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ABSTRACT

When choosing a ball bearing for your application, the
choice of material for your bearing rings is crucial: Can I
use a standard stainless steel ball bearing, and if so, which
one should I choose? Does my application even require
an expensive, full ceramic ball bearing to ensure it is non-
corrosive and non-magnetic? Implementing the heat-
resistant superalloy Nickel-Titanium-Hafnium (NiTi-Hf)
as a bearing ring material, GRW offers an alternative,
made for extreme environments where its non-corroding
and non-magnetic characteristics, as well as its high static
load carrying capacity can give the decisive advantage. A
cooperation project with the NASA Marshall Space
Flight Centre results in further characteristics of NiTi-Hf,
providing a deeper knowledge about this new bearing
ring material.

1 INTRODUCTION

When choosing the right bearing for a new application
there are various hurdles that can ultimately have a
critical impact on the outcome of your project, or even
cause it to fail. Selecting the right bearing ring material
is definitely one of the most important decisions in this
process and can be the key to project success.

During this process, the impact of several parameters of
your application on the materials must be considered.
Whether the bearing has to deal with excessively high
loads or whether they will be surrounded by aggressive
environments that might cause corrosion. Each existing
ring material today has its advantages and disadvantages.
For example, full ceramic bearings are used in
challenging environments due to their non-magnetic and
non-corroding properties which, however, push your
project cost significantly and have a limited load
capacity. Conversely, there are cheaper stainless steels
with high hardness. Together with other advantages,
these can offer higher, but also limited, load capacities.

In space applications, such as ball bearings in reaction
wheels or control moment gyroscopes (CMGs), AISI
440C or the comparable X65Cr13 is often chosen as a
bearing ring material to achieve the highest possible load
capacity alongside sufficient corrosion resistance [5].
However, during the launch of the rocket, random
vibrations do often create excessively high loads due to
the weight of the reaction wheel. This pre-damages the

bearings of the application before they even reach their
place of operation in space. A new material has been
developed to address this problem.

1.1  Literature and previous publications

At the 47" Aerospace Mechanisms Symposium in 2024,
GRW presented the development of miniature ball
bearings made from the superalloy Nickel-Titanium-
Hafnium. This high-temperature alloy is a modified
60/40 Nitinol mixture, to which a few mass percent of
Hafnium has been added. It was developed by NASA and
documented in their LEW-18476-1 (USPTO 8,182,741).
What makes NiTi-Hf special is its combination of a low
Young’s modulus of only 95 GPa instead of about 200
GPa of stainless steels, as well as a high reachable
hardness of up to 60 HRC, making it a suitable material
for ball bearing rings [4]. The low Young’s modulus
allows NiTi-Hf to convert high loads more into elastic
deformations rather than creating excessively high
stresses which cause common bearing ring materials to
plastically deform and fail [6]. Previous tests, published
by GRW at the AMS 2024, have shown that NiTi-Hf can
withstand a static load that is up to six-times higher than
that of AIST 440C for example [2].

In addition to its higher static load capacity, NiTi-Hf is
non-magnetic and not susceptible for conventional “iron
corrosion”, as it does not contain any iron.

1.2 Advanced static load capacity

The advanced static load capacity mentioned above is a
result of the low Young’s Modulus of NiTi-Hf, which can
be demonstrated by measuring the axial displacement of
a bearing caused by an axial force. During the
measurement the outer ring remains stationary, while an
axial force is applied to the inner ring from the top. The
displacement of the inner ring is measured on the bottom-
side of the inner ring. Figure 1 compares the
displacement of NiTi-Hf and 440C bearings with a 2.0
mm inner diameter at three different load levels.

At the first load level, with an axial load of 5 N, the axial
clearance of roughly 45 pm gets eliminated and both
bearing types are congruent. With an additional axial
load of 15 N, a difference can already be seen between
the bearings with NiTi-Hf-rings and those with 440C-



rings. With an axial load of 55 N, the difference in axial
displacement between the two types of bearings is clearly
visible.

