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ABSTRACT

Effects of environment and stress ratio on the fatigue crack
propagation of polycarbonate have been studied. In first group,
the effect of weathering whereas in the gecond group of
specimens, the effect of annealing at 50°C,100°C and 150°C vas
studled. Teats were conducted at stress ratioas of 0.1, 0.25 and
U.50. The study showed that the fatigue crack propagation rate
(da/dn) of thlas material was Influenced very much by the
environmental conditions and temperature at each streas ratlio.
da/dN and the fatigue life were found to be faaster and shorter,
respectively, for specimens either exposed in the environmental
conditions or higher temperatures. Stress ratios below 0.25 gave
rise to softening in front of crack-tip leading to increase in
fatigue 1life. Long exposure at ambient conditions or higher
temperature of 150 °C lead the material to become opaque.
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INTRODUCTION
Environment and stress ratio have marked influence on the fatigue
crack growth rate of many materials [1-9]. In polymer also, the
crack growth behaviour may be different in different environments
because of environmental attack on the crack front. The effect of
environment on the crack growth under monotonic or static loading
has been discussed by Williame and Marshall [10]. According to
them, the rate of crack growth (da/dN) is well correlated with
stress intensity factor range ( AK) and energy release rate. In
recent years, increased attentioin was pald to the analysia of
fatigue processes in engineering plastics and polymer based
composites because of ita light welght nature which reduces
unergy costs in automobilea, boats and planes etc.. Polycarbonate
ls a thermoplastic ﬁolymer which has numerous uses. It 1Is used in
a variety of industrial parts chiefly in businesas machines,
electrical and electronic components as well as in window shields
of airplanes where it is subjected to repeated and varying

satresses. The details of environmental crack growth under these
repeated and varying cyclic loadings remain unclear. It is, thus,
worthy and of interest to investigate the faigue crack

propagation behaviour of this material in different environmental
conditions and stress ratios.

EXPERIMENTAL METHOD
Specimen pretreatment and preparation - Tensile type of
specimens were prepared from a big sheet of polycarbonate having
imm thickress. Specimens were divided in two groups and each
droup had three sets of specimena. The specimens of firat group
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Yere axposed to local ambient

cenditions in the ¥ard of DMSEDE
vhere temperagt re wariation was minimum e In wvinter teo a
maximum of 429 In. summer and humidity varfation waa from F{13
ta 95%. Speclmene were eXposad to the amblent environmantal

conditions for 3 montha , ¢ monthe and 2 yaaprg
of @apacimena from group firet, conalating of 20 apacimens, waa
eXxposed to the environment for a period af thrae manthe wharsas
the aecond 2et of epecimane of this group waga eXpoaed to the
Specimena aof third aet of
3 droup vers sxpomed for a duratlon af 2 ¥eara. Second group
o Epecimens, coneleting of tan fpecimena In each Bat, was heat
treated at djs érent temperaturea. The firat set of Bpecimena wvae
annealed at sp9c far a period of 480 houra [Z0 daye) whereas the
88cond sat of Apeclmens of thig ETOLR Vae annealed at 1009 for
duration. Thae last wat of fpedimena wag annealed at
far tha same period of 480 hourw, Single edge natched and
un=netched apecimens of dimensiona awm shown in Fig. 1{a}) and
1(b), wvare Prepared from each set of #ach group for monoctonle
teet (Tenalle teat) and for fatigue teste at dlffersnt estrega
ratios, R {(R=minimunm load/maximum load).

duratlon. Iat get

Monctonic tasta - Tenwile testa “ers conducted cp the unexposed
(controlled) and envircnmentally expoeed un-notehed epecimena .
Dus to #ahortage of @pecimena, thls teat wvaas not condueted for all
the conlidtiong. The teste wers cenducted Iin a 1p tonnes hydraulie
univeral teating machine load control mede. Tha
cbtained reaults have been given In Table-1.

Fatigue
generaty
Inteneity

teats - Fatigue tests “4ra carried out jin order +tp
crack growth rate{da/dN) against varioua strena
rangee [ AK) on beth environmentally expoeed and theat
triltldn apecimens. Far thia » 81l the apecimens weare provided
with 45 fotech having 1.5mm depth. Maximum lead for fatigue teat
wan determined, Un-notehad apeclsena were uaed for the
detecrmination af fatigue lives at different stresa amplitudes.

