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Company History

Strong History of Growth, Stability, and Values

Established in Buffalo, NY in 1942 Today - 21 Locations Nationwide



Full Line of Performance Plastics

Sheet Rod & Tube Films Fabricated Parts

Tapes, Fabrics & Belts Adhesives & Sealants Prototyping & Tooling Tubing & Hose
Materials



CTQs for Polymers in Spacecraft Applications



CTQs for Polymers in Spacecraft Applications

Thermal Properties

* The ability to operate reliably in a space environment with a
temperature range of -150 °C to 130 degrees °C

* The ability to operate at elevated temperatures when used in
rocket engine applications

* Dimensional stability including a low and consistent rate of
thermal expansion and contraction

* Ductility and moderate modulus at cryogenic temperatures

* Low thermal conductivity for thermal insulators.

* High thermal conductivity to manage heat in electronics.



CTQs for Polymers in Spacecraft Applications

Mechanical Properties

« Sufficient mechanical strength and durability to
withstand the stresses associated with launch

* Vibration damping characteristics for sensitive
optics and electronics

* Good sealing characteristics
* Moderate modulus

* Low friction and moderate modulus for consistent
actuation torque when used in spacecraft valves

 Compressive creep resistance

e Stress relaxation resistance



CTQs for Polymers in Spacecraft Applications

Tribological Properties (Friction and Wear)

* Low friction against a wide variety of metal counterface materials
* Long wear life

* Low wear on mating metal parts

* Low particulate generation

* Excellent friction and wear properties at
elevated temperatures

* Excellent friction and wear properties at
cryogenic temperatures

* Excellent friction and wear properties in vacuum conditions



CTQs for Polymers in Spacecraft Applications

Chemical, Environmental, and Electrical Properties

* Resistance to solvents, propellants, and other corrosive
chemicals

* Low outgassing in vacuum

* Resistance to radiation from sources both internal and external
to the spacecraft

* Resistance to erosion from atomic oxygen

* Excellent flammability characteristics including compatibility
with LOX (liquid oxygen), GOX (gaseous oxygen), and hydrogen.

* Low dielectric constant and low dissipation factor throughout a
broad range of temperatures and frequencies when used for
spacecraft antenna radomes

* High dielectric strength when used as an insulator



CTQs for Polymers in Spacecraft Applications

A history of successful use for
spaceflight applications NASA

Technical

contributing to a high Technology Memmorandum
Readiness Level

NASA TM - 86456

TESTING AND EVALUATION OF VESPEL UP TO 450°F
WHEN USED IN NUTS AND BOLTS AS A SELF-LOCKING
ELEMENT

By Carl M. Wood

Materials and Processes Laboratory
Science and Engineering

August 1984

Source: Wood




Thermal Properties



Operating Temperature Range

Mechanisms need to function throughout their operating
temperature range



Operating Temperature

e Change in modulus

 Change in elongation / ductility

* Creep / stress relaxation behavior
* Thermal expansion and contraction

* Degradation



Operating Temperatures

Source: Schram, 1973 Note: Strain rate mimics temperature



Flexural Modulus and Temperature

Source: Hechtel, 2014



Storage Modulus and Temperature - DuPont™ Vespel®

Source: Wingard, 2013



High Temperature Capability

Source: DuPont

Approximate Time to 50% Reduction inTensile

Strength vs. Temperature

Temperature, °C

450
400
350
300
250
200
150
100

50

| 1
| 1
1 1
| 1
| 1
| 1
| 1
| 1
] 1
| 1
| 1
] 1
| 1
m— SCP-5000 | I
e SP-1 : ;
| 1
| 1
| 1
| 1
T 1
1 10 50 100 170 1000
Time, hr

10000




High Temperature Capability

Source: Wingard, 2013



Low Temperature Ductility of 30% Glass Filled PEEK
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Low Temperature Ductility of DuPont™ Vespel®
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McDonald, P. & Rao, M. (1987). Thermal and mechanical properties of Vespel® at low temperatures.
Proceedings from the International Cryogenic Materials Conference, Saint Charles, IL, 14-18 June, 1987.



Moderate Modulus of DuPont™ Vespel® at Cryogenic Temps

Lewis, G., Merot, P., & Matoux, J. (2015). High performance polyimide parts can help reduce actuation torque
and improve sealing in cryogenics ball valves for LNG (Liquid Natural Gas) applications. Presented at the AMI
International Conference on Oil & Gas Non-Metallics. London. December 8-10, 2015.



