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A Basic Study on the Fatigue Crack Monitoring
Using Strain Gages*

by Tetsuya SASAKI**

Abstract : Fatigue is a major factor which must be taken into consideration to prevent fracture
accidents of industrial installations and structures. A lot of researches were devoted to find out a
method to prevent crack initiation due to fatigue. These studies, however, revealed that it was vain to
make efforts to completely prevent fatigue crack initiation. Then new design concept called damage
tolerance design was proposed and it has been applied to the design of fatigue critical structures.
The damage tolerance design is a synthetic method to ensure the integrity of structures during their
service life. Nondestructive inspection (NDI) is applied to materials and structures to verify the
required integrity by detecting and characterizing cracks and flaws. The damage tolerance design has
contributed to the decrease of fracture accidents due to fatigue.

Recent fracture accidents of airplanes, however, revealed that the damage tolerance design was
also imperfect. No one can detect all cracks and flaws by NDI. Some cracks and flaws are not
detected because their size is under NDI level which refers to the degree of resolution, and some are
not detected due to human error in inspection. These problems of the damage tolerance design are
rejected if all fatigue cracks which will result in a fatal accident can be always monitored. This idea
may seem to be unrealistic. But, fortunately, it is not necessary to monitor all parts of the installation
or structure. The place of crack initiation due to fatigue is almost limited to the stress concentrated
part and it can be easily prospected. )

Thus, this paper treats a basic study to monitor fatigue cracks using strain gages. Strain gages are
selected for the sensor in this study because they are small, light, durable and low cost enough to be
applied to the real structure. Two methods are proposed to monitor crack initiation and propagation.
One is a direct method which detects the change of strain near crack tip, and the other is an indirