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Abstract 
 

Threaded joints are a common fastening method in applications where disassembly may be 
required. With a fair amount of investigation of static behavior of threaded joints, less emphasis 
has been placed on the behavior of threaded joints subjected to transient impact loads. 
Understanding how energy is transferred across threaded joints under impact loading conditions is 
critical for improved design and optimization for extreme mechanical environments.  Many 
factors, such as pre-torque, pre-tension load, and impact speed can affect how energy is transferred 
or dissipated across threaded joins. In addition, high-fidelity numerical simulation of mechanical 
response of threaded components under blast or impact loading requires reliable experiments and 
subsequent analyses. In this study, the energy dissipation behavior through a threaded joint under 
impact loading conditions is investigated using a Kolsky tension bar. The aim is to study possible 
energy dissipation behavior in both time and frequency domains while the threaded joint remains 
intact. New analytical methods to understand both time- and frequency-domain behavior of 
threaded joints are presented. Energy dissipation characteristics through steel-to-steel and steel-to-
aluminum threaded joints were then investigated with varying parameters such as pre-torque and 
impact velocity.  
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1. INTRODUCTION 
 
Threaded joints are a commonly used method for fastening components and assemblies in 
mechanical systems. Depending on the application, threaded joints may be subjected to impact 
loading conditions. Knowledge of the energy dissipation or transfer across a threaded joint while 
the joint remains intact, rather than failure, can aid in future improved designs and optimization of 
mechanical systems that experience impact loading. The total amount of energy dissipated through 
a threaded joint during a shock/impact event is analyzed within the time domain as a common 
practice.  However, if energy dissipation is analyzed within the frequency domain, more 
information in terms of frequency-dependent energy dissipation may be provided for more 
efficient and effective design and optimization of threaded joints for protecting internal electrical 
or mechanical components in the system.  
 
Very limited studies on impact energy transfer or dissipation through threaded joints are available 
in the literature and primarily focus on percussive drill rods in deep drilling of rocks [1]. In such 
configurations, several drill rods are threaded together and are subjected to both dynamic 
compression as well as torsional loading when drilling through rocks. When the percussive drill 
rods are subjected to impact, the joint typically remains within the elastic regime. Therefore, in 
such percussive drill rod studies, a Kolsky compression bar was used to transmit a compressive 
wave to a threaded joint and energy analyses in the time domain are performed on the basis of 
measured incident, reflected, and transmitted waves. Beccu and Lundberg [1] examined transfer 
of stress waves across threaded joints under different loading conditions in compression. For 
circumstances where the threaded joints are subjected to shock wave loading, a two-stage gas gun 
has been employed to characterize the threaded joints, where plastic deformation was identified to 
be the primary mechanism for energy dissipation [2].  
 
Many factors can affect how threaded joint connections transfer energy. Related factors such as 
thread lubrication (dry/lubricated), bolt pre-tension, and pre-torque can all play a role in energy 
transfer across the threaded joint. In addition, impact speed may be another significant factor which 
can affect impact energy transfer/dissipation.  Therefore, it is desirable to establish a reliable 
experimental procedure from specimen design, experiment design and execution, and data analysis 
to systematically investigate the characteristics of impact energy transfer/dissipation through 
threaded joints under various conditions.   
 
In this study, a Kolsky tension bar was used to investigate the energy transfer across threaded joints 
subjected to different impact speeds. The joint material type was varied (steel/steel and 
steel/aluminum) as well as the pre-torque on the different joints. Analytical methods in terms of 
energy dissipation ratio in both time and frequency domain are developed and applied to determine 
the energy dissipation through the steel/steel and steel/aluminum threaded joints. 
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2. KOLSKY TENSION BAR FOR DYNAMIC THREADED JOINT 
INVESTIGATION 

 
In this section, the experimental techniques used to study the behavior of threaded joints under 
impact loading are presented.  

   

2.1. Dynamic Characterization of Threaded Joints Using a Kolsky Tension 
Bar 

 
To investigate energy dissipation behavior across threaded joint interfaces, a Kolsky tension bar 
as shown in Fig. 1 was used. This apparatus has also been previously presented in detail [3]. In the 
Kolsky tension bar shown in Fig. 1, the striker is contained inside a gun barrel and is launched 
using compressed gas. When the striker impacts the end cap on the end of the gun barrel, a tension 
pulse is generated and then propagates along the gun barrel and transmits into the incident bar 
through a coupler. To minimize interfaces and to ensure that the pulse is transferred from the 
incident bar to the transmission bar only across the threaded joint interface under investigation, a 
transmission bar with male ½ inch-20 threads was machined to thread into the female incident bar, 
as shown in Fig. 2. In this study, the incident bar was 12 feet long while the transmission bar was 
7 feet long. Both the incident and transmission bars were made of C300 maraging steel to create a 
steel/steel threaded joint. A 6061-T6 aluminum transmission bar was also selected to investigate a 
steel/aluminum threaded joint. All bars were 1-inch diameter. 
 