With a total load of 55 N, a displacement of
approximately 55 pm is measured on 440C bearings. On
NiTi-Hf bearings you receive a displacement of 65 pm.
Subtracting the initial axial play of 45 pm, this results in
the axial displacement of NiTi-Hf, which corresponds to
half the Young’s modulus. All this proves that NiTi-Hf
can transform loads into a higher plastic deformation,
resulting in lower surface stress, and can therefore bear
higher loads than stainless steel bearings.
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Figure 1: Axial Displacement of axially loaded bearings
1.3  Dynamic load capacity

To the date there is only little knowledge about the
dynamic behaviour of sintered materials, especially
about sintered heat-resistant super alloys (HRSA), to
which NiTi-Hf belongs. While we know a lot about the
characteristics of martensitic stainless steels being
exposed to dynamic stresses, such as alternating or
pulsating loads at high speeds in a ball bearing, this
experience has yet to be gained with NiTi-Hf bearings.

1.3.1  Theory of “Wohler curve”

According to the theory of Wohler, the dynamic life of a
material can be divided into three categories: the short-
term or low-cycle fatigue, the finite-life fatigue and the
fatigue strength. Figure 2 shows the Wohler curve, which
illustrates that the life of a tested item is limited to a
certain number of test cycles depending on the nominal
stress amplitude with which it is tested [8].

Returning to the commonly used stainless bearing steels,
those stress limits are typically expressed as: 4200 MPa
limiting the low-cycle fatigue with stresses higher than
the limit would lead to a premature failure. Furthermore
with 2000 MPa limiting the fatigue strength limit with
stresses below this limit would be rated as durable.
Values for this fatigue strength limit vary from 1500 MPa
to 2400 MPa, depending on the material and the source

considered. [7]

The effective nominal stresses between these two values
limit the dynamic life of a mechanical component to a
finite number of cycles it can withstand, called the
component’s finite life fatigue.
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Figure 2: Theory of Wohler, the Wohler Curve

In summary, every mechanical component has a range of
nominal stresses, within which its nominal life is limited
to a certain number. However, the size and value of this
range varies.

1.3.2  Expectation for sintered NiTi-components

The advantages of NiTi-Hf under static loads have
already been outlined. At the same time, initial test
results with comparable sintered alloys (e.g. Nitinol)
indicate that NiTi-Hf bearings could perform equally
well in operational conditions containing rotation at low
surface pressures. NASA studies have even shown that
Nitinol components have reduced friction and an
extended service life. [3]

Nevertheless there are also pre-studies published by
NASA, which indicate a weakness of sintered NiTi-
Alloys that should not be neglected. Higher loads can be
tolerated until comparable surface pressures are reached,
but it must be expected that NiTi-Hf will have its
disadvantages at higher surface pressures. Earlier studies
show that the fatigue limit load of NiTi-Hf is not around
the 4200 MPa but much lower at around 2.500 — 3.000
MPa [1; 4].

Even though there are currently no conclusive and
reliable test results for ball bearings, it is reasonable to
assume that the Wohler curve for NiTi-Hf alloys may be
significantly flatter than that of our stainless steels such
as 440C or X65Cr13. The yellow line in Figure 3 shows
a possible NiTi-Hf Wohler curve. Consequently,
exceeding this fatigue limit load would lead to a sudden
fatigue of NiTi-Hf components and a sudden failure of
NiTi-Hf bearings.
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Figure 3: Wohler Curve, expectation for sintered NiTi Material
added in yellow colour.

In the absence of real test data on such or comparable
bearings, the actual behavior of NiTi-Hf under higher
surface pressures will be examined. Dynamic tests
involving rotating bearings at different stress levels will
verify this theory of the dynamic fatigue limit of NiTi-Hf
bearings.

