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Thermo-Mechanical Analysis of Polyester Film

Hiroshi Nouda

This paper concerns thermomechanical analysis (TMA) on poly(ethylene terephthalate)
(PET) films, in relation with their application to floppy disk base. When environmental
conditions of data retrieval from a floppy disk are different from those of data recording,
off-track of the head on the floppy disk occurs, and the extent of off-track can be estimated
by using the TMA data. Both the linear thermal and linear hygroscopic expansion coeffi-
cients of PET films depend on the direction of their manufacture. The anisotropy (i.e.,
direction dependence) of those coefficients usually get higher as the position of the measure-
ment gets closer to the widthwise edge of PET film manufacturing process. The extent of
off-track increases with increase of the anisotropy.
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Fig. 1 An example of TMA instrument.
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Fig. 2 Thermal expansion of PET film in
uncontroled humidity.
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Fig. 3 Thermal expansion of PET film in

dry N, gas.
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Fig. 4 Thermal expansion of PET film without
pretreatment.
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Table 1  Effect of tension, o, on thermal expan-
sion coefficient of PET.
_ 9
kg/cm?
2.68 375 7.50
a MD* 154 14.9 15.0
107°/c | TD* 128 126 127

*MD: Machine Direction,
TD : Transverse Direction
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Fig. 5 Track width of floppy discs.
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Fig. 6 Environmental conditions of floppy disk.
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Table 2 Biases of track with changes of temperature and
relative humidity.
FLOPPY DISK SIZE* 8" 5.25" 357
RADIUS OF TRACK 00 91.757 mm 57.151mm 40,0 mm
a, Max 14x10" % %RH 14x107%/%RH | 14x107%/%RH
Aa, (X107%/C) 0 6 | 12| 0 6 | 12| © 6 | 12
MAX BIAS OF TRACK 00
WITH Ad, & a, 77 | 84| 91| 48| s2 | 57| 34 | 371 40
(um)
MECHANICAL BIAS
(ASSUMED) 30 | 30| 30| 20| 20| 20| 13| 13 13
(um)
TOTAL BIAS 107 | 114|121 | 68 | 72 | 77 | 47 | 50 | 53
(um)
487TP1 T
<150 um | OK | OK | OK | OK | OK | OK
9%TPI NG | NG| Ne | OK | oK |Nng| - | - | -
TENTATIVE <75 um
UDGEMENT**
] S D N e
<53 ym
192 TPI . ~ |
238 um | NG| NG| NG | NG | NG | NG
* * is inch (25.4mm)
** B: BORDERLINE  NG:NO GOOD  OK :GOOD
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Fig. 10 Thermal expansion coefficient vs refrac-
tive index, n, of PET.

Table 3 Thermal and hygroscopic expansion
coefficients of PET.

MATERIAL L -
107°/%RH
UNIAXALLY STRETCHED(48%) TD 29
UNDRAWN 22
BALANCED TYPE MD 12
TENSILIZED TYPE MD 8
UNIAXIALLY STRETCHED(48X) MD 7
at
MATERIAL
107°/¢C
UNIAXTALLY STRETCHED(48X) TD 124
UNDRAWN 70
BALANCED TYPE MD 16.5
BALANCED TYPE TD 159
TENSILIZED TYPE MD 45
TENSILIZED TYPE TD 22
UNIAXIALLY STRETCHED(4.2X) MD -62
UNIAXIALLY STRETCHED(48X) MD | 187
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Fig. 11 Hygroscopic expansion coefficient vs
refractive index of PET.
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Fig. 12 Thermal shrinkage, A///, of PET film.
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