 
 

Striker Bar

Incident BarMomentum Bar

Coupler Strain Gage Strain Gage

Poppet 
Valve

Air Cylinder

Gun Barrel

Transmission Bar

End Cap

Momentum 
Trap

Bars Threaded 
Together

 
 

 
 

Figure 1. Kolsky Bar setup used to measure energy transfer across threaded 
joints in tension 

 



 

10 
 

 
 

Figure 2. Kolsky Bar ends 
 
 

The interest of current study is the impact energy dissipation through a threaded joint not only in 
the time domain but also in the frequency domain. It is desirable to generate and transfer a pulse 
with a wide frequency range from the incident bar to the threaded joint. To accomplish this goal, 
a tapered striker as shown in Fig. 3 was designed. The striker used in this study was different in a 
couple of ways compared to the strikers typically used in Kolsky bar experiments. First, the striker 
was made of tungsten. A tungsten striker impacting on a steel incident bar produces a pulse with 
a short rise time and a stepwise decreasing unloading tail due to the higher mechanical impedance 
of the tungsten striker than that of the incident bar [4]. Second, to achieve a relatively smooth 
unloading tail, the rear two-thirds of the striker was tapered.  A comparison of the generated strain 
pulses using a typical cylindrical steel striker and the tapered tungsten striker is shown in Fig. 4. 
No pulse shaping material was used in this case so as not to limit the rise time of the incident pulse. 
As shown in Fig 4, both strikers produced similarly fast rise times of approximately 40 µs. 
However, the cylindrical steel striker produced a typical square pulse that is expected from coaxial 
impact of two rods with matching impedance. The tapered tungsten striker has a longer unloading 
tail that is relatively smooth compared to the stepwise unloading tail that would be generated by a 
cylindrical striker made of tungsten. This expands the total frequency content of the pulse, as is 
shown in Fig. 5. The cylindrical steel striker was not able to generate the frequency content at and 
above 15 kHz.  However, when a tapered tungsten striker was used, this frequency limit extends 
from 15 kHz to 23 kHz, even though the tapered tungsten striker was longer than the cylindrical 
steel striker. Utilizing a wider frequency range provides better understanding of the behavior of 
threaded joints at higher frequencies. 
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Figure 3. Detailed design of the tapered tungsten striker used in this study 
 
 

 
 

Figure 4. Time history comparison of the tapered tungsten striker and a 
cylindrical steel striker impacting a steel incident bar 
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Figure 5. Comparison of frequency content using the tapered tungsten striker and 
a cylindrical steel striker impacting a steel incident bar 

 
 

2.2. Energy Analysis in the Time Domain 
 
There is limited knowledge and methodology to analyze the energy associated with Kolsky bar 
experiments.  Beccu and Lundberg [1] provided the energies associated with bar strains measured 
in a Kolsky bar experiment to analyze the energy transfer through threaded joints.  Lok et al. [5] 
also provided the same formula to calculate the time history of energy in Kolsky bar experiments.  
For a measured strain, ( )tε , within a bar, the energy, Ε , was calculated with [1] 
 

( )∫=Ε
t

dttACE
0

2
000 ε                                                                                                           (1) 

 
where E0, C0, and A0 are Young’s modulus, elastic wave speed, and cross-sectional area of the 
pressure bar. When a constant strain, like a square pulse generated in a conventional Kolsky 
compression bar experiment, is generated within a bar, Equation (1) becomes  
 

TACE 2
000 ε=Ε                                                                                                                   (2)  

 
where T  is the total duration of loading.  Equation (2) is consistent with the calculation by Song 
and Chen [6].  Compared to the analysis in Ref. [1], Song and Chen [6] described that the energy 
associated with a bar strain consists of two parts, kinetic and strain energies, equally.  
For an arbitrary bar strain, the associated kinetic energy per unit bar length is calculated as 
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( ) ( ) ( ) ( ) dtCtVAdltVAdmtVtdEk 0
2

00
2

00
2

2
1

2
1

2
1 ρρ ===                                                    (3) 

 
According to one-dimensional stress wave propagation theory, we have 
 
( ) ( )tCtV ε0=                                                                                                                             (4) 

 
Applying Equation (4) into Equation (3) yields 
 

( ) ( ) dttCAtdEk
23

0002
1 ερ=                                                                                                   (5)  

 
For an elastic stress wave, 2

000 CE ρ= , then Equation (5) can be rewritten as 
 

( ) ( ) dttACEtdEk
2

0002
1 ε=                                                                                                    (6) 

 
Similarly, the strain energy per unit bar length is calculated as 
 

( ) ( ) ( ) ( ) dttACEdlAdEdVdtdE
tt

s
2

0000 000 2
1 εεεεσ

εε
=⋅=⋅= ∫∫                                             (7) 

 
Therefore, the kinetic and strain energies are equal and the total energy is 
 

( ) ( ) ( ) ( ) dttACEtdEtdEtdE sk
2

000 ε=+=                                                                           (8) 
 
The total energy over a certain amount of time is thus calculated with integral of Equation (8), 
 

( ) ( )∫=
t

dttACEtE
0

2
000 ε                                                                                                     (9) 

 
Equation (9) has exactly the same form as provided by Beccu and Lundberg [1].  However, the 
detailed derivation is provided in this study. 
 