Ductility of PCTFE - Varies Depending on Processing

Processing (extrusion,
compression molding,
etc.) is very important

* Residual stress
* Molecular weight
* Crystallinity

Source: Schram, 1973



Combined Effect of Moderate Modulus and Low Friction
onh Torque to Actuate a Valve at Cryogenic Temperatures

Lewis, G., Merot, P., & Matoux, J. (2015). High performance polyimide parts can help reduce actuation torque and
improve sealing in cryogenics ball valves for LNG (Liquid Natural Gas) applications. Presented at the AMI International
Conference on QOil & Gas Non Metallics. London. December 8-10, 2015.



CTE of PTFE

Source: Kirby
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Low and Consistent CTE of DuPont™ Vespel® Polyimide

Thermal
expansion of
Dupont™
Vespel® SP-21

Source: Lewis




Low Thermal Conductivity at Cryogenic Temperatures
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High Performance Silicones for Spacecraft Electronics

e High thermal conductivity, while retaining electrically
insulative properties, to prevent excessive heat buildup in
high power density devices

e Low outgassing grades for spacecraft applications

e Wide operating temperature range, from -175 °F to 500 °F
continuous use

e Qutstanding adhesion to a variety of substrates

e Low modulus to address thermal expansion mismatch
without damaging electronic components

e Elastomeric behavior to prevent damage from vibration
and fatigue

e Grades available with low dielectric constant and low
dielectric loss for antenna applications

e Optically transparent grades available



Mechanical Properties



Creep

Source: Hechtel, 2014



Stress Relaxation

Tensile stress relaxation curves for PTFE held at constant strain

Source: DuPont



Creep and Stress Relaxation of DuPont™ Vespel® Polyimide

Creep Stress Relaxation

Source: McDonald, 1987



Vibration Damping Characteristics

CHARACTERIZATION OF HIGH TEMPERATURE
POLYMERIC DAMPING MATERIALS

Richard P. Chartoff, Ival O. Salyer, Michael L. Drake

UNIVERSITY OF DAYTON RESEARCH INSTITUTE
300 COLLEGE PARK AVENUE
DAYTON, OHIO 45469

January 1983

MATERIALS LABORATORY

AIR FORCE WRIGHT AERONAUTTCAL LABORATORIES
AIR FORCE SYSTEMS COMMAND

WRIGHT-PATTERSON AIR FORCE BAC®E, OHIO 45433

of fillers, plasticizers, and polyblendirg. A number of polymexs and Source: Chartoff, 1983
polymer formulations were identified .hat have the potential for

effective vibration damping within the temperature range 300°F (149°C)

to 700°F (371°C). Further work on the application of thesc materials

in structural damping treatments was recommended.”



Case Study - Centering Rings for Space Camera

RETAINING RINGS TANGENT SPACERS

VESPEL SP1 SPACERS

SO urce: Fo rd Figure 7. Vespel SP1 Centering Ring for Concave Lens Elements



Tribological Properties (Friction and Wear)



Friction and Wear

* “Wear” is a complex behavior
* A system property, not a material property

* The COF of base polymers varies
considerably

» Additives can reduce COF, improve wear,
and increase limiting PV

* Vacuum changes wear characteristics
* Mating metal surface is very important
* Chemistry
* Hardness

e Surface roughness



Mechanisms of Wear

Sliding Wear Rolling Contact Fatigue

Impact Fatigue Abrasive Wear



Friction and Wear

NASA /TM—1998-207195

02

Database for the Tribological Properties
of Self-Lubricating Materials

T.R. Jett and R.L. Thom

Marshall Space Flight Center, Marshall Space Flight Center, Alabama /

/

Source: Jett




Friction and Wear of Various Polymers Against 304 Stainless Steel
at Room Temperature and at Cryogenic Temperatures

Source: Michael



Friction and Wear Performance in Vacuum (Vespel® SP-3)

TESTS OF CERTAIN BEARING MATERIALS

IN HIGH VACUUM BY CERN
Geneva and IRCHA - Paris

The best polyimide material tested
Both 1n air and vacuum appeared to be

Vespel SP31 (old name for Vespel SP-3)
polyimide MoS, mixture.

Source: Poncet



Case Study - Rollers for a Planetary Atmosphere Occultation Spectrometer

Conclusions

Source: Heverly, 2004



DAVE SEILER




Vacuum Conditions

Notes: - Vacuum also affects friction and wear performance
- NASA Low Outgassing Database

Source: Murari and Barzon



Low Outgassing

Vespel has a submarginal total outgassing of 1.24%, this is primarily
moisture. It may be considered for use where its excellent combination of
properties, low condensables, low friction coefficient, excellent ultra violet,

particulate radiation and high temperature resistance are essential to space-
craft function.

