Measuring stress in glass production:
a key quality control operation

ince glass is o beittle cnterial, mos
of fs Faldwres oocor @ minoee

defects discontinuitics,  locased in
areas owhene  lensibe residual  siresses
introcheced i manufacuring are  pre-
senl, Queliy controd of glass produect
must eliminate these poeneal failures,
and ensure that annealed glass does nm
contain resldual sresses above 3 Speci-
fsed bevel or that a heat-strengihened
alass comLaing 4 proeaive laver of com:
presswve dness. The produc speciflca.
tioms must  also  clearly  debime the
desired dress bevels,

As  an example, ASTM!  CI048
requires that a hear-arenghensd gass
must  exhibn  a  serface-compnession
erwrzen 3500 and 1HMpsi, or an edge
eimnpresEicn greaner than 5300pst, and a
fully 1empered glass must exhilait an
culge ardd surface compresson that @ e
less than 100N0pss

The glass-lempering  and  heal
arengihening is o hroadly used pracice,
not ondy in flat glass prodects, bt also
incressingly in the tableware, container

measuring of the oesibudl stress s a
fundamental qualdy oomirol opersitxn,
pecded Wy ensure the procuct

cunformanee. )

Gance glase & cransparent the maasr
mg of mesidual sieess is now only possi-
ble but  reasonably  sralghiforsand,
using phaioebsciry I.L"-i."'ll"lil:p.ll."‘\-

Measuring siress using the
phtelastic principle

The principbe of photoslagcty ane
wellbknown, and wsed for measuring
residual  stresses  in all  cransparent
materials., The optical schemase is illus-
tratecd in the Figure 1.

Seressed _gla.m hecomes  hirefrimgent.
A polarised light beam propagaes o
differem spoed along principal strossss
5 ard 5. Afrer crossing o thickness .
thee Fast and slow heams are separted
by a distance B {called retardation] thar
Is pelated 1o the dilference of prncipal
EITERREE:

and pressed-gkass indusmy o= 5y - 5y by
Whether the product is designed and R=5xtxdy
hl_'H_'::"FI.:_‘I'! 15 annealed or fempered,
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Measuring of residual
stresses needed fo
improve quality and
eliminate costly
breakage. This article
discusses ways to
improve the reliability of
visual inspection
processes. Also, PC-
based methods are
shown and their merits
discussed.

Alex Redner
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where CB is a material siress aonstant
(alsor ko & Beewster corstant), and
t Is the thickmess of maserl

Vsing visual of automated methosds
describe]  below, one  measunes e
retardaton B, ard caloubales the stress;

Gy

Table 1 liss the material constam Cg
for  some  commonly  used  glass
realeriale

Memsuring stress wsing visual
msethiods & colour chart

Ini the ._!.'imlﬂ.-e.-:e-:l approach one '.-'i.-:.ljlh_.'
absenaes the stress pattern. When a
sample exhibiting stress s placed inoa
pulariseope, a panern of variows colours
appears. An experienced Ooperalor wees
a oolowe chan (Table 20 to evaluate the
recardation, Friom the observed colours.

This chart can be used efectively
when:

B The retarcation is small Cannealed
glass)

m Apthe investigated location, the spec-
irnen slres 8 propedy aligned with the
anis of the polanmeter

® Only  qualicatve  nformation s
desired, and

B The operator (5 propery trained and

experienced.

The reliabilicy of the visual evaluation
can e greatly improved, when instead
of written description of 2 colour a cali-
brated reference sandard 5 used. The
reference gauge, shown in Figore 2, ix
placed in rthe polasscope alongside
with the ohserved] specimen.

The operator no longer needs to
judge the observed colour, or ey on
his or her colour memory. Mow, the
aperator simply matches the observed
partern  tx the gauge colour, The
reference standand is abo a valuable
temal and showld be used i operators
training.

Anabyser rotation method
(Senanmoni)

The method  permits  quantitative
measarernent of recrdation. The princi-
ple is dlustrated in Figure 3. A rodation
o of the amalvser will move the black
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Ther seemsstoviny o this methodd can be
grealy enhanced by placing of a e
plate in the field of viear Hiere again a

calibrted  relenznoe . gauge  placed

o calgpes sTiERs (v derraneireat @l risding a JIWET

alongsiche wah the specimen helps
operaor training and eliminates judge-
menl  errars occuming  in deciding
whether ithe Finge effeaiely orossed a
p=aint.
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Thee compensabar operition s simple,
the opentor moves the guamz wedpe
uncl o back fringe is observed a the
peanl od mewsuring (Figare 43 and 4k,
amd redds the position of the wedyge on
A oouncer o on g visthlke scale, Fyen an
inexperienced  operator con obgadn
dduarale 11_-.|-;,|i|'|”x :if[l_'| sore  mimamal
trniming. The compensator mest be cali-
hrared using monochroemac ligh.

PC-based instruments
The rellance on visual obsenvanon ol
codours  clearly  limits the  precksion,
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spced amd relabilay of inspection, In
e presem wechnological enviccament
wiere e emiphasia on cuadity of the
|:"'!'l:-.!|:l.'l and  reElethilay of  inssectEnn
eceline is very high, e maest ook
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The il ikl cklysis syslomes
INiASY (shown in Figure 50 wess o O00
cameera and a2 PC-moumed l.|iyifihin|.'
board, capalde 1o acquire the Emage on
an array of 511 x 512 podnes. The soft-
wane, that s cusiomised o e users
need, permis o pefom the reguined
guality control operdion. The inapeoed
4T 15 |":|:L| il I\.':-«.|_|:|||'|.' 1T |'|-_';,'|1;||-||-;,'|||:.'
in the field of view, and the imoge is
acemrired

The resull of the nspection penmils
typcally the Follow ing resulis

B Muximiuim seress weillhan i ansgae i
area, aml irs location

B Siress  profile  aleng  the
Inspction lime

® Full field inspection of stress, dis
plaved in isolxers {psewecky coloursd, ancd
§ Rejecn waming Dias mcthod e mist
|:|-' sl for inEEectn al anocaled |:.r-:'.-;,|
s Ot in upipleasme
heat-strengibened  ghiss can als be
inspected

sl o]

SCHTEE

The sress scanreers e based on the
spmeCrral Curenis arilysis (R4
approach. These instnimsenis (Figare 60
AN MEEASUre siress al a poinl very e
ralely Lrescdutson s Dmm b and very fas
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STRESS MEASURING
INSTRUMENTS FOR THE GLASS INDUSTRY
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