In a Kolsky bar experiment, the impact of the striker on the incident bar end generates a stress 
wave that propagates down the incident bar.   The incident stress wave is partially reflected back 
as a reflected pulse and is partially transmitted into the transmission bar while the specimen is 
deformed.  The incident stress wave can be of any shape due to pulse shaping. Regardless of the 
profiles, the energies associated with the incident, reflected, and transmitted pulses are expressed 
with Equation (9) as 
 

( ) ( )∫=
t

ii dttACEtE
0

2
000 ε                                                                                                             (10a) 
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( ) ( )∫=
t

rr dttACEtE
0

2
000 ε                                                                                                (10b) 

 

( ) ( )∫=
t

tt dttACEtE
0

2
111 ε                                                                                                              (10c) 

 
where the subscripts, i, r, and t represent the incident, reflected, and transmitted pulses, 
respectively.  Here, E0, C0, and A0 are Young’s modulus, elastic wave speed, and cross-sectional 
area of the incident bar, respectively; whereas, E1, C1, and A1 are Young’s modulus, elastic wave 
speed, and cross-sectional area of the transmission bar, respectively. The input and output energies 
of the specimen are then expressed as 
 

( ) ( ) ( ) ( ) ( )[ ]∫ −=−=
t

ririinput dtttACEtEtEtE
0

22
000 εε                                                         (11) 

 

( ) ( ) ( )∫==
t

ttoutput dttACEtEtE
0

2
111 ε                                                                                  (12) 

 
The energy dissipated in the specimen is 
 

( ) ( ) ( ) ( ) ( )[ ] ( ) dttACEdtttACEtEtEtE
t

t

t

rioutputinput ∫∫ −−=−=∆
0

2
1110

22
000 εεε               (13) 

 
The energy dissipation (Equation (13)) can also be derived and understood in a different way.  In 
a typical Kolsky compression bar experiment, the incident bar pushes the specimen and then the 
specimen pushes the transmission bar in the same direction but at a lower speed.  This process can 
be understood that the incident bar applies work to the specimen and the specimen then releases a 
portion of the work back to the transmission bar.  The work that the incident bar applies to the 
specimen can be calculated as 
 

( ) ( ) iii dLtFtdW =                                                                                                                (14) 
 
where  
 
( ) ( ) ( )[ ]ttAEtF rii εε += 00                                                                                                   (15) 

 
( ) ( ) ( )[ ]dtttCdttVdL riii εε −== 0                                                                                       (16) 

 
Equation (14) is then rewritten as 
 

( ) ( ) ( )[ ]dtttACEtdW rii
22

000 εε −=                                                                                     (17) 
 
Therefore, the total work that the incident bar applies to the specimen is 
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( ) ( ) ( )[ ]∫ −=
t

riinput dtttACEtW
0

22
000 εε                                                                                (18) 

 
This derivation has the same form as Equation (11).  The work that the specimen (in this case, 
threads) applies to the transmission bar is, 
 

( ) ( ) ttoutput dLtFtdW =                                                                                                          (19) 
 
where  
 

( )tAEF tt ε11=                                                                                                                   (20) 
 

( ) ( )dttCdttVdL ttt ε1==                                                                                                    (21) 
 
Equation (19) then becomes 
 

( ) ( ) dttACEtdW toutput
2

111 ε=                                                                                             (22) 
 
The work that the specimen releases back to the transmission bar has the same form as Equation 
(12), 
 

( ) ( )∫=
t

toutput dttACEtW
0

2
111 ε                                                                                             (23) 

 
The net work that is applied to the specimen is 
 

( ) ( ) ( ) ( ) ( )[ ] ( )∫ ∫−−=−=∆
t t

trioutputinput dttACEdtttACEtWtWtW
0 0

2
111

22
000 εεε                          (24) 

 
This work correlates to the energy that is expressed with Equation (13) and dissipates in the 
specimen. 
 
The energy dissipation ratio is then calculated as 
 

( ) ( )
( )

( )

( ) ( )[ ]∫
∫

−
⋅−=

∆
= t

ri

t

t

input dttt

dtt

ACE
ACE

tE
tEt

0

22
0

2

000

1111
εε

ε
δ                                                                    (25) 

 
When the incident and transmission bars are made of the same material and have the same cross-
sectional area, Equations (13) and (25) are simplified as 
 

( ) ( ) ( ) ( ) ( ) ( )[ ]∫ −−=−=∆
t

trioutputinput dttttACEtEtEtE
0

222
000 εεε     (26) 
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( ) ( )
( )

( )

( ) ( )[ ]∫
∫

−
−=

∆
= t

ri

t

t

input dttt

dtt

tE
tEt

0

22
0

2

1
εε

ε
δ        (27) 

 
Equation (26) is consistent with the analysis by Lok et al. [5].   
 
 
 
2.3. Energy Analysis in the Frequency Domain 

 
Just as in typical Kolsky bar tests for material property characterization, the strain gage signals 
collected from the incident and transmission bars are used to probe the frequency-domain energy 
dissipation behavior of the threaded joints.  
 
