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1. INTRODUCTION 
 

 
The occurrence of thermal contact resistance (TCR) has 

a great influence on the cryogenic systems. The TCR 
occurs at the interface between metals and it can be 
affected by various factors, such as roughness of surface, 
contact area, contact pressure and temperature. The 
cryogenic measurement devices using a cryocooler are 
affected by TCR because the device is consisted of several 
metal components in contact with each other for heat 
transferring to the test specimen without cryogen. 
Therefore, accurate measurement and estimation of TCR 
of various metallic materials is necessary for the design 
and thermal optimization of cryogenic measurement 
devices using cryocoolers.  

In general, the measurement methods of TCR can be 
divided into steady state method [1] and transient state 
method [2]. In the study of Bi et al. [3], the stainless steel, 
copper, and AIN (Aluminum Nitride) are used as specimen 
and LPM (laser photothermal method) which is one of the 
transient methods was employed to measure the TCR. The 
TCR of glassy carbon was measured by laser flash method 
in the study of Baba et al. [4]. If the TCR was measured by 
the transient method, the experiment can complete in a 
shorter time than steady state method but controlling heat 
load is difficult and measurement is less accurate than 
steady state method. 

In case of Yu's study [5], the TCR of Cu/Cu and Cu/Si 
were measured in the temperature range of 85 - 300 K, 
using liquid nitrogen as cryogen. Also, the TCR of 
aluminum and stainless steel was measured in the 
temperature range of 155 - 210 K and liquid nitrogen was 

used in the Xu’s experiment [6]. Many TCR studies have 
been carried out at liquid nitrogen or near room 
temperature [4-7].  

In this study, we have designed the TCR measurement 
system using steady state method for more accurate 
measurement at temperature below 100 K. A cryocooler 
used as a heat sink instead of cryogen, so we can obtain 
wider temperature range. Also, the contact pressure was 
controlled to investigate the effect of the pressure on the 
mating surface and similar measurement is capable of 
conducting by switching test specimen. The design and 
structure of the TCR measurement system is presented. In 
addition, the influences of temperature, contact pressure 
and interfacial material on the TCR are presented. 

 
 

2. EXPERIMENTS 
 

The schematic diagram of thermal contact resistance 
measurement system is shown in Fig. 1. A cryocooler is 
mounted directly at the top plate of a vacuum vessel and 
used as a heat sink. The first stage cold head, copper block 
and specimen are thermally connected each other through 
the metal thermal link. In order to eliminate unwanted heat 
load from the outer  vacuum vessel to the specimens, two 
radiation shields with MLI (Multiple layer insulation) and 
thermal anchor of instrumental wires are employed in this 
system. A vacuum NW flange is located on the side of a 
vacuum vessel for pump connection. In addition, a number 
of vacuum connectors are installed on the top plate of a 
vacuum vessel for temperature measurement, heater 
control and data acquisition. Eight temperature sensors are 
installed in the system as indicated in Fig. 1 and Fig. 2. T1 
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Fig. 1. Schematic of thermal contact resistance measurem 
ent system. 
 

 
 
Fig. 2. Drawing of copper block and specimen. 
 
and T2 sensors are located at the first stage cold head of 
cryocooler and the bottom plate of second thermal shield, 
respectively. The T3 - T8 sensors are installed at the 
copper block and specimens for measuring temperature 
distribution, as shown in Fig. 2. 

The copper block is located at the both side of the test 
specimen and the contact pressure was controlled by two 
screw bolts and toque wrench. The contact pressure 
calculated using Ref. [8]. The test specimen was processed 
by lathe machine. The surface of test specimen was 
polished and its surface roughness was in the order of 
about 1.65 μm. The test specimen and copper block have 
six holes of 1.8 mm diameter and 6 mm deep for 
temperature sensor installation. The temperature sensors 
are embedded in a hole using varnish (GE-7031) for 
accurate temperature measurement. The test specimen was 
thoroughly cleared with ethanol to remove impurities 
before assembling. While the heater 1 was installed 
between test specimens for supplying heat, the heater 2 
was installed at the thermal adapter for controlling of 
system temperature. The specifications of test specimen, heater 
1 and temperature sensor are summarized in Table 1. 

The nichrome wire which has a high resistance value 
was used as a heater. The heater 1 generating temperature  

TABLE I 
SPECIFICATION OF TEST SAMPLE, HEATER AND TEMPERATURE SENSOR. 

 
Part Parameter Unit Value 

Test specimen material - copper 
diameter mm 10 

length mm 10 
contact area m2 7.85ⅹ10-5 

Heater 1 material - nichrome 
length mm 70 

resistance Ω 2.4 
Temperature 

Sensor 
model - PT100 
current A 0.001 

resistance Ω 3.65 @ 30 K 
 
 

 
 
Fig. 3. Photo of specimen and copper block. 
 
gradient across the interface was controlled by a DC power 
supply (EXTECH instruments 382202) and the heat load 
was controlled from 0 to 1 W at intervals of 0.2 W. The 
heater 2 was controlled using a DC power supply (Agilent 
Technologies N5772A) to raise the system temperature up 
to 100 K. Variables in the present experiment are the 
temperature, contact pressure and type of interfacial 
materials. 

Fig. 3 shows the photo of assembled test specimen, 
copper block, heater and temperature sensors. The 
manganin wire which has a low thermal conductivity was 
used as a instrumental wire. Although manganin wire has a 
low thermal conductivity, there are many wires for 
temperature sensors and data acquisition. So, in order to 
reduce the heat invasion into the test specimen, wires of 
temperature sensor are thermally anchored at the top plate 
of copper block as shown in Fig. 3. 