2 EXPERIMENTAL APPROACH
2.1  Advanced static load capacity

To further demonstrate and gain realistic data for the
increased static load capacity of NiTi-Hf-bearings, a
replica of a reaction wheel (Figure 4) is used, containing
a pair of NiTi-Hf ball bearings (Figure 4, part 2) and
preloaded by a wave-washer (3). With the base plate (5)
mounted on the shaker base together with the shaft (1),
the bearing pair (2) holds an axial weight (4) of 0.2kg
(0.441bs).
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Figure 4: GRW-Replica of a reaction wheel

Table 1: Reaction wheel properties

Bearing type 5/64 inch size
Bearing inner diameter 1.984 mm
Bearing outer diameter 6.350 mm
Reaction wheel dia. 42 mm
Reaction wheel height 21.5 mm
Reaction wheel mass 0.2 kg (0.44 1bs)

A shaker test performed with this replica subjects the
bearing pair to a profile of random vibrations according
to Table 2. Noise tests on the bearings, performed before

and after each shaker run, identify damage to the
bearings. In particular those damages are expected to be
ball indentations caused by high local stresses on
common bearing steels and transformed into higher
elastic deformations on NiTi-Hf [4; 6]. As control
bearings made from a martensitic stainless steel, GRW
bearing ring material “X65Cr13” (1.4037) are used.

Table 2: Vibration profile

Freq. [Hz.]

20 0,005
60 0,4
100 0,4
140 3

180 3

220 0,8
320 0,8
600 0,08
2000 0,08
GRMS 23,03
Duration 120s per Axis

2.2 Dynamic load capacity

The basic set-up of the dynamic tests on NiTi-Hf
bearings corresponds to the following:

A single test bearing (Figure 5, part 2) is placed and
secured on a base plate (3) on the outer ring. A vertical
shaft (1) is guided in the inner ring of the test bearing. An
adjustable axial load F_ax, as well as the rotational speed
is applied to the bearing via the shaft. The target value for
the rotational speed is set with 20.000 rpm. For the axial
load Table 3 lists theoretical, calculated values of contact
surface pressures the load generates. The critical surface
pressure levels shown in the Wohler curve (Figure 3) are
to be determined by iterating through the table of axial
loads.

Table 3: Axial loads [N] and generated contact pressures
MPa] on a 5/64 inch size bearings

Axial Load [N] Contact pressure [MPa]
25 2,400
55 3,000
94 3,500
181 4,200




Figure 5: Setup for the dynamic life testing of NiTi-Hf bearings.

This simple test setup enables a maximum amount of data
on NiTi-Hf bearings to be collected in a short period of
time. By converting the axial load into the contact
pressure inside the bearing, you can test the dynamic life
of the bearings on different stress levels.

The first stage of the test is carried out in a Bruker’s UMT
TriboLab®. Here we compare the performance of a set
of NiTi-Hf bearings directly with that of standard
X65Cr13 bearings. An identical test is also performed
inside a vacuum chamber to evaluate the performance of
the material under moderate vacuum conditions. A
summary of the test results will be published and
presented at the 2025 ESMATS conference.

3  CHARACTERIZATION OF THE BASE
MATERIAL

Most of the existing material data for NiTi or NiTi-Hf
alloys from earlier publications result from NASA’s
material tests. Therefore this data is only valid for the
material created and produced by NASA. For the serial
production of ball bearings by GRW, however, a new
supply chain had to be established.

Understandably, a newly bearing material that is
manufactured on request and not available in catalogues
lacks reliable characteristic values. Creating material

characteristics for the NiTi-Hf bearing material from the
established supply chain is therefore an essential step.

Figure 6: EMS-18 test specimen for mechanical measurements

EMS-18 specimen are used for the mechanical
measurements of the Young’s Modulus and the Poisson’s
Ratio. In addition, the hot hardness of NiTi-Hf is
measured over its operating temperature range of 0 °C —
400 °C (32 °F — 752 °F). All data obtained will be
presented at the 2025 ESMATS conference.

4  CURRENT STATUS AND PREVIEW

As of June 2025, the application-oriented tests described
in the above paragraphs are ongoing. The NASA
Marshall Space Flight Centre carries out parts of the test
program as a part of a cooperation project (the “CAN
program”). All tests must be finished and the results
summarized in time for ESMATS 2025. An overview
will be presented and shared during the symposium.

Additionally, test data on the in-field performance of
NiTi-Hf bearings in reaction wheels is being produced by
first, selected customers who will provide initial
feedback on the material from the market.

This test data summarises the capabilities of NiTi-Hf as
a ball bearing material and shall lead to the
commercialization of such bearings for space
applications. Nevertheless GRW is seeking further
partners willing to test NiTi-Hf bearings in order to
obtain more field data.
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