Crack growth rate detarmination - Fatigue testm were conducted
AT different Bireas ratios of 0.1, 0.25 and 0_50 40 am to

Caver
BOBLt of the probable conditiona ekperienced by thia member in
actual wservics condition. Tha applied load Fangs waa recorded

ueing the lead call of MTS machine. The crack growth waa meaAsurad
malntaining +tha frequency of fatigue test at dHz. The teat wag
discontinued aftear the fallurse of a speclmen. The fatigue tasts
“are conducted under lead contral mode.From AF (calculated bawed
an maximum and loade during the crack growth
dttirnlnntiun] and the value aof ctrack length [ L) abtained from
tha eXperiment, the atrees intenslty range, AK, vas datermined
ualng the equatlg?z
bk-AET,(u ........ (i)
vhars ¥ = [1.99-0.410a/w)¢18.7ca/v)?-38. 48 ¢asuy?

«53.85¢Car) ). (1iy
and U = Width of the apeciman
The incraase in crack length after various numbep of

fatligue
cryclea at diffarent B valuae and stress CRNges wers

recorded.
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laged on these recorded data and the above mentioned equatiane,

fhe plota between da/dN veraue AK were drawn.

Fatigue taate
expoged, heat

Fatigus teats for fatigue life datermination -
“ith un-notched apecimens, for environmeantally
treated and controlled c¢onditione were carried cut In order ta
determine the fatigue life of material under varlous conditi{ona
Ly sxplaring the total number of cyecles requlred for failure of a
specimen. Theee teats wera also carried ocwnt at different wvalyea
af  atresa ratioa, Fatlgue life determination teats with notehed
#pecimene were alao conductad at all thea streas ratlows.

RESULTSE AND DISCUSS310NS
fable-1 ahowa the teneile testa data for contrallad and
snviionmentally exposed un-notched palycarbonate apacimena. The
whtalned reaulta show clearly that the tenglls atrength of the
vontralled apecimena are higher with reapesct ts the apecimena
“ither exposed "at amblient envirocnmantal condltlons or heat
treated condltions. It can also be seen from the obtained data
that percentage of elogation does not show ma jor difference In
Ita valuea for all tha conditions, although an inereasing treand
“as observed by lnereasing the duratlon of eNxpoaura,. It was aleo
vbaervad that elthar by expoalng in the ODMERDE tnvigannunt for
the longest duration of 2 ¥ears or by exposing at 150°C fop 180

houre, the tranaparency of +the rolycarbonate wspecimens got
altected. Specimena were quite tranaparent for controlled, 3
"ontha and & montha snvicronmentally expoaed conditliens whereaa

dpeclmene sxposed fopr 2 ¥eara bacome opaque and were found toe ba
@lightly yellow In colour.

It can be seen clearly from fig.2 ta Fig.5 that both the fatlgue
life (expreseed |n Terma of total number of cylcles, N, for
fallure) and dafdN ara getting vary much influenced by eXpoelng
he polycarbonate speclmena in amblent tnvironmental conditlions
and alea at higher temperaturass. Fig. Z presenta the data betwaen
Inurease in crack length and number of fatlgue cycles at R = 0.5
for the specimens expoaed In DMSRDE environmental condltlena. Tha
‘ame data at high temperaturss at R = 0.5 hava besn premented In

Flg.3. Fram thesa data It can be seen that required number of
vyoeles for a alven increase In track length la maximum for the
controlled apecimen. The number of cyclea required to grow the

