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Abstract

Aerospace applications must survive one critical step before they start their operation in space, the launch;
reports from space mechanism manufacturers indicate that many of them fail. Hence, the operation is done
in a pre-damaged condition. At launch, a rocket subjects components, particular bearings, to high shock
loads and random vibrations, which can result in damage and limited functionality or failure.

In cooperation with the NASA Glenn Research Center and the University of Akron, GRW developed a
miniature ball bearing out of a highly specialized and exclusive alloy, which has three main advantages.
One of them is its high static load capability; it can withstand high shock loads and random vibrations during
a rocket takeoff, avoiding pre-damage and expensive repairs.

Results from this development have not been published. The status of the development is continuously
reported to NASA Glenn Research Center and a few select customers who intend to perform application-
oriented tests in the next development steps. This bearing type has flown to space on one occurrence; yet
additional testing is required to finalize validation of the use of NiTi-Hf (Nickel-Titanium-Hafnium) miniature
radial ball bearing in common space mechanism applications.

Introduction

The GRW project “Processing NiTi-Hf into Miniature-Ball-Bearings” aims to pave the way for the production
of high precision miniature ball bearings in sizes down to 1.0 mm (0.039") bore size from an alloy with
promising characteristics. NiTi-Hf is a 60-Nickel-Titanium alloy with additionally added Hafnium. The
processing of this alloy into ball bearings, as described in NASA’'s LEW-18476-1 (USPTO 8,182,741) and
related, is licensed by KAMAN with an Evaluation License. The background and the development of the
specific material NiTi-Hf by NASA was stated and published before [1]. GRW, as a subsidiary of KAMAN
Corporation, is a manufacturer of miniature ball bearings since 1942 and now takes the step to bring this
alloy into a reliable serial production for ball bearings.

The project will result in anti-magnetic ball bearings with a significantly higher load capacity and corrosion
stability compared to ball bearing steels currently in the market. In addition to some key facts about the
alloy, these three major benefits of NiTi-Hf will be shown in the following sections.

Project Definition

60-Nickel-Titanium alloys as bearing steels have several advantages compared to common tool steels.
They can be specifically designed for their use and therefore offer high hardness combined with a low
modulus [3]. A little percentage of Hafnium is added for microstructural advantages, slowing down NisTis
growth rates of the alloy [3] and making the shape memory alloy a hardenable bearing steel with a hardness
of above 56HRC.
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As a powder metallurgic material, NiTi-Hf has a rather large grain size distribution with clearly visible grain
structures, as seen on the left microstructure image of Figure 1. Therefore, compare the microstructure of
NiTi-Hf, with grain sizes of up to 90 pum, to the grain structure of 440C, which is showing visible carbides
that are only 40 um in size (Figure 1). The special process of transforming this roughly structured material
into a highly finished bearing surface is what makes these NiTi-Hf bearings special. With processes
especially adapted to powder metallurgic materials and the manufacturing of titanium, GRW reaches
surface qualities of common high-precision bearings made of 440C or 52100

Figure 1: Microstructure images of NiTi-Hf and 440C compared after heat-treatment (Magnification 500:1)

Table 1 shows the material properties of NiTi-Hf after the microstructure. In terms of density and thermal
expansion, these properties are comparable to 440C, a widely used bearing steel.

Table 1: Material characteristics comparison [2]

Material properties NiTi-Hf Common bearing steel 440C
Density 6700 kg/m3 7750 kg/m3
Hardness 56 to 60 HRC 58 to 62 HRC
Young’s Modulus ~95 GPa ~200 GPa
Maximum use temperature 400°C 200°C

Thermal expansion ~11.2 x 10%/°C ~10.0 x 10%/°C
Magnetism Non Magnetic
Corrosion resistance Excellent Marginal

The unique characteristic of NiTi-Hf is the combination of a high achievable hardness despite a low Young’s
modulus of only 95 GPa. This makes the material capable to convert high loads into elastic deformations
and not creating excessively high stresses, which cause common bearings to fail. This difference in elastic
deformation is shown in Figure 2 where the axial displacement of the bearing inner ring is measured over
an increasing axial load on the inner ring. You can see the growing gap between a bearing made of common
bearing steels (here, 440C) and a bearing made of NiTi-Hf.

