a vacuum
system capable of producing <3x10-7 Torr, a driving
motor, a brake, and a turntable to provide alignment of
gears. It has the capability to measure tangential,
radial and axial loads on the gears as well as gear
torque. During the test surface condition of the gear
teeth was recorded using a digital video recorder, and
a high-resolution high-speed camera taking still
photos at 12-minute intervals.

Materials and Methods
Background
Development and acceptance testing of the
geared motors and bearings of the Dual Wheel
Mechanism at the cryogenic temperature was first
done by Lecki and Ahmed [1]. Based on their
findings that the bearing system could be
adversely affected by the large temperature
gradients, design improvements were made. With
the reconfiguration of FGS to accommodate
NIRISS reliance on extension of DWM lifetime,
reliability of DWM became an elevated criticality.
To address this concern, Gibson et al. conducted
lift-test investigation of DWM gears in cryogenic
atmosphere, and found that the FW ring gear
MoS2 coating was completely worn off on some
tooth flanks as shown below [2].

THK gears with 26 teeth on the pinion and 48 teeth on
the gear were coated with 1-3 micrometer thick MoS2
coated at Homan Plating and vacuum sealed. Just
before the test gears were removed from the vacuum
seal, weighed, photographed, and installed in the VRR
with minimum time of exposure to atmosphere. Gears
packed and mounted on the rig are shown below.

Conclusions
Each of these responses in addition to the 12minute interval timed photos and videos have
been examined. Among the output responses
measured standard deviation appears to be the
best response for identifying the progression of
the wear of MoS2 coating with increase in
number of gear rotation.

Future Directions
The remaining 5 experiments will be completed
during the next 3 weeks and the gears examined
under SEM, and XPS analysis will be conducted
to determine if there was any change of the
lubricating MoS2 coating to non-lubricating MoS3.
The final report will include these results.
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In response to the concerns regarding how MoS2
exposure to humidity during storage would affect
performance of DWM, a Pin-on-disk friction study
was conducted with coatings stored in 59% RH.
Results from this study showed that the
endurance of the MoS2 coatings dropped
significantly with exposure to 59% humidity [3].
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