“vack for a known length g9ee on decreaeslng either by lnereawing
the duration of gXposure in the amblent eEnvironment oc by
iereasing the temperature of the environment. Minlmum fatigue
¥clea wers obtalned for the extreme condltiona auch as eXpoaura
tor a perlod of 2 years aor annealing at maximum temparatiure of
150%c, The same behaviour betwean the increass in crack length at
varloua numbera of Fatigus cycles was ala chaerved at octher R
raluss  of 0.1 and 0.5. It ia algnificant ta obaerve thart
fatlgua life of polycarbonats ig getting drastlcally reduced
slther by lncreasing the duration of exposure at the amblent
vnditions or by exposing the material at higher temperaturea.
ihm material becomes brittle upder both the gsituationa. Thae
wlops  betwasn crack growth ratse ¥eraus stress intensity factor
tanga at a particular B velua dela influencad very much either by
the anvironment (Flg.4] oc by anneallng the specimens at hilghep




temperatures (Fig.5) at R = 0.5. At other stress ratios (R = 0.1
and 0.5) also these two parameters have been observed to
influence the slope between da/dN and AK. Absorption of moisture
for a perjod of 2 Years in the local environmental conditions or
a maximum temperature of 150°C la sufficient to make the material
brittle material
polycarbonate
As a result
the fatigue life of the material is getting appreciably
was observed, from the present study, that atress
hag appreciable 1nfluen5 on the crack propagation rate
between 10 metre/cycle and 10 M/cycle in the case of notched
specimens of this material (Fig.6&7). There is remarkable
difference in the slope between da/dN versus AK for R=0.5 but
the difference is less for R=0.1 and 0.25. Maximum crack growth
rate has been experienced at R=0.5 for the notched and un-notched
polycarbonate specimen. experimental reaulta: highlight
that the effect of either environment or temperature is quite
appreciable at all streas intensity values under investigation.It
was observed experimentally that at higher stress intensity
range (lower atress ratio of 0.1) at the crack tip, the crack
propagation ig go fast that the effect of either environment or
temperature on the crack growth rate is leas in aome

cases.
Because of this phenomenon, the epecimens from various exposure
times and heat treated conditiona sahow more or leasas same

magnitudes of crack growth rate.
The plots between the percentage 1loss of
[percentage loss of fatigue life

controlled specimen - number of

fatigue life
=( no. of fatigue cycles for
cyclea for environmentally

exposed specimen)/(number of fatigue cycles for conctrolled
specimen) x 100] versus different R values both for
envlronmentally exposed and heat treated un-notched sgpecimens

show a minimum value at R = 0.1. As expected, the number of
cycles required for failure (N) of a specimen at R=0.5 (lower AK
value ) gahould be more than R= 0.25. In the same way, N for
R=0.25 should be more than R=0.1. But the data presented in Fig.
nos.8,9 & 10 emphasise that the N value for R = 0.1 ia more than

R=0.25 and R=0.50, which is an unexpected behaviour. The
behaviour can be explained only on the basis that higher AK
range (for R =0.1) may make the material comparatively soft .at

the crack tip due to heat generation effect and as a
this the value of N is more because the crack finds it
to negotiate through softer material. It has already been
reported [11] that an increase in cycle frequency decreases
fatigue resistance of several un-notched and nothed polymeras due
to hysteretic heating of the material in front of crack-tip. It

reault of
difficult

appears from this investigation that a load cycle frequency of
3Hz and high AK values at the crack-tip, obtained for atreas
ratios less than 0.25, are sufficient conditions for 8enerating

heat effect on the fatigue propogation rate. A frequency
alone is not sufficient to generate heat effect at the crack-tip.
It was observed from the present investigation that the
decreasea at low R values of 0.1 and 0.25 as compared to high
value of R = .5 due to softening effect at the crack-
tip.Softening a't crack-tip of specimen was physically observed in

112

The jirtement investigation. However, it needs
4tudy in future.

further elaborate

CONCLUSIONS
| Auhlunt'environmental conditions, temperature and stress ratio

influence the fatigue crack garowth rate as well as fatigue
lifa of polycarbonate.

“trema ratios below 0.25 give rise to heat generation at the

“tack-tlp to an appreciable level at operating fatigue cycle
ot JHz.

' MBoth, long exposure in the ambient environmental conditions
«nd  higher temperature, change the material from tranaparent
to Opaque.,
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Table 1 Mechanical properties of polycarbonate specimens
exposed to various durations in the ambient conditions

“ondltion of Ultimate Tensile Young'as Modulus Percentage
apecimana Strength (MPa) (GPa) elongation
antrolled 64,76 1.52 4.67
‘et ] 63.57 1.33 4.77
lat ) 63.13 1.27 4.98
lat 60.12 1...2.7 5.06
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