A strain signal, ( )tε , can be expressed in the frequency domain with a Fourier transform,  
 
( ) ( ) ( ) ( )φππεε +−+∞

∞−

− =⋅= ∫ fifti efBdtetf 22                                                                             (28) 

 
where B and φ  are magnitude and phase of the Fourier transform, respectively; f is frequency.  
According to Fourier transform principles, the energy spectral density is expressed as 
 
( ) ( ) 2

000 fBECAfS =                                                                                                       (29) 
 
The energy spectral density represents the energy distribution over frequencies or the energy per 
unit frequency.  Therefore, the energy at a specific frequency is calculated as 
 

( ) ( ) ( ) ( ) ffBECAdffBECAdffSfE
ff

f

ff

f
∆≈== ∫∫

∆+∆+ 2
000

2
000                                   (30) 

 
The energies associated with the incident, reflected, and transmitted strains can be expressed in 
the frequency domain as the follows, 
 

( ) ( ) ffBECAfE ii ∆= 2
000                                                                                             (31a) 

 
( ) ( ) ffBECAfE rr ∆= 2

000                                                                                             (31b) 
 

( ) ( ) ffBECAfE tt ∆= 2
111                                                                                              (31c) 

 
where ( )fBi , ( )fBr , and ( )fBt  are the magnitudes of Fourier transforms on the incident, reflected, 
and transmitted strains, respectively.  Like the analysis in the time domain, the total input and 
output energies through the specimen can be expressed in the frequency domain, 
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( ) ( ) ( ) ( ) ( )[ ] ffBfBECAfEfEfE ririinput ∆−=−= 22
000                                                (32) 

 
( ) ( ) ( ) ffBECAfEfE ttoutput ∆== 2

111                                                                             (33) 
 
The energy dissipated in the specimen is 
 

( ) ( ) ( ) ( ) ( )[ ] ( ){ } ffBECAfBfBECAfEfEfE trioutputinput ∆−−=−=∆ 2
111

22
000     (34) 

 
The frequency-based energy dissipation ratio is calculated as 
 

( ) ( )
( )

( )
( ) ( ) 22

2

000

1111
fBfB

fB
ECA
ECA

fE
fEf

ri

t

input −
⋅−=

∆
=δ                                                             (35) 

 
when the incident and transmission bars are made of the same material and have the same cross-
sectional area, Equations (34) and (35) are re-written as 
 

( ) ( ) ( ) ( ) ( ) ( )[ ] ffBfBfBECAfEfEfE trioutputinput ∆−−=−=∆ 222
000    (36) 

 

( ) ( )
( )

( )
( ) ( ) 22

2

1
fBfB

fB
fE

fEf
ri

t

input −
−=

∆
=δ        (37) 

 

As described above, the impact energy dissipation can be calculated in either time or frequency 
domain.  However, when a stress wave propagates through a threaded joint, it can be significantly 
disturbed due to multiple interfaces at threads.  Each interface may generate a small reflection of 
the stress wave back to the incident bar.  In fact, the measured reflected pulse is a consequence of 
stress wave reflection at multiple interfaces.  Uncertainties thus exist in the time-stamped reflected 
pulse and transfer to the time history of impact energy dissipation calculated with Equations (26) 
and (27).  However, the total amount of energy dissipated over the entire duration of loading may 
still be reliable.  Compared to the time-domain analysis, the energy dissipation in the frequency 
domain is more reliable as the energy calculated at each frequency has accounted for the entire 
duration of loading. 
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3. DYNAMIC EXPERIMENTS ON THREADED JOINTS 
 

This section summarizes the experimental test plan for steel/steel and steel/aluminum threaded 
joints as well as the data processing procedure. 
 
 
3.1. Experimental Matrix 

 
As mentioned earlier, many factors can influence how energy is transferred across a threaded joint. 
In this study, the effects of pre-torque on the joint, impact velocity, and material type were 
investigated. Table 1 shows the experimental matrix for a steel incident bar and a steel transmission 
bar (steel/steel threaded joint). Note that the transmission bar was machined with male threads 
while the incident bar had female threads. There is only one interface which is the threaded joint 
between the strain gages on the incident and transmission bars such that the energy dissipation 
calculated with the strain gage signals (Equations (26) and (27)) is specified to the threaded joints.  
As shown in Table 1, the steel/steel threaded joint was subjected to two torque levels of “hand-
tight”, which had minimal torque, and 50 ft-lbs of torque. The actual amplitude of preload 
generated in the pre-torqued threaded joints is notoriously variable despite using calibrated torque 
wrenches and has shown to vary +/- 35% [7]. Adding lubrication only improves the pre-tension 
variability to approximately +/- 25%. The variability has also been reduced by using “instrumented 
bolts” which have integrated strain gages [8].  These variations may even generate more significant 
variation in impact energy transfer/dissipation characteristics.  The impact velocities were 4, 9.6, 
and 13.5 m/s and five experiments were repeated at each velocity. 
 
  

Table 1. Experimental plan for C300 steel/C300 steel threaded joint 
 

Material Torque  
(ft-lb) 

4 m/s  
(# experiments) 

9.6 m/s  
(# experiments) 

13.5 m/s  
(# experiments) 

Steel/Steel “hand-tight” 5 5 5 
Steel/Steel 50 5 5 5 

 
The test matrix for steel/aluminum threaded joints are shown in Table 2. Different velocities and 
torques were chosen for the steel/aluminum threaded joint experiments because the aluminum has 
a lower yield strength than the maraging steel and could easily become yielded or even fractured 
if the striker velocity was too high. Similarly, the pre-set torque was lower to prevent over-
torqueing and possible plastic deformation in the threads. 
 
