
Cryogenics
and Fluids

Branch

Vibration-Heating in ADR Kevlar 
Suspension Systems

Jim Tuttle1, Amir Jahromi1, Ed Canavan1, Michael DiPirro1, 
Mark Kimball1, Peter Shirron1, Chloe Gunderson2, Jacob 
Nellis2

1NASA Goddard Space Flight Center, Greenbelt, MD USA
2Department of Mechanical Engineering, Univ. of Wisconsin, 
Madison, WI  USA

1

https://ntrs.nasa.gov/search.jsp?R=20190027562 2019-12-26T11:17:14+00:00Z









Cryogenics
and Fluids

BranchTesting Approach

• Assume that similar Kevlar heating can be seen at in a 4 K cryostat 

• Suspend a dummy mass in nearly identical configuration to that of lab 
CADR’s stage

• Install a tiny thermometer at the midpoint of one Kevlar support leg

• Install heaters and thermometers on frame and suspended mass close to 
the Kevlar leg with the sensor

• Induce vibrations in the system and measure amplitude of mass motion 
relative to support frame

• Measure drop in suspended mass controlling power; see if it correlates 
with rise in Kevlar midpoint temperature according to uniform heating 
assumption
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BranchTest Assembly
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BranchReconfiguration
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Test rig mounted above 4 K cryostat cold plate
LakeShore bare-chip Cernox 
sensor on Kevlar
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BranchAdd Displacement Sensors

9Test rig with Attocube position sensors

• We purchased 3-channel Attocube 
IDS3010 displacement sensor

• Fiber-optic system measures 
distance from sensor head to a 
reflecting surface @ 1MHz

• Mounted 3 heads on support 
frame aiming at retro-reflecting 
tape on dummy mass

• Began with one vertical and two 
horizontal displacement channels

• Applied vibrations with external 
transducer; measured motion of 
mass relative to frame 
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BranchData vs. Vertical Deflection
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• We calibrated the dummy mass vertical deflection for each data point
• Data suggest onset of “Belleville heating” at ~ 1500 nm deflection 
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BranchStructural Analysis
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• Analysis found dummy mass tilting modes at 94 Hz
- Belleville/Kevlar stiffness uncertainties could explain 128 Hz mode seen
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