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Crack Length Measurement with an Ion Sputtered Film
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Crack length measurement and crack initiation detection in a fatigue process are extremely
important techniques in the researches for the investigation of crack growth characteristics and the
fatigue strength evaluation of machine elements. The purpose of this research is to show a simple
and high precision method to measure the length of a crack as well as a micro crack using an
extremely thin ion sputtered film. A grid pattern ion sputtered film was proposed to measure the
crack length for a bending test specimen. Based on the comparisons between the measurement results
and that by a microscope, it was clarified that the grid pattern ion sputtered film has a very high
measurement precision. This method should be invaluable and practicable for the crack length
measurement of insulating materials such as ceramics. Meanwhile, a rectangle ion sputtered film was
used on a metal bending specimen, the possibility to apply the film in the crack length measurement
of a metal machine element was confirmed by the change of the electric resistance of the film with

crack growth.
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Fig. 1 A grid pattern film and a rectangle film
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Fig. 2 Grid pattern film for crack length measure-
ment
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Fig. 3 Relationship between electric resistance and
crack length for a grid pattern film
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Fig. 4 Crack length measurement for a bending

specimen using a grid pattern metal film
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metal film

SR B A 100mA LLTiZ/ 5 & 9 ICATER
MM EEZREG L, B ERPOLSBERGOE
EiZ A/D EHBEBLT/A—VFrara—F T
RE&kEND. vV 7 EEIL80Hz ThHD.
FHERICE B2 7 ) v RKREBIREIGOEBED
BEE6ICTT. WEICLIZABHOEMIZEL-T
BEOEFE DAL E L Tz, &RBEFSOE
FEI/MEREBNE EN TS0, BERSIIRE
RICERELTWBZEMmD, R (Q) DRTLEBY, 7
Y v RO3ERICYIN S BRI O BRI OR L
FIZE bR HSEEDN S L) 3R I . BBE
RO BEDOMREEFNCOM =7 ) v FOREN
bbb, ¥, ERERROBERFEESOLL LAY D
BRI ZRHOKRIZZ ) v FORILHB EEZ bR,
a7V v FOROHEEE w IXEOEIIEMN
LOR () PoRDONIEBES a LRALIKRS.

==



1000 ARy Y EBEC L2 EHREIOHE

0.7}~ The snapping instant
& of a grid

lllllllllIILAL

1000 1500 2000
Time ¢ sec

Fig. 6 Electric resistance of a grid pattern film

during crack growth

Table 1 Crack length measurement results

Number| Total width | Estimated |Error of estimated
of cut | of cut grids | crack length | crack length
grids | Zw; (mm) a (mm) Zw; -a (mm)

1 0.161 0.158 -0.0029
2 0.307 0.309 0.0018
3 0.451 0.460 0.0093
4 0.606 0.624 0.0175
5 0.774 0.788 0.0144
6 0.95 0.959 0.0091
7 1199 e 1.122 0.0045
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Fig. 7 Method for making a fine grid pattern metal
film
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Fig. 8 Electric resistance of a fine grid pattern film during crack growth
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Fig. 10 Electric resistance of a rectangle metal film

during crack growth
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