 

Table 2. Experimental plan for C300 steel/6061-T6 aluminum threaded joint 
 

Material Torque  
(ft-lb) 

1.7 m/s  
(# experiments) 

3.7 m/s  
(# experiments) 

6 m/s  
(# experiments) 

Steel/Aluminum “hand-tight” 5 5 5 
Steel/Aluminum 17 5 5 5 
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3.2. Dynamic Experimental Procedure 
 
Figure 6 shows a typical original record of an experiment on a steel/steel threaded joint. As shown 
in Fig. 6., the transmitted pulse is nearly the same in amplitude as the incident pulse, meaning most 
of the impact energy was transmitted across the threaded joint. The individual incident, reflected, 
and transmitted strain time-histories are shown in Fig. 7. Using Equation (10), the total energy 
associated with each signal was calculated in the time domain and is shown in Fig. 8. Finally, the 
energy loss as a function of time was calculated using Equation (26) and is shown in Fig. 9.   As 
shown in Fig. 9, the energy loss increases during loading, due to elastic deformation of the threads, 
and then decreases after unloading starts, and gets back to zero when the dynamic test is completed.  
This means that when the threaded joint is subjected to dynamic loading, the threaded joint absorbs 
dynamic impact energy for elastic deformation and then releases the elastic deformation energy 
back to the bar system during unloading until fully recovered. 
 

 
 
 

Figure 6. Original experimental record of a steel/steel threaded joint 
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Figure 7. Time domain strain signals from an experiment on a steel/steel threaded 

joint 
 
 

 
 

Figure 8. Energy of each signal in the time domain 
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Figure 9. Dissipated energy as a function of time 
 
 
The impact energy dissipation was also analyzed in the frequency domain.  Using Equation (28), 
the magnitude of the strain signals is calculated and shown in Fig. 10. The strain signal FFTs are 
converted to energy spectrum densities (Equation (29)) and are shown in Fig. 11. The energy 
spectrum density in the frequency domain is interpreted as the energy distribution over different 
frequencies. The energy spectrum density of each signal is used with Equation (37) to obtain the 
energy dissipation ratio in the frequency domain and is shown in Fig 12. Investigating energy 
dissipation ratio in this way as a function of frequency is beneficial since the dissipation behavior 
of the threaded joint at specific frequencies can be known.  As shown in Fig. 12, the energy 
dissipation ratio shows discontinuity at and above 10 kHz.  This is because there was no or very 
small input impact energy at and above 10 kHz (Fig. 11). In addition, nearly no energy was 
dissipated for the frequencies below 2 kHz.  The energy between 2-4 kHz was dissipated with a 
ratio of ~0.05.  However, at the frequencies above 4 kHz, a negative energy dissipation is observed 
meaning energy gain.  This indicates that the dissipated energy between 2-4 kHz might not be 
totally lost but were transferred to different frequencies above 4 kHz, which may be described as 
“frequency shift.”  Therefore, the impact energy was not nominally dissipated but internally shifted 
to different frequencies.  This is consistent with the time-domain analysis (Fig. 9) where nearly no 
energy dissipation was observed after dynamic test.  The comparison of the analyses in the time 
domain (Fig. 9) and the frequency domain (Fig. 12) shows that, even though there was no impact 
energy nominally dissipated in the time domain, the energy may still be dissipated at some 
frequencies and gained at other frequencies.  This information also indicates that the frequency-
domain analysis provides much more information than the time-domain analysis, which may be 
helpful for more effective design of threaded joint to protect frequency-sensitive devices or 
components. 



 

23 
 

 

 
 

Figure 10. Strain signals converted to frequency domain 
 
 

 
 

Figure 11. Energy spectrum densities of strain signals 
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Figure 12. Energy dissipation ratio as a function of frequency for steel/steel 
threaded joint 
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4. EXPERIMENTAL RESULTS AND DISCUSSION 
 

Following the same experimental procedure, the results from experimental matrices in Tables 1 
and 2 are presented. The Kolsky experimental results are evaluated for repeatability in both the 
time and frequency domains.  
 
4.1. Threaded Joint Experimental Results and Discussion 

 
4.1.1. Steel/Aluminum Threaded Joint 

 
The time histories of the incident, reflected, and transmitted pulses from experiments at hand-tight 
torque for steel/aluminum threaded joints are shown in Fig. 13. Legend entries are simply the 
experiment number. Good repeatability is seen for each of the impact velocities despite not using 
a specific torque setting or torque wrench. Experiments at the higher pre-torque setting and other 
impact velocities have similarly good repeatability. 
 
 
 

 
 

Figure 13. Time domain incident, reflected, and transmitted pulses for 
steel/aluminum joints at hand tight torque at 3.7 m/s impact velocity 
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(a) 

 
 

(b) 
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c) 
 

Figure 14. Time-domain energy dissipation ratios for steel/aluminum threaded 
joints at hand-tight torque for a) 1.7 m/s, b) 3.7 m/s, c) 6 m/s impact velocity 

 
 
Energy loss in the time domain for the steel/aluminum threaded joint calculated using Equation 
(13) is for hand-tight torque at three impact speeds is shown in Fig. 14. As Fig. 14 shows, energy 
is dissipated during the rise of the signal and peaks at different levels depending on the impact 
speed. After unloading begins at around 100 µs in each plot, the energy loss begins to decrease. 
The total energy loss drops below zero as the unloading continues past approximately 150 µs.  