Both geometrically identical bearings start with an axial displacement of roughly 45 microns at an axial load
of 0.1 N. This is equivalent to half of the axial play of both bearings. Increasing the axial load onto the
bearings inner ring, you can clearly measure higher axial displacement of NiTi-Hf bearings. This is because
NiTi-Hf with the lower modulus is capable of transferring high loads into a higher elastic deformation, while
440C creates higher contact stresses with lower elastic deformation, as the static simulation in Figure 3
shows.
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Figure 2: Measurement of the axial displacement of a bearing inner ring under increasing axial load on a
NiTi-Hf bearing compared to a 440C bearing

Figure 3: Simulation of the contact stresses in a NiTi-Hf bearing raceway under 1300N axial load,
compared to a bearing raceway of 440C
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Higher static load capacity

The current standard for bearings with the highest load capacity is 52100 bearing steel. GRW performs a
test where the minimum load at which plastic deformation occurs first in the ball bearing is measured.
Therefore, bearings are axially loaded in sequences of increasing load peaks. Between each sequence,
we examine the bearings by noise measurement for plastic deformation in the form of ball indents on the
raceway.

The first tests performed, as described, showed an improvement of NiTi-Hf bearing compared to 52100 of
200+%, as Figure 4 illustrates.

Figure 4: Load capability of bearing materials comparison

This improved load carrying capability can help the aerospace industry avoid common damages from
launch loads and/or to miniaturize their bearings and therefore the application, or to increase their allowable
payload on the bearings. All three possibilities can have a major impact for manufacturers of aerospace
applications.

As an explanation for the shock load resistance, see the comparison of two radial ball bearing inner rings
in Figure 5. Both bearings with an inner diameter of 2.00 mm were loaded with an axial load of 100 N.
Where a common bearing material deforms plastically and the bearings raceway is damaged by ball indents
(left figure, green area), NiTi-Hf material can withstand up to 6 times the load without plastic deformation.

A bearing pre-damaged with ball indents will result in increased starting/running torque, irregular running
behavior and early failure.
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Figure 5: comparison of a common bearing raceway out of 440C material (left, ball indent) vs. a bearing
raceway out of NiTi-Hf (right, no indent) after an axial load of 200N

Improved corrosion stability

In applications where high corrosion stability is essential due to aggressive media surrounding the bearing,
customers currently use high-alloy, martensitic stainless steels, mainly Cronidur® 30 (X30CrMoN15-1) or
440C.

GRW uses the DIN EN ISO 9227 standardized, so-called Salt Spray Test in order to prove the corrosion
resistance of bearing materials. Initial measurements showed that NiTi-Hf bearings are able to exceed the
level of Cronidur® by more than 150%.

Figure 6: Corrosion stability of bearing materials

In addition to this highly corrosion-resistant bearing material’s usefulness in aerospace applications, the
medical industry will benefit greatly from this development. Surgical application specifically, which are faced
with harsh environments and strong cleaning media during sterilization, are a likely ideal use-case. Most
often, the subpar corrosion stability with today’s bearing materials is the limiting factor in medical
applications.

Anti-magnetism
In general, 60NITi is an anti-magnetic shape memory alloy. With the addition of Hafnium, this alloy no longer

counts among the shape memory alloys, yet keeps its anti-magnetic characteristics. Anti-magnetic ball
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bearings are used in measurement technology or medical applications for example, where magnetic fields
can influence the process in a negative way. Currently, customers have to resort to high-cost ceramic
bearing materials to rectify this complication.

Conclusion

Uniting these three characteristics in one material, NiTi-Hf bearings can improve the performance in various
fields of applications, specifically the critical aerospace and healthcare industries. The unique lessons
learned during the subject presentation will be the initial performance of an innovative, production ball
bearing steel and ways to optimize envelop dimensions by utilizing the benefits of NiTiHf radial ball
bearings.

As this project is supported and managed in corporation with NASA Glenn Research Center, this project
addresses at least two of the NASA Technology Taxonomy areas with:

- TX12.1.4 Materials for Extreme Environments” as a ball bearing with extreme static load capabilities.
- TX12.1.7 Special Materials” as a multi-functional material with anti-magnetic properties.

The Technology Readiness Level of this project can be rated at a seven. The current status of the work is,
basically, Engineering Testing Complete. The internal engineering development processes at GRW have
been completed; significant testing has been conducted but further application-specific testing, as well as
supply chain optimization, are necessary before pilot production.
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