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Fatigue Properties of Short Fiber Reinforced '
Polycarbonate Injection Moldings

by

Hiroyuki HAmADA*, Kiyotaka ToMARI**, Jianyu X1a0***
and Zenichiro MAEKAWA™ -

The fatigue properties of short fiber reinforced polycarbonate fabricated with injection molding
were discussed. As the results, it appeared that the fatigue properties are affected by surface treatment
of fibers, fiber content, frequency of testing, etc.. The effect of surface treatment was same as that in
tensile test. It indicated that the optimization of surface treatment can be executed by comparing the
tensile strength of products. The specimen treatment ‘with an aminosilane coupling agent and a
urethane binder showed the best fatigue property in this study. By this treatment, the fatigue limit in-
creased with increasing fatigue frequency. It can be attributed to the decrease of AE energy during
testing. The frequency dependence, however, changed to quite the opposite under the elastic limit
when the fiber content was 10 wt%. It was caused by the thermal failure occurring at the surface of
specimen.
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Table 1. Surface treatment agents of grass fiber.

Glass fiber Surface treatment agents

content
Urethane binder UB

10 wt % y-Aminopropyltrimethoxy-silane ~~ APMS
APMS+UB APMS+UB
Untreated Blank

20 wt % y-Aminopropyltrimethoxy-silane . APMS
APMS+ Urethane binder APMS+UB

2-2 HHEE

¥ NNVEGRARRK (2K 216 mm, FATHRE &
70mm, EX 3.2mm, {8 12.7mm) % X271 2 R
RGO (B R SURPTS N1I00BH) % BV T
B BEEMR, YUY 5iRE200°C, £REE
80°C, &fHiES (1 RIES) 8.23 MPa, #R/E 8.23
MPa, fRIERH 7s, WHEEM20s & L7,

2.3 FEHRR

HREHE PAS-063 2 WV TEIRT TOEF AR
2T o7z, BEFRVBIEZEORE L RBHICS X,
S-N B %R 7/z. K LUEKEE, 2Hz, 10Hz,
20Hz & L7-.

7, B EEELE L R ORESE L T 5
Tt v A b0 v BB 4206 B R T, =
AWEFRBEL 7o 72, BEHE 0.01, 0.002 Hz
(Zax~y F#EE 2, 0.4mm/min) & L7,

24 HEEIE

FEH BRI BT 5 R OBWTE % AR E T NS
(SEM: AAZETH JSM-5200) % FHWTHBE L.

2.5 AEBIE

w7z AE £#71% 150 kHz #EREHRF (R-
19THH, 2h% & VB FITE O T E X
N DhdEAl~ 15 mm BE) L7 ALE IS 1 EEH 7.
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CA) X DR L /-, AE B3 {E (Physical

Acoustic Corporation 3000 acoustic emission) (2 H{
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IZBWVT40dB, AEFITEEOX L V7 ¥ FITBWw

"T20dB &L, 7Y 7OREFIRIZ60dB & L7
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BEICODAENISREST L AE 2T A0,
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Fig.1 B L O°Fig 2 CIEBG M5 BRI BT B S-N
ML RS (kK LEBEIE 10 Hz).

Fig 1 375 AMMEEER 20 wt% OBEERT.
FALTEEHI B L CTHRAIES (0max) 1% logN (N 138
Wi TOMELED OHINCE b 7% o TEBIED
LTWwh, Z0EMEBIE logh =45 2BV -CiH Ll
MO ERL, TOWRMAY I VEVEHEEL Y
HEVIEHHEEOFHFEROBENKREL B oTVA.
KELELEZ THZOEMIFE LT, wFhoie
b logN=45IZHNWMAY HEHF LTS, TDF
BlddoInHEMt I L TEYBENELRLZ LIS
BRELTWALDLERSNS.

Fig 21 EER 10 wt% DA ERT. 22T
b 20 Wwt% DA L FIRRICERB BB D LR,
logN=4.7 B L U°5.2 ® 2 BTS2 ) AR

Table . Tensile strength and average fiber length.