The frequency domain energy dissipation ratio is plotted for each experiment on steel/aluminum 
threaded joint under hand-tight torque in Fig. 15. The frequency domain energy dissipation 
behavior shows more variability compared to the time-domain strain pulses, but there are some 
commonalities mainly at the peak energy dissipation ratio around 6.5 kHz at 1.7 m/s impact speed. 
The dissipation ratios at 3.7 m/s show some difference between the first experiment (#36) 
compared to the remaining four experiments at that speed, namely a higher dissipation ratio at low 
frequencies that decreases with successive impacts, followed by an increase in peak dissipation 
ratio that occurs around 4-6 kHz, indicating that there might be some change in the threaded joint 
with each successive experiment. The energy dissipation behavior at 6 m/s impact speed is uniform 
except for the initial dissipation behavior at frequencies below 1 kHz, where the dissipation ratio 
varied from -0.15 to -0.01, while a peak is still present at 4.5 kHz. 
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(a) 
 
 

 
 

(b) 
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(c) 
 
 

Figure 15. Frequency-domain energy dissipation ratios for steel/aluminum 
threaded joints at hand-tight torque for a) 1.7 m/s, b) 3.7 m/s, c) 6 m/s impact 

velocity 
 
 

 
 
 

Figure 16. Energy dissipation ratio of steel/aluminum at three impact velocities 
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Averaged energy dissipation ratio as a function of frequency for three different velocities for a 
hand-tight steel/aluminum threaded joint is shown in Fig. 16.  Most noticeably, the energy 
dissipation ratio peak at 3.5 kHz increases with increasing impact velocity. 

Energy dissipation behavior at 17 ft-lbs torque is shown in Fig. 17 at three different impact 
velocities. The behavior at the lowest velocity of 1.7 m/s has the most variability at frequencies 
below 5 kHz while a common peak is observed for all experiments at 6 kHz. The energy dissipation 
ratio varied from -0.18 to 0.02 at frequencies below about 1 kHz. The reason for this difference is 
unknown yet. The variability in torque could be a factor in the observed energy dissipation ratio 
below 1 kHz. The significance of a negative energy dissipation ratio (or “energy gain”) will be 
discussed in a later section. The energy dissipation behavior at 3.7 m/s impact speed (Fig. 17b) is 
more consistent compared to the behavior at 1.7 m/s. The energy dissipation ratio below 1 kHz 
ranged from -0.2 to  -0.08, but a common peak at about 5.5 kHz was observed. At the highest 
velocity of 6 m/s, the dissipation behavior is uniform with a maximum energy dissipation ratio of 
approximately 0.25 at 4.5 kHz. 
 
 

 
 

(a) 
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(b) 
 

 
 

(c) 
 

Figure 17. Frequency-domain energy dissipation ratios for steel/aluminum 
threaded joints at 17 ft-lbs torque for a) 1.7 m/s, b) 3.7 m/s, c) 6 m/s impact 

velocity 
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A comparison of the energy dissipation ratio at different impact velocities for 17 ft-lb torque 
steel/aluminum is shown in Fig. 18. Figure 18 shows that the peak energy dissipation occurred at 
1.7 m/s at around 7 kHz and decreased to 5 kHz at 3.7 m/s followed by a further decrease to 4 kHz 
at the highest impact velocity of 6 m/s.  
 

 
 
 

Figure 18. Effect of velocity on the energy dissipation ratio for a steel/aluminum 
threaded joint at 17 ft-lb torque 
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4.1.2. Steel/Steel Threaded Joint 
 
The time-domain incident, reflected, and transmitted pulses from experiments at hand tight torque 
for steel/steel threaded joints are shown in Fig 19. Figure 19 shows that good repeatability was 
achieved in the time domain for each of the signals. Experiments at higher pre-torque and other 
impact velocities had similarly good repeatability. 
 
 

 
 
 

Figure 19. Time domain incident, reflected, and transmitted pulses for steel/steel 
threaded joints at hand tight torque for 9.6 m/s impact velocity 

 
 

While the time-domain behavior of the steel/steel threaded joint was repeatable, the frequency 
domain behavior showed some difference. The frequency-domain energy dissipation ratios for 
each experiment under hand-tight torque for steel/steel threaded joints is shown in Fig. 20. While 
the results were repeatable at low frequencies for the 4 m/s impact velocity (Fig. 20(a)), there was 
variation in the frequency peak at approximately 7 kHz. At the intermediate velocity of 9.6 m/s, 
more variation was seen. The energy dissipation ratio at low frequencies was mostly negative for 
four of the experiments while for one experiment (experiment #9) the energy dissipation ratio was 
positive at low frequencies. Similarly, experiment #10 had higher dissipation at frequencies above 
1 kHz compared to other experiments at the same velocity. When the impact velocity was increased 
to 13.5 m/s, the first experiment of the set (experiment #11) had a negative energy dissipation ratio 
across nearly the entire frequency range, but in subsequent experiments, the energy dissipation 
ratio cutoff frequency increased from approximately 7 kHz to over 9 kHz on the final experiment 
in the set. This indicates that the threaded joint dissipates energy differently with subsequent 
loadings compared to the first loading.  
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(a) 

 
 

(b) 
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(c) 
 

Figure 20. Frequency-domain energy dissipation ratios for steel/steel threaded 
joints for a) 4 m/s, b) 9.6 m/s, c) 13.5 m/s impact velocity 

 
 
 

