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Maaaurm_g' Mathad of the Lmaar. .~ R 32b61-1990-
" Thermal Expansion Coeificient .
. for Low Expansion Glass
"~ by Laser Interferometry

1. Scope

This Japanese Induatrlal Standard apamflas tha measuring mathdd of tha llaaar
thermal expansion coefficient, from -150°C to 150°C, for the low axpanamn glaaa
(including cryatalhzad glass) by the laser mtarfaramatry

2. Dafinitiaaa

For the purpose of thls Standard tha follawmg daflmtlans apply

(1) low expan:alan lass That glasa of which absolute valua of llnaar tha.rmal
- expansion caaf%mlant is smaller than 1 x 10-6°C-!, -

(2) wavalangth atablllty The atabmty of- wavalangth of the light amlttad frdn_l |

a laser, as time function. It is expressed by the ratio of the ﬂuatuatlan
(Ad) to the wavalength (A ), (_) . |

3. Meaaurmg Mathdd

- The mathad far maaaurmg the change in length of a taat placa due 1:0 o
temperature change as a transfer amount of interference fringes produced by the

laser light. Namaly, it is an abaaluta maaaurmg mathad baaed on the wavelangth
of light. o

| Appllmabla Standards.

JIS C 1602—Tharmdaauplaa
JIS C 1604*Raalatanca Thermamatar Sansars
J IS Z 8401-Ru1aa far Rdundmg off. af Numarlcal Valuas '

JIS Z 8?04—E1actr1ca1 Methods of Tamparature_ Maaauramanta |

| Rafereacea Standarda.

JIS R 31{]2—Taat1ng Method far Average Lmaar Tharmal EKpHHSIDH af Glaaa o

JIS Z 8203-S1 Units and tha Uaa af thalr Multlplaa and af Cartaln athar
Units | L _
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4.  Measuring Equipment

The equipment shall be composed of the laser interferometer, linear thermal
expansion measuring system, vacuum thermostatic tank (including an atmospheric
pressure regulator), temperature controller, temperature measuring system and
recorder, and shall be as given in the following (see Figure).

(1)

(2)

(3)

(4)

(5)

Figure. An Example of Composition of Measuring System

Interference Vacuum thermostatic tank

plate
__ Temperature
_—l controller
Laser I re—
interferometer |
\ .
— r | ‘Temperature
I \ ' measuring system
\ - |
Test piece .

Linear thermal
expansiocn measuring rder
system’ Reco

Laser Interferometer A He-Ne laser shall be used in the laser for
measurement, and its wavelength stability shall be within 1 x 107¢. The
resolving power of measurement for the interferometer shall be 5
(approximately 30 nm) or under of the wavelength of light. As regards the
type of the interferometer, its example is given in Annex.

Linear Thermal Expansion Measuring System  The linear thermal expansion
measuring system shall be provided with the junction for carrying out the
counting of number of interference fringes and phases.

Vacuum Thermostatic Tank  The vacuum thermostatic tank shall be capable
of cooling the temperature in the tank down to -150°C through refrigerant,
as well as capable of heating up to 150°C, and shall be provided with the
structure which is capable of maintaining the temperature distribution of the
part in the tank where the entire test piece is cooled or heated within

+ 1°C.

Furthermore, this shall have that construction which is capable of
regulating the pressure of the atmosphere surrounding the test piece to 10
Pa (0.1 mbar) or under in maximum vacuum.

Temperature Controller  The temperature controller shall be that having
such a performance capable of controlling the temperature within + 1°C
relative to the set value of the obhjective temperature,

Temperature Measuring System  The temperature measuring system should
preferably be in accordance with JIS Z 8704, using the platinum resistance
bulb specified in JIS C 1604 or type K or type T thermocouple specified in
JIS C 1602.
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(6) Recorder. The reeerder eheuld preferehly he that eepable of reeerdmg the )
temperatures and ehenges in length of test pleee elmultaneeusly |

D, Preparation ef' Teet Piece

The teet piece shall be prepered te the prescribed ehape eenfermmg to the
measuring conditions in accordance with the interferometer. - The method. of
concrete preparation shall be carried out in accordance with Annex.

8. Operation
The eperetieﬁ shall be as given in"- the felle’wing' |

(l) installation of Test Piece Install the fest piece efter eleenemg the
eurfeeee of the test pleee and mterferenee pletee as clean as pees1hle

. (2) Inetelletlen of Thermemeter . Inetell the thermemeter as rlearly ee peesmle
to the eurfeee of the test -piece. . . -

[3)- Adjuetment of Interferemeter Adjust the mterferemeter S0 that the
visibility of mterferenee frmgee beeemee me}ﬂmum -

(4) Exheuetmg in Thermeetet1e Tenk eed Atmeephere Adjustment Exhaust the
air in the thermostatic tank, and, if required, observe the transfer dlrectlen
of interference fringes to ]ucige the relation between the elongation and
contraction.of the test piece and the transfer direction of the interférence -
fringes.  In the case where helium gas is used Tor thermal exchanging, ellew |
its preeeure to be lﬂ Pe {0.1 mbar) or under., |

(5) Setting ef Tempereture | After the tempereture hae been eet te the |
temperature values of a predetermined constant intervals, take the reading
of the position of the interference frmgee (transfer amount of. interference
fringes). It should be preferable to experiment with setting the meesurmg
temperatures. from both directions of ascending and descending. As. an
actual example, the following method should be preferable. Set the .
temperature at 0°C, and read out the position of interference fringes after
the temperature ehenge of test piece has settled at +:1°C/h.. Increase the
temperature setting by 50°C stepwise, and read out the positions of :
interference fringes after the temperature change of test piece has settled
at * 1°C/h. When it has reached 150°C, decrease the temperature setting
by 50°C stepwise and proceed in the same manner as above, increase by
50°C stepwise again when it has reached -150°C, and complete a series of

- measurements at [}“C ' L L T -

Furthermere, the details of the reeclmg methed ef the mterferenee
7 frmgee shall be in accordance with Annex. -

(6} Speed ef Tempereture Change - The epeed of tempereture change of the

- test piece between a certain set tempereture end the ne}{t set tempereture
shall be l“C/mm or uncler. ' -
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