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Abstract

The reduction of mechanical noise or microphonics is of great importance for the feasibility and cost effectiveness
of CW superconducting accelerators. One problem for a passive dampening scheme is the fact, that most
materials stiffen and turn brittle at cryogenic temperatures. An exception to this behaviour was demonstrated at
JLab in few-walled boron nitride nanotubes (BNNT).
We present direct measurements of the oscillation attenuating properties of a sample from the BNNT material.
Measurements were performed at HZB using a TESLA type cavity equipped with a Saclay-I type tuner featuring a
twin set of parallel piezo drivers where one of the piezos was put in series with a BNNT pellet. In this setup, the
cavity was used as a device to perform dynamic measurements of elongation and compression of the sample.
We have observed a tenfold reduction of an external mechanical excitation which makes the material a most
promising candidate for applications that require mechanical dampening at cryogenic temperatures.

Background

A dampening of mechanical oscillations is not possible for stiff material

𝑚𝑚�̈�𝑥 + 𝑑𝑑�̇�𝑥 + 𝑘𝑘𝑥𝑥 = 𝐹𝐹(𝑥𝑥) | 𝑑𝑑 = 0, m=mass, k=spring constant

Solution for 𝐹𝐹 𝑥𝑥 = 0 :  𝑥𝑥 𝑡𝑡 = 𝑋𝑋1𝑒𝑒𝑖𝑖ω0𝑡𝑡 + 𝑋𝑋2𝑒𝑒−𝑖𝑖ω0𝑡𝑡 𝑤𝑤𝑤𝑤𝑡𝑡𝑤 ω0 = 𝑘𝑘
𝑚𝑚

It is possible to shift the resonance ω away from external excitations 𝐹𝐹 ω by
(a) changing the stiffness k, or
(b) changing the oscillating mass m 

It is NOT possible to
(a) reduce amplitudes X of vibration
(b) dissipate mechanical energy

Solution of equation with 𝑑𝑑 > 0:

ω𝑑𝑑 = 𝑘𝑘
𝑚𝑚
− 𝑑𝑑2

4𝑚𝑚2 , 𝑥𝑥 𝑡𝑡 = 𝑒𝑒−
𝑑𝑑
2𝑚𝑚𝑡𝑡(𝑋𝑋1𝑒𝑒𝑖𝑖ω𝑑𝑑𝑡𝑡 + 𝑋𝑋2𝑒𝑒−𝑖𝑖ω𝑑𝑑𝑡𝑡)

Amplitude lowered AND frequency reduced.
Dissipated mechanical energy leads to no significant temperature increase

Experimental setup
A TESLA cavity with Saclay-I tuner was used as measurement device for the dampening properties of the BNNT sample.
Tests were performed parasitically to a horizontal test in the HoBiCaT facility.

Piezo 1 Aluminium blocks as distance pieces

7.72 mm

BNNT pellet

Saclay-I tunerTESLA cavity

BNNT samples

The manufacturing procedure of few-walled BNNTs is described in [1]. The viscoelastic properties of the material
are described in [2]. It was recently demonstrated at Jlab that the behavior is also present at cryogenic
temperatures. A small pellet of 10 mm diameter and 7.7 mm height was provided by the BNNT company. Such
pellets consist of fine intertwined, few-walled nanotubes of boron-nitride axially pressed into shape.

In the Saclay-I type tuner [4], piezo-elements integrated into the tuner’s lever arms are used to change the length 
of the resonator (L = 1 m) at micrometer scale, thereby changing (∆𝑓𝑓) the resonance frequency (f) of the cavity 
which can be measured with a phase-locked loop system at very high accuracy:

∆𝑙𝑙 = 𝐿𝐿
∆𝑓𝑓
𝑓𝑓 ≈ 1𝑚𝑚

1𝐻𝐻𝐻𝐻
1𝐺𝐺𝐻𝐻𝐻𝐻 = 1𝑛𝑛𝑚𝑚

The BNNT was mounted  into the holding frame for the piezos such, that one piezo was put in series with the BNNT 
(Piezo 1) and one was put in parallel (Piezo 2). Applying a positive voltage to piezo 1 would lead to extension of 
Piezo 1 and thus compression of the BNNT, and vice versa for piezo 2. At cryogenic temperatures bi-polar operation 
of the piezos was possible, allowing to double-check all measurements with piezo-excitations of opposite sign.

Piezo 2

An identical preload was applied to both piezos, iteratively exercising 1.5 Nm of torque 
on both adjustment screws which corresponds to a pressure of 0.25 MPa on the pellet. 

(This value was estimated by using 𝑝𝑝 = 𝐹𝐹
𝐴𝐴

= 2𝜋𝜋𝜋𝜋
ℎ𝐴𝐴

with pressure p, force F, area
A=78.5mm2, torque M=1.5Nm, thread height h = 0.5mm). In a subsequent the torque
on the piezos was doubled yielding a pressure of 0.5 Mpa on the pellet. Recommended 
values for the operating pressure of the pellets range up to 3 MPa.

run driven torque piezo
offset

piezo 
amp

reverse 
polarity

#1 BNNT 1.5 Nm 50 V 1 V
#1 Piezo 1.5 Nm 50 V 1 V
#2 BNNT 3 Nm 24.6 V 2 V
#2 BNNT 3 Nm 24.6 V 1 V
#2 Piezo 3 Nm 24.6 V 1 V
#2 Piezo 3 Nm 24.6 V 2 V
#2 BNNT 3 Nm 140 V 2 V
#2 BNNT 3 Nm 140 V 2 V x

Transfer functions recorded in two measurement runs

Conclusion
The mechanical oscillation-attenuating properties of single walled nanotubes made from boron nitride at
cryogenic temperatures have been tested. The material yielded a reduction of external excitations by a factor of
10 for 0.25 MPa applied pre-stress and a reduction by a factor of 4 for 0.5 MPa. In a next step it needs to be
shown that by suitable placement of the material in a module or cavity support can lead to a change of the
mechanical Eigenmodes of the entire system. The present setup was not suited or intended to show this, since its
focus was to demonstrate the attenuating properties of the BNNT material rather than the damping of
microphonics in a module. Summarizing, it can be stated that the material is suited for applications that require
passive mechanical dampening at cryogenic temperatures, such as decoupling a cavity in a module from outer
vibrations. In particular the BNNT technology opens a pathway to help solving the problem of detaching the
vibrations of cryogenic cold fingers from SRF cavities operated above 4.1 K.

The BNNT pellet is BNNT-SP10-R (refined) material axially pressed into the form shown. 

Results
The series of recorded transfer functions shows the dynamic movement of the cavities as a response to the excitation with 
the piezo. Depending on the pre-stress that was exercised on the BNNT during mounting of the piezo stack the extension 
of the piezo is compensating by the visoelastic response of the BNNT.
All given detuning is related to the length change by �∆𝑓𝑓

∆𝐿𝐿 = 315 𝐻𝐻𝐻𝐻/µ𝑚𝑚 [5].
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