Figure 21 shows a comparison of the energy dissipation behavior of typical hand-tight steel/steel 
threaded joint at three different velocities. No clear trend in energy dissipation behavior as a 
function of velocity is apparent; the behavior at 4 and 13.5 m/s nearly overlaps.  However, a 
double-peak phenomenon of energy dissipation ratio is observed at ~3 and 7 kHz, regardless of 
impact velocity. 
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Figure 21. Steel/steel threaded joint behavior at hand-tight torque at three 
different impact velocities 

 
 

When the steel/steel joint was torqued to 50 ft-lbs, the energy dissipation ratio behavior of the 
threaded joint was different. Figure 22 shows energy dissipation ratio behavior for each experiment 
at three different velocities. Figure 22(a) shows some indication that the threaded joint 
transferred/dissipated energy differently on the first experiment (experiment #16) at the lowest 
velocity compared to subsequent experiments. Experiment #17 at 50 ft-lbs torque and 4 m/s impact 
velocity had a higher peak than the rest of the experiments over 0.2 energy dissipation ratio at 6 
kHz compared to the last three experiments in the set (#18, #19, #20) which indicates that a 
stabilized peak energy dissipation ratio is reached at a value of 0.1 energy dissipation ratio at a 
frequency of 6 kHz. Similarly, at the intermediate velocity of 9.6 m/s, the first experiment at that 
torque and impact speed (experiment #21) had a minimum energy dissipation ratio at around 3 
kHz which increased by approximately 0.1 dissipation ratio in the four subsequent experiments. 
Likewise, at 13.5 m/s impact speed, experiment #26 had a higher energy dissipation ratio at lower 
frequencies compared to the final four experiments at that impact speed. Given the fact that the 
bars remain elastic for all experiments, the fact that the joint dissipates energy differently with 
successive experiments under the same torque and impact conditions is interesting. The highest 
stress applied to the ½” diameter thread was approximately 1.86 GPa, which occurred at the highest 
impact velocity. The yield stress of the C300 maraging steel at 1000 s-1 strain rate is approximately 
2.5 GPa. This means that the steel joint was loaded to approximately 75% of yield stress, which 
indicates that no plastic deformation was occurring. The way the threaded joint transmits or 
dissipates energy under these purely elastic loading conditions must be some other mechanism 
than global plastic deformation.  For example, over the successive dynamic experiments, the thread 
contact may change which may change the frequency response of impact energy dissipation. 
 



 

37 
 

  
 

(a) 
 

  
 

(b) 
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(c) 
 

Figure 22. Energy dissipation behavior of steel/steel threaded joint torqued to 50 
ft-lbs at a) 4 m/s, b) 9.6 m/s, c) 13.5 m/s impact velocity 

 
 
The energy dissipation ratio of the steel/steel joint with 50 ft-lb torque shows more evidence of a 
relationship between impact velocity and energy dissipation behavior than that under hand-tight 
torque. Figure 23 shows typical energy dissipation ratio curves as a function of frequency for the 
three impact speeds all with 50 ft-lbs on the threaded joint. A noticeable peak of approximately 
0.11 dissipation ratio at 6 kHz is evident at 4 m/s impact speed, which shrinks to approximately 
0.07 dissipation peaking at about 4 kHz at 9.6 m/s, followed by another decrease to zero dissipation 
at 2 kHz at 13.5 m/s. The energy dissipation ratio at low frequencies also decreases with increasing 
impact speed; at 4 m/s the energy dissipation ratio is around zero while at 13.5 m/s the dissipation 
ratio is approximately 0.05 at frequencies below 1 kHz.  
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Figure 23. Energy dissipation ratio of a steel/steel threaded joint loaded at 
different impact velocities under 50 ft-lb torque 

 
 
Comparing the effect of pre-torque at a single impact speed is useful to determine the effect of pre-
torque on the frequency domain energy dissipation behavior. Figure 24 shows the energy 
dissipation ratios of experiments under hand-tight torque and 50 ft-lbs (which were also shown in 
Fig. 20(a) and Fig. 22(a)). Figure 24 however has boxes added to different frequency ranges to 
highlight a possible frequency shift in the energy dissipation ratio when the torque was increased. 
As is shown in Fig. 24, the joint with a lower  pre-torque (hand-tight torque) (Fig. 24(a)) had two 
peaks of energy dissipation ratio, which locate in the frequency ranges of 1-5 kHz and 5-10 kHz.  
However, when the pre-torque was increased to 50 ft-lbs, the energy dissipation ratio peak in the 
frequency range of 5-10 kHz increases; whereas, the energy dissipation ratio peak in the frequency 
range of 1-5 kHz becomes a valley with a negative value (energy gain), as shown in Fig. 24(b). 
This suggests that the joint subjected to higher pre-torque dissipated more energy at 5-10 kHz 
compared to the same joint under hand-torque.  The dissipated energy at 5-10 kHz might have 
been partially transferred/shifted to the low frequencies (1-5 kHz), resulting to an energy gain in 
the 1-5 kHz frequency range.  The mechanism of such a possible frequency shift of energy 
dissipation is still unknown and warrants further investigation. 
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(a) 
 

  
 

(b) 
 
 

Figure 24. Possible evidence of frequency shift in steel/steel experiment on a) 
hand-torque compared to b) 50 ft-lb torque 
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4.2 Observation of Energy Gain in Threaded Joint Experiments 
 

As shown in the previous section, many experiments had a “negative” energy dissipation ratio at 
low frequencies. In this section, the significance and possible cause of “energy gain” is discussed. 
 
