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Measurement of Residual Surface Stress on Tempered Glass Plate.

By
Ichiro KITANO®* and Hidetoshi TOGO**

( * Nippon Sheet Glass Co., Ltd., Maizuru Plant, Maizury, )
*+ Nippon Sheet Glass Co., Ltd., Products & Engineering Departinent, Itami

Following methods are ususlly adopted for measuring the residual surface compression
present on tempered glass, (1) Observation of relative retardation of light passing through
the cross-section of the plate parallel to its surface by pholoelastic techniques. (2)
Calculation of the stress by mensuring the resultant curvature of the planc when a certain
amount of thickness was etched-off by hydrofluoric acid from one side of the sample.

However, these methods are inadequate for the non-destructive measurement of
surface stress on commercial glass plates of large dimensions.

The method described here is pertaing to the surface stress-induced birefringence of
glass with the result that the angle of total reflection obtained by contacting an optical
prism on the sample surface is different between two polarized components. Namely, the
refractive indices of the compressed surface for the ordinary ray polarized in plane
perpendicular to the surface is greater than that for the extraordinary ray polarized in
plane parailel to the surface, thus the critical angle of total reflection of the ordinary ray
is greater than that of the extraordinary ray. Since this difference is directly related
to the magnitude of the surface stress and is detected in the field view of telescope as two
regions of different brightness separated by a sharp boundary, it is possible to measure the
surfnce stress in a rapid and non-destructive manner by calibrating the scale division of
the eyepiece field. Calibration was done by giving a known degree of cancellation to the
surface compression with the tension caused by bending the central portion of the sample
supported freely at both ends.

The constructed instrument provided very sharp boundary lines in the field of eyepiece
snd made it possible to determine the surface compressive stress on tempered glass with

the accuracy of +0.6 kg/mm’.
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Fig. 1. Schematic presentation of difference of total
reflecting angle for ordinary and extraor-

dinary rays obtained by 2 refractive prism
on the glass surface under compressive
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Fig. 3. Cross sectional view of the instrument.
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Fig. 4. An example of eyepiece field in which
two boundary-lines appear corresponding
to the different critical angle of total
reflection for ordinary and extrwordinary
rays respectively.

LML X@B LR E O il > THN®ICA
D, BRSIOOBIC -4 OFRAOMIcR6R5 LS
i, BHMsE RS ROMIFROMRIZL 5 EhEho
SHAERRETMNCRDb L, BYRRONJIERNTO
NAETEMCRIRD Z LN TE5. FOEHRGIL 2 MR
XEEPRTOAKE, 20HLTwEDT, Zhikfic
MOy hn—FoRRREN+T o LT
&5, FY XL EREN FARMGOMICIE, K FMHM
Lrareniciifopiticterkiliz b >2 a -7l
WALR. 7)Y XLOMRICRNEYF 2 LLF6 ()
=1.5371) &M, €A o 2 (2) ALY a=iy=
81°40" iz ML 1.

L MMM ERR
WO BRI N BEHME RS 0, HRMIEY
IADEMEABEHL, TRIcT Y CAEE, TH
PHREPRBIC~EROTBEERXDB - itk - T
D RINOVBMIH LY, ML T 2O RINTRRIT
KSR RIS LAE Lab, b2 MO0 [ ik e DA 22

WRIR2m (4178

#HICX » TETS3MEHREAMERDH .
h

GI.E ....... (8)
L, o REGSIBULS kg/mm®, K: MLy 2
DY SR T500kg/mm', A:BH mm,

L: 22000 E mm, 8: it mm

AOhARRE -5 KRt SORAMPERRPL
TRIMIRTET BTN S & 9395 P AR & OBIORALL B2
BLEERTH- TohE [-6 iRy, —F, MiLRD
R84 Rico & (-7~[-10 0{:!6#\-6& S5
Kol & ARIME O ORI ERNBAAOE (i~
L) BIUEA— b3y A5 ORML, WFONL 4L
(—6,) EDOMRERDALETS, 60X 52MRY

Gy

Fig. 8. Cancellation of residual compressive
stress by applying tensile stress caused
by bending the sample,
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Fig. 6. Calibration curve of eyepiece scule reading
4 of the instrument. The curve is checked
by measuring directly the difference of
total reflecting angle (4,—4,) by autocolli-
mator for samples No. l~d shown in
photographa from Fig. 7 to 10..
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Fig. 7. Sample No. 1.
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Fig. 10. Sample No. 4.
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