Fig. 4 shows the whole experimental set-up of TCR 
measurement system. The temperature of the first stage 
cold head of a cryocooler, radiation shield, specimen and 
copper block are measured and monitored continuously.  

The experimental results were saved automatically 
every 30 sec through the GPIB communication module of 
LabviewTM software. 
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Fig. 4. Photo of experimental set-up and data acquisition 
system. 
 

 
 
Fig. 5. Initial cool-down curve of thermal contact resistance 
measurement system (contact pressure : 7 MPa). 

 
 

3. RESULTS AND DISCUSSION 
 
In order to prevent heat leak by residual gas during the 

experiment, the vessel was evacuated to a pressure of ~10-6 
Torr. The temperature history of T1 – T4 during initial 
cool-down is shown in Fig. 5. It took approximately 6 
hours for the test specimen to reach lowest temperature.  
Fig. 6 shows the temperature profile of specimen and 
copper block depending on the heat load of heater 1 and 
heater 2. Firstly, when the system cooled to lowest 
temperature, the heat load of heater 1 (Q1) was controlled 
from 0 to 1.0 W at intervals of 0.2 W. Secondly, heater 1 
was turned off and then the temperature of test system was 
controlled by heater 2 to raise the temperature to reach for 
next test. Thirdly, the process was repeated again after the 
temperature of system reaches steady state. We assumed 
that the steady state was obtained when the time rate of 
change was less than 5 mK/min. As shown in Fig. 6, the 
temperature difference between copper block and 
specimen was within 10 mK at the lowest temperature. But 
as Q1 increases, temperature difference increases. The 
temperatures of left side specimen are symmetric with 
those of right side for the whole experiment. 

The thermal contact resistance is calculated by the 
corrected temperatures and the power delivered to the 
heater and is defined by the following equation [9]. 

 
 

Fig. 6. Temperature profile of specimen and copper block. 
 

 
 

Fig. 7. Thermal contact resistance with respect to temperature 
as a function of contact pressure. 
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where D is diameter of specimen, Qheating is the heat load 

passing through the interface, TH is the temperature of high 
temperature part, TL is low temperature part. Fig. 7 shows 
the TCR with respect to the temperature as a function of 
contact pressure. The temperature of X-axis is the average 
of TH and TL. As mentioned above, the TCR decreases, as 
operating temperature increases. When the contact 
pressures are 7, 14 and 21 MPa, the average TCR were 
1.39ⅹ10-4, 7.29ⅹ10-5 and 5.88ⅹ10-5 m2K/W, 
respectively. The dotted-line in Fig. 7 is the TCR drawn 
after Ref. [5]. The contact pressure and surface roughness 
were 3.8 MPa and 1.65 μm, respectively [5]. The TCR 
decreases, as contact pressure increases. The thermal 
resistance of any interface is a function of the actual 
contacting area and the physical properties of the mating 
materials [5]. Therefore, the high contact pressure can 
increase the actual contacting area of interface. Compared 
to the reference data, the decrease rate of TCR is getting 
smaller as contact pressure increases. The variation of 
TCR with respect to the contact pressure at 90 K is 
presented in Fig. 8. The TCR decreases with the increase 
of the contact pressure. Increased contact pressure can 
enlarge the actual contact area between metals which 
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Fig. 8. Variation of thermal contact resistance with respect 
to the contact pressure. 
 

 
 
Fig. 9. Variation of thermal contact resistance as a function 
of interfacial materials at 7 MPa contact pressure . 
 
causes the reduced TCR. But decrease rate of TCR 
becomes significantly small when contact pressure reaches 
at a certain value.  

Several runs were performed with different interfacial 
materials under presumably identical conditions. Fig.9 
shows the TCR variation when the interfacial material was 
inserted at Cu-Cu interface when the contact pressure was 
7 MPa. The indium sheet, insulation sheet (Kapton sheet), 
thermal grease (Cryo-Con) and appiezon N grease are used 
as interfacial materials to investigate the effect on the TCR. 
When the thermal grease, apiezon N grease and indium 
sheet were used the TCR decreased. However, the TCR 
increased when the insulation sheet was used. The surface 
of specimen is not perfectly flat, so some vacancies can be 
existed. The interfacial materials which has a high thermal 
conductivity are role of enlarge the actual contact area and 
increase the contact pressure at the same time by filling the 
vacancies. 

In the case of thermal grease and apiezon N grease, the 
values of TCR were approximately same over the 
temperature range between 30 and 100 K. At 40 K, the 
TCR’s were 3.81ⅹ10-4, 2.29ⅹ10-4, 1.32ⅹ10-4 and 

8.43ⅹ10-5 m2K/W when the interfacial materials were 
insulation sheet, no material, thermal grease and indium, 
respectively. They were decreased as temperature 

increased and the values were 1.60ⅹ10-4, 1.18ⅹ10-4, 
5.78ⅹ10-5 and 1.61ⅹ10-5 m2K/W at 77 K. In the cryogenic 
devices, the insulation sheet composed of non-metal is 
used as a medium for electrical insulation but large 
temperature gradient is inevitable as observed in this 
measurement. 
 
 

4. CONCLUSION 
 

The TCR at Cu - Cu interface was measured by steady 
state method using a cryocooler as a heat sink. The TCR 
decreased with the operating temperature and contact 
pressure. The contact pressure increases the real contact 
area, resulting in the decreased TCR. However, the TCR 
was almost constant when the contact pressure was above 
14 MPa. The TCR decreased when the interfacial material 
is used and it reduced approximately 63% at 40 K and 86% 
at 77 K when indium sheet was used. The present 
quantitative measurement should be useful for the 
industrial applications and the basic thermal researches at 
low temperatures.  
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