Energy dissipation ratio summed over the entire frequency domain, or the total energy dissipation 
ratio over the entire dynamic test, for steel/steel threaded joints is shown in Fig. 25.  Overall, the 
trends in the energy dissipation behavior are difficult to discern. For hand-tight torque, initial 
energy dissipation at all velocities were negative. For higher velocities, the energy dissipation ratio 
was negative for the first three experiments in each set and positive for the last two in the set. 
When the torque was increased to 50 ft-lbs, all energy dissipation ratios for the first experiment in 
each set were negative while for the lowest velocity of 4 m/s, the remaining four experiments had 
positive energy dissipation. This contrasts with the all 13.5 m/s impact velocity experiments where 
negative energy dissipation was recorded.  In general, when the impact velocity is low, i.e., 4 m/s, 
the steel/steel threaded joints dissipated impact energy; whereas, at higher impact velocity, i.e., 
13.5 m/s, an energy gain was observed.  The impact velocity where the energy dissipation transits 
from positive to negative seems to occur at approximately 9.6 m/s. 

Energy dissipation ratios for steel/aluminum joints are shown in Fig. 26. Similar to steel/steel 
threaded joints, the steel/aluminum joints had tightly grouped and negative energy dissipation 
ratios for the first experiment in each set. All energy dissipation ratios for the steel/aluminum 
threaded joints were observed to be negative regardless of impact velocity and pre-torque level.  

In general, energy dissipation is expected as a result of the stress wave being transmitted rather 
than the energy accumulation or “energy gain” that was detailed in the previous section. In an 
effort to understand the origin of the addition of energy into the threaded joint, the presence of the 
pre-torque was investigated for the possibility to cause the overall energy gain after the dynamic 
test is fully completed. As discussed in the previous sections, the threaded joint absorbs impact 
energy during loading and then release, partially or fully, the energy back to the bar system during 
unloading.  After unloading starts, the threaded joint may be subjected to recoil to generate a 
release (compression) wave that propagates into the bar system. When this occurs, a compression 
pulse may be generated at the thread interface that could overlap with the original reflected and 
transmitted strain signals. Since all experiments on steel/steel threaded joints under 50 ft-lb torque 
at 13.5 m/s impact velocity had negative energy dissipation, the energy loss in the time domain 
provides a useful consideration how energy loss changed throughout the loading. The energy loss 
as a function of time for steel/steel threaded joint under 50 ft-lbs of pre-torque at 13.5 m/s impact 
speed is shown in Fig. 27. As shown in Fig. 27, the energy loss increased up until about 100 µs 
during the loading portion of the experiment while during the unloading portion of the experiment, 
the energy loss (or dissipation) becomes negative.   
 
It is noted that the pre-torque may generate significant end to end recoil of the threaded joint.  
Removing the pre-torque, i.e., zero pre-torque, may reduce the end to end recoil but still general 
the recoil between the threads.  Therefore, energy gain may still have been observed (Fig. 28) in 
the threaded joint experiments where a 200−µm gap was preset between the interface between the 
incident and transmission bars to eliminate any pre-torque.  The phenomenon and mechanism of 
the energy gain observed in the threaded joint experiments are still unknown and warrant more 
systematical experimental and analytical investigation in the future. 
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(a) 
 

 
 

(b) 
 

 
Figure 25. Energy dissipation ratio over entire frequency domain for steel/steel 

threaded joints under a) hand-tight torque, b) 50 ft-lb torque. “Experiment 
number” refers to the number of successive experiments in each set 
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(a) 
 

 
 

(b) 
 

 
 

Figure 26. Energy dissipation ratio over entire frequency domain for 
steel/aluminum threaded joints under a) hand-tight torque, b) 17 ft-lb torque. 

“Experiment number” refers to the number of successive experiments in each 
set. 
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Figure 27. Energy loss for steel/steel threaded joint in the time domain for 50 
ft-lb, 13.5 m/s impact velocity 

 
 

 
 

Figure 28. Energy dissipation ratio on steel/steel experiments using a gap of 
200 µm between incident and transmission bars 
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5. CONCLUSION 
 

Energy dissipation on threaded joints was evaluated using a Kolsky tension bar system in both 
time and frequency domains. To ensure that the impact energy was transferred solely across the 
threaded joint, a transmission bar with male threads was threaded into a female threaded incident 
bar. Experiments were conducted on steel/aluminum and steel/steel threaded joints. Energy 
dissipation behavior as a function of frequency was presented for the different joints under three 
impact speeds as well as two pre-torque levels. The effects of pre-torque and impact speed in the 
frequency domain were explored. “Negative energy dissipation” or “energy gain” was noted for 
different joints and impact conditions. The cause of this energy gain is still unknown, which 
requires further experiments and analysis in the future. The new experimental and analytical 
technique developed in this study can be used to investigate time- and frequency-domain energy 
dissipation behavior of threaded joints or any other kind of interface, which helps design and 
optimization of joints and interfaces. Future studies should employ the presented analysis 
technique, but improvements can be made to method by which threaded specimens are used. One 
possible method is to design a test fixture that allows the use of a new threaded joint specimen for 
each experiment. Using a new specimen for each experiment would also avoid potential fatigue in 
the threaded joint which is subjected to multiple loadings in the current configuration. This also 
has the potential to allow any number of threaded joint length or diameter combinations to be used, 
thus expanding the technique.  
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