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Abstract

Temperature of space environment was measured with
the mechanical thermometer using a bimetallic strip coil
for the Tanpopo mission. The Tanpopo mission was a
multi-year passive exposure experiment for astrobiology
exposure and micrometeoroid capture on board the
Exposed Experiment Handrail Attachment Mechanism
(ExHAM) at the Japanese Experiment Module ‘Kibo’
(JEM) Exposed Facility (EF) on the International Space
Station (ISS). Since its microbial exposure experiment
requires recording the maximum temperature that the
Tanpopo exposure panel senses, we have developed a
mechanical thermometer with no electric power
supplied from the ExXHAM. At a given time and orbital
position of the ISS, the thermometer indicator was
video-imaged by the extravehicular video camera
attached to the JEM-EF. With these images analyzed,
we were able to derive the maximum temperature of the
exposure panels on the space pointing face of the
ExHAM as 29 +=5°C. Furthermore, the thermometer
endured use more than three years and demonstrated
that the durability was particularly superior.

Key words: Temperature measurement, Mechanical
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Fig.1 (a) Tanpopo mission was conducted on board the Exposed Experiment Handrail Attachment Mechanism (ExHAM) at the
Exposed Facility (EF) of the Japanese Experiment Module ‘Kibo’ (JEM) on the International Space Station (ISS). (b) This
photograph is the exposure panel installed on the EXHAM to see from the Pressurized Module of Kibo. The exposure panel is
mounted such that it is embedded underneath the top surface (space pointing face) of the ExHAM.
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Table 1 Tanpopo thermometer exposure record.

Exposure (\?&lf]‘)) Exposure days ToluldF:?lumrc
Start | 2015.5. 26
1™ year = - 384 384

End 2016.6. 13

Start 2016. 6. 29
2" ye: 385 769
Soyear e | 2017.7.19 i ’

Start | 2017.7.28
rd

o 357 1126
3 year R d | 2018, 7. 20 ’

3. BREFHOEE

BEFFNERDY M O NZRTE I x % Bl (R
) o REEEAZK2 (a) 12, £ Erins 7Rz
BHEZX2 (b) IZENEIRT, BEE SRV (100
mmx100 mmx19.5 mm) 1. FHHEY . EWRED
B 2 NE L7220 M Lz =y b
(25 mmx20 mmx11.5 mm) ORI, £x D

2=y MIBEIZAL S TERESNTWS, 2=y

FRBEIZTAVI = bG48 (BryaTonrIy)
CEAVRE T R < | BREE SOV AR LR C Al
BEICET DL IICH SN TS, T =0 A
BLES S O FHBRBEICER 3 5 LS & %k 7”571
DT V<A ML STV D, RO RNE
IXER6 mmO AR T, BE SR LD = /]\0)
— B L BAET D L D ITIRE RV TR
[ [EE S v, MREE /\zﬂ/@/mr“%{ﬁu/zf’ééo -
DEHITBRF ARV EBEHNEES IR
BLE _EDISS~Hk X7,

R RS (110 mmx70 mmx8.5 mm) % IF [
MO REBEEZK2 (o) [R-T, ZORREIIAR
NT NI A4 (Bryadiny) e, o
NI AT U VL ABORTIENIM AT THEHEL TH
Do FRMUITIRERS O 72 F 2 A5 &R T
X559, B12mmO=HARDOZRY v 35
nTns, é% (2, BACTRHT IR IS BB 21T 5 72
ORI B OEL-HAB™ N & BEEVAS
AL (B BeRAE STV D, ARIE FENICIE
ExHAM~[EET A7 D2ERD RN N ISEED G
WHEBZRWE S I s Tunb, IRE RS
N7 — A EEEZ B X G A IR L2V X DT,
RO RKIERI BB ST\ D, BREE SRV EBR
WIRERFRARDE ®IT159¢gTH 5,

4. FRFOHEE
BEFHCHE M L7z S A A & 113 Kk [E Engineered
Materials Solutions#: %4 C . mhZIR4 & (22 %Ni, 3 %Cr,
FiFe) C{RIEE4AIE (36 %Ni, FkFe) #ilAH bt
HOThHY ., FOHERERAIRT, £, HIEH
DEEF L OWEHE G 2 X3IR T, ko g A 20
(EZ90mm x 1@1.5mm x = X0.18 mm) %7%%@
SR AMRITIN T Uz 3 A Z v a A L in BRI
HOHNTEY . —imXR#EE Oz, Mk i(mfh
BetomicENZEFNEESNLTWD, _0)/\/( A X
aA VPBREEIC X VEERT D Z & Tl Bl



Viva Origino 2019, 47, 4

Exposure Panel

Thermometer

. ool o, LR o

Fig.2 (a) The mechanical thermometer is attached to the Tanpopo exposure panel which contains twenty units. Microbes,
organic compounds and dosimeters for exposure experiment are enclosed in these units. Dimension of the exposure panel is 100
mmx100 mmx19.5 mm while it is 25 mmx20 mmx11.5 mm for each unit.

(b, ¢) The mechanical thermometer consists of an indicator and a temperature sensor. The indicator is comprised of an aluminum
alloy body and a stainless steel panel in which a U-shaped slit was cut. The temperature sensor is made of a stainless steel pipe.