Source: Fisher



Radiation Resistance (rom sources internal and external to spacecraft)
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Resistance to Erosion from Atomic Oxygen

Polymer Erosion and Contamination Experiment

Source: Banks, 2009



Flammability/Oxygen Compatibility

Pressure, 1000 Ib/in2

Material 0 1 2 3 4 5 6 7 8
Alumina ]
Teflon, PTFE v/ 7
Teflon, glass-filled /
Asbestos

Viton Rubber 1502
Viton Rubber

(Parker Seal V747-70)
KEL-F
Teflon, FEP
Silicone rubber

(Parco Seal 1235-70)
Vespel SP-21
Nylon
Tecfluorfil B
Vespel SP-211
Vespel SP-1
Silastic 675
Ty-Ply-3 adhesive
Neoprene Rubber
Chloroprene

(Parker Seal C-557)
Loctite 222
EPR (Parker Seal E-529)
Butyl rubber
Epoxy glass laminate
Eccobond 104

M-Bond 610
Prepared by Noryl plastic
Leonard Schoenman
J 1989
- (] Not ignitable 0 10 20 30 50

/77772 \gnition varies with lot Pressure, MN/m2
R Always ignites

Reference NASA Publication 1113

Source: Schoenman, 1989 Figure 9. Range of Ignitability for Nonmetallics



Oxygen Compatibility/Flammability

SP-21 has been tested by the National Aeronautics
and Space Administration and meets MSFCSPEC-

106B, “Testing Compatibility of Materials for Liquid “Impact tests clearly state that polyimide Vespel SP-21 is compatible in liquid oxygen.
Oxygen Systems”. At present time this approval is on The conclusion is the same for PTFE. As for PTFCE,...the conclusion...is less
a selected-lot basis. straightforward.”

Similarly, SP-21 was tested by the Naval Air

Engineering Center, Department of the Navy, and was

found compatible according to MIL-V-5027C, “Non-

Metallic Materials Compatible with Oxygen”. Source: Bozet, 2011



Hydrogen Compatibility

Proceedings prepared by
Jet Propulsion Laboratory
California Institute of Technology
Pasadena, California 91109

Source: Kelley, 1978



Chemical Resistance and ESC

Source: PDL Staff, 1994

Note: The academic literature has articles on resistance to rocket propellants, solvents, lubricants, etc.



DuPont™ Vespel® Polyimide
Properties and Spacecraft Applications



DuPont™ Vespel® Polyimide Shapes




DMA Data - DuPont™ Vespel® and PAI

Storage Modulus by Dynamic Mechanical Analysis - DuPont™ Vespel® SP-1 and SCP-5000, and PAI

Source: Adapted from Kane



Compressive Strength at Temperature

DuPont™ Vespel® Polyimide, PAIl, and PEEK

Vespel®

l

Vespel®
POLYAMIDE-IMIDE (PAI)
POLYETHERETHERKETONE POLYAMIDE-IMIDE (PAl)
(PEEK)
POLYETHERETHERKETONE
(PEEK)
BEFORE AFTER

Compressive Load, 700 °F

Source: Dupont



Case Study - Spline Couplings for Military Vehicles
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Case Study - Valve on Mars Rover

Flight Microwaves Welded into a Flight Manifold

Source: Smith, 2008




Case Study - Poppet and Seat Materials

NASA Technical Memorandum 81522 Figure 8, - Vespel Poppets,

DURABILITY TESTS OF
SOLENOID VALVES FOR
DIGITAL ACTUATORS

A. N. Baez
Lewis Research Center

(a) (b)

Six different poppet materials and two seat materials were considered. Each material was
tested for over 100 million cycles. Serious damage was found in four kinds of poppet materials
tested. Less damage was evident in an aluminum poppet and in a graphite composite poppet.
The graphite composite poppet in combination with a Vespel seat was considered the most
promising combination for use in digital electronic controls for gas turbine engines.

Source: Baez



Case Study - Spacecraft Valve

Source: Gibbon



Case Study - Locking Fasteners

Conclusions
This test program has demonstrated the acceptability of a fully reusable self-locking fastener system,

employing Vespel® (SP-1 polyimide) elements in lieu of crimped nuts, for SRB application. The torque
tests performed on fasteners installed with three different configurations of Vespel®
self-locking element confirm that Vespel ® has properties which can be used in threaded fasteners at

temperatures to 450° F.
Source: Wood, 1984



Identification and Certifications

of Authentic DuPont™ Vespel® Polyimide
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Thank you for your time today! Questions?

Dr. Keith Hechtel, DBA Dave Seiler

Senior Director of Business Development Sr. Product Specialist - High Performance Polymers
Curbell Plastics, Inc. Curbell Plastics, Inc.

office: 716-740-9142 | mobile: 563-271-9316 office: 716-667-3377 Ext. 7676 | mobile: 610-316-9370
khechtel@curbellplastics.com dseiler@curbellplastics.com

Ask a Plastics Expert form on curbellplastics.com for help with your applications
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