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Frireiples of Thermal Shoek Testing

Up te abovt 25 years are, thermal shook testing, though practiced by
som firme, was performed in ar umsortrolled mamrer ard freguently pave erratie
results, This was #a in part te the veriability of the apperatus, which was
ofter ervde ard always urstardsrdized, and the method of using the apparatus,
which wee alveye Mc, was also unstardardized, This was natural, perhape
irevitable, for it is rot imvediately obviouws what fectors af’ect the severity
of the shook., It mizht be suppesed for instavce that 4f the bottle is trers-
ferred from a bath st 150° ¥, to a bath et 70" ¥, we have completely defired the
shook = it is & sheek of 80° ¥, differentinl, But thie is ret the case, The
shook proper, that is, the likelihood of breakese, deperds on & lot of details
whieh affset the echange of tempersture ir the rless, mot the differential detween
the tarks, Vost of those details conmeern the transfer of heet sorcss a thin
bourdary filam betweer glass erd liould,

For irstance if we wse baths of glycerire instead of weter, it tekes
twice a8 mush difi‘mﬁiul to break the glees, If we use x{mmuac eil instead
of glyeerive, then we reed three times ss muoh 41fferertial as with water, Heat
is trapaferred more repidly to weter, from hot rlass, than to most other liguids,
and thus the shook is grestest with water, Sinoe water is cheap, elesr, and
gevorally eorveriert, we returally use weter: ard siroe water is .mm'!?‘!.
patural to sssume thet thers is no further complication, This expectation does
rot work out, ©till water, for izstarce, i® muoh more gertle ther turbulert water,
sirce the latter brirgs rew, cold, water ir eortast with the hot glees, With
hard=lowsring of a locse bhasket of bettles enm & rope into the water, you get ove
result if you lower gently and hold the basket still, ard arother if you lower
rapidly and swill the besket around ir the tark, To standerdize the test you have
€o agree either to ewill or vot te swill, end eiree there must be some disturbance
anyway, it seems better te swill and do 1.t vigorously, There is & poimt bdeyond
which more wigor in swilling has ne effect, e therefore decided to oinahto the



tark water with a fairesised pump, This has the further advantage that it mixes
the water in the tark coptinuwcusly so that the whole temkful ie st the sane
temperature, snd is not "stratified™, while it gives as severe & shook &8 water
is capabls of pivim.

But rew the basket twns ocut to be met lust & basket or support, but
an infiveree wpor the severity of the sheek, If, in the present standard thermal
shook maohine, you put & eontinucus sheet of eny substenee, sush ae a pisce of
cardboard for instancs, botween the bases of the bottles snd the open grid om
whioh the bettles ure suppesed to rest, then yow bottles show up betier, Leoause
you have etopped, or eut down, the cirsuviastion of water over the bottoms of the
bottles, This reduces the uﬁrlty of the shoek,

If you de & good encwgk job eof obstrweting the water, you in effect
insulate the bottle ard it will stend sany "shoek" you like to give it, The remedy
is to make the basket as open ae possible, so that the shook is as severe as
possible., Tt carnot be mede mere severe indefiritely, erd if the basket is oper
enough, it is eguivalert to mo basket at all, Since we wart to learn about the
properties of the glesswere &1d rot tle properties of baskels, we nust use a
basket thet suflfiess to support the bottles but does not interfere with the shosk,

But ever row we have not completely standardised the irsulstion of the
bottle, for we lwet the bottle in & hot water tark, and wher we 11f% it out, a
film of water olivgs to the hottle, and this acts as a thin irsulating blarket,
Yie should 1ike to be rid of this flm, ¥e found that if we alléwed orouzh tine
%o elapse betweer hot tark and eold, the glase surfuoe sooled off a little end
the teet rated the :lassware too highly., 17 we wert as fast as possidle frem one
taxk te the other, the hot weter we trarsferred or the outside of the bottle
cushionad the shoek e little., If we took abowt 15 seconds , we seemed to reach
optimum, that ie, maxisus severity., For most of the hot water draired away or
ovaporated before the hot glase hit the ocld water, and yet the glass itself had
not eeoled spyreciably, Thus the transfer time becsme impertart, end we standardized
on & 15 second transfer,



But the severity of the shook does not deperd even cnm the chenge of
temparaturs of the skin of the bottle: it deperds on the tersile strees you ean
dovelop there, snd this in its turr deperds on the tempersture throwghout the
wall thickrese of the bottle, Thus if you briefly dip & bottle in hot water anrd
then plunge it inte eold, you do not develop the shook thet ecomes if you have
held the bottle in hot water long eneugh to get the glass heated right throwgh,
The physics or msehaniee of this is net hard to understand, but I shall not
eleborate on it lere, In the old daye people d4id vot always get their bottles
honted throughout, and this could produge grest variotiore in the severity of the
tost, |

It 18 important therefore tc leeve the hottles in hot water lovy enough
to elimivete temporetupe gredierts in the glass, Ve found that if we let the hot
water rot irelde the bettle, oo thet we heated the slace from beth irside ard
outside, then, with the rather thiokealled bottler of those days it took sbowt
{ive minvtee to reach stabhility. Ferheps with moderr thinemalled were we could
marage or less than five minwbes, Put we standerdized on five mimutes in those
deys exd it has rermired st five minutes, Ve eall this the seakirns time, The
water ineide the botile i & degres or two colder, as 8 rule, than the outside
eirculating water, but this is rot serious,

There remaire one other maior elemert that must he starderdized, apd
that is the time the bhettle is held in the eold tark, Ve found thet 30 seconde
"o sufficient, fresksre is rot imetartareous, but it is prompt., You must pet
give the bottles a more perfuratory dip in the cold water without allowing time
for the stresses to develop, but if the bottle does net break in & fow seconds
it will not break at all, the stressee beconivy lecs severe after a short time,
fo we stendardised or 30 seconds,

There are other thirge that affect the severity of the tost to a slight
extent, but wo believe then to de unimportant i» comparisen with those abeve dise
-m. 7o gumarise them: the liquid should be plain weter, the bottlee clean,
and both water and bottles fres of cil and gresse., The water should be eireulated
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vigorously and have free aceess to all the glase surface; fer this purpose the
besket should be of very open mesh comstruction, The bottle wall must be heated
completely throuzh in the hot terk: the tramsfer time should permit hot water to
drain off the bottles but should rot be ercugh to permit the bottls to eool: the
time in the eold tark should be encurh to ermit the developmert of the meximum
stross but peed rot be mush longer, The ireide of the bottle should be filled
with hot water, and this should remsir in the bottle (snd rot be emptied) while
the eold shoek is administered to the cutside,
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