The pointer is connected to the shaft in the pipe. The mass is 159 g.

Table 2 Specification of the bimetallic strip

High thermal expansion coefficient| 18.9% 10° /C
Low thermal expansion coefficient <20x 10'° 1C
Specific deflection 14.0% 10° /C
Range of linearity 20~ 150 °C
Range of available ~70~370 C
Maximum of temperature 540 C
Elastic coeflicient 172X 10° MPa
Density 8.03 g:"cm}
ASTM B38R TM1
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Bimetallic Strip Coil Fixation
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Fig. 3 Photograph and Internal mechanism of the thermometer is shown. There is a bimetallic strip coil in the pipe. One end of the
coil is fixed to the shaft and the other end of the coil is fixed to the edge of the pipe. It turns the shaft that the coil loosens and
fastens by a temperature change. We can read the temperature from the pointer angle.
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Fig. 4 Definition of pointer angle on the indicator of the
thermometer.
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Fig. 5 Calibration curve for the Tanpopo thermometer.
Equation (1) is applied in 0° < 4 < 85° (red). Equation (2)
is applied in 85° < 4 <180° (blue).
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Before exposure

After exposure

Fig. 6 These are photographs of indicator of the thermometer before and after exposure in space. The left is before exposure, the

right is after exposure. After the exposure experiment, EVA labels are yellowed. The supporting marker disappears.
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Fig. 7 The definition of the beta angle between the orbital
plane of ISS and the solar direction.

Table 3 These values of temperature calibration before and
after exposure in space environment almost accord. Error is
+1°C.

Pointer angle Temperature (C)
(degree) Before exposure | After exposure
0 93 93
60 21 21
120 -55 -54
180 ~151 N/R
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Fig. 8 A profile of the Sun beta angle variation. The beta angle shows a complex sigmoidal curve depending on the precession of
the orbital plane of ISS. The color dots indicate the angles on the observed dates.

Exposure Panel

Fig. 9 The directions of sun light at the orbital positions with 3 = +75°, 0° or —75°, respectively.

W7 & CTEE OIRREN BNV S H 5720, &P
18 551 CISSIN 4N AT 2 6FF [ LU L DR % 320 L |
B LT A bkmiiE, RIKEEERL
TWb EEbN DB EZEAL T, BEHOEHOME

Zat ALY | lwm&ﬁﬁﬂamf%kbtotv
A WAR DFRBIEIIIRARH D . TS OEEL
HED RRELSCHE ETe,

R F%%%mmﬁ‘%%®mf%M%%ﬁ
L. EIRENTRINDIBANEDOEE & H—

22 L2 LT, 2015F6 A2H 22 HTA3HY %TT 5
(B =74°,53°,29°, 1°, —28°) DIREHTAEIT-7,
_®k%®ﬁm@%%I8Qﬁﬁfrﬁo_®ﬁj®
WERTIEESN R Z L IZBAD —F /NI N-28°D;
AICIE mﬁz40%—aﬁbto ATEE DI TIN5 |

el

o

EBIB = 0°DLA T I mIRE & Fidk T 5 aTRetE N
%W&%@éh5®f BT 13E (B =1°)

WZh 9 — ., BEREEZRATZ, 0L X OXSE
AT X8ITHk R T/RY, L L., ZOHREDOKEIEE
H21ICTHY, RITVP=-28D & & DHFNIREILH
Motz, B=1°L28°DM ChemiRE /e 2 AlRelE b
HHD, 12A15HIZp=-15°Z2 W ET D & ix ‘ﬂmf
26CHE RS LT, Fo. AIEOEE TR O I T
FIIP = —75°D & T (TRAKIEE I &5&%z%né
DT, 12AH28H (B=-75°) LB=-15°LDOHFRTH
HB=-45°%12A21 HICHIE LT, EOREE, 00
B=-75°D & ETITEARRE-35CaFisk Lz, LD,
el & AR 2 Fidk L 7B =—15°, —75°B L
ZDOHIEER=-45°T, 24FH L3 H ORIE Z 4k 0 K



Viva Origino 2019, 47, 4

Table 4 Results of temperature measurement by the
thermometer on board the JEM-EF. Erroris *=5C.

Observation Date Sun Beta | Maximum | Minimum
No. Angle Temp. Temp.

Year |Month| Date | (degree) (C) (C)
1 2 74 -9 —-13
2 8 53 -11 21
3 6 13 29 16 -1
4 20 1 18 -3
5 2015 3 —28 24 -2
6 7 13 1 21 3
7 15 —15 26 7
8 12 21 —45 -9 21
9 28 —75 —27 -35
10 10 15 25 4
11 2016 12 17 —45 —13 -28
12 25 75 -33 —42
13 8 —15 29 7
14 | 2017 12 14 —45 13 -23
15 22 -75 -34 —42
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Fig. 10 Results of temperature measurement by the thermometer on board the JEM-EF.



Viva Origino 2019, 47, 4

Fig. 11 The directions of sun light irradiating exposure panel (EP) according to sun beta angle.
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