Glass fiber content APMS+UB | APMS UB Blank
Tensile strength 10 wt% 69.2 57.3 60.5 —
(MPa) 20wt% - 85.2 67.3 — 51.2
Average fiber legth 10wt % 129 109 161 —
(um) 20 wt % 224 132 — 104
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Fig. 1. S-N curve of FRPC, Fiber content: 20 .
wt%, Frequency : 10 Hz, Surface treatment:
APMS+UB (@), APMS (), Blank (O).
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Fig. 2. S-Ncurve of FRPC, Fiber content :
10 wt%, Frequency: 10 Hz, Surface
treatment : APMS+UB (@), UB (O),
APMS (D).
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Table II. Fatigue limit of FRPC at N=10° (10 Hz).

Glass fiber Fatigue limit (MPa)
content | APMS-+UB | APMS UB Blank
10wt% 19.6 1.1 15.6 -
20 wt % 30.0 23.4 — 14.3
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Fig. 3. Relationship between tensile strength
and fatigue limit, Frequency : 10 Hz, Fi-
ber content : 10 wt% (O), 20 wt% (@).
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Fig. 4. Frequency dependence of fatigue property
(20 wt%, APMS +UB), Frequency: 2 Hz (&),
10 Hz (O), 20 Hz ().
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Fig. 5. Frequency dependence of fatigue property
(10 wt%, APMS+UB), Frequency: 2 Hz (&),
10 Hz (O), 20 Hz ([O).
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Fig. 6. Acoustic emission responce of FRPC
during static tensile testing (APMS + UB),
Fiber content : (2) 10 wt%, (b) 20 wt%.
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Fig. 7. Amplitude distribution during tensile
testing, Fiber content : 10 wt%, APMS+
UB; (a) I, (b) I, () I
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Fig. 8. Acoustic emission during cyclic tensile
testing (0.002 Hz, 10 wt%, APMS+ UB).
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Fig. 8 iZIBMEEEE 10 wt% REHIOW T =H K
FREROIC B IV AE BB 0Bz RT. B
BROLEYE LHETH 572 48.1 MPa D1 &M
THEEITo 2. AEEZHIENOBBIZE b %o
THRL7. #E LT HE$ COEY 4 2 VToE
L7 AE E8#8 ¥ = avF—% Table IV icT &
Fo. H4 7 Z 20,002 Hz & 0.01 Hz 450 AE
FHEBELET AL, 1HEEICBVT2019, 2116
(BOBD0.002, 0.01Hz DHE) &, RBEEIEL
LTHIEFLALRULESRE TH -7z, 2 EEBLUEOY
A7 WVTCHRAETH 7. LHL, AE 2RV F -1t
LHEEOBEI, 2162, 1479 (BDBD 0.002, 0.01
Hz D5 L2, AEEFSEVEEIAVE -
BAhos. 2EBLEDTA 7V ThEEBRITEHVIZ
EIANF-REL Bo. 0F Y, FEBEEIHEML
Th, BHEOREBITITE A LT L VA, HED

’

Table IV. AE hits and AE energy during cyclic tensile testing
(fiber content 10 wt %, omax=48.2 MPa, APMS+UB).

F Cycle No:
re(gency Average
{(Hz) No.1 | No.2 { No.3 | No:4 | No.5 | No.6 | No.7
0.002 916 2019 416 531 510 846 1039 1057
Hits
0.01 953 2116 534 419 620 879 1029 | 1077
0.002 1009 2162 775 776 520 787 1042 ‘ 1002
Energy
0.01 669 1479 333 289 456 | 654 727 746
Table V. - AE hits and AE energy during cyclic tensile testing
(fiber content 20 wt %, omax=57.7MPa, APMS+UB).
B Cycle No.
re(ﬁ\ency Average
(Hz) No.1 | No.2 | No.3 | No.4 | No.5 | No.6 | No.7
0.002 1851 1064 170 297 1074 3094 3706 3558
Hits
0.01 1288 887 149 304 1047 2130 2221 2279
0.002 2070 1405 181 355 1408 3471 3980 3695
Energy
0.01 854 525 86 229 822 1589 1389 1344
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Fig. 9. SEM photographs of fatigue fracture surface
for 10 wt% GF polycarbonate (APMS + UB),
Frequency : (2) 2 Hz, (b) 20 Hz.
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Fig. 10. SEM photograph of fatigue fracture surface
for 20 wt% GF polycarbonate (APMS+UB), Fre-
quency : (a) 2 Hz, (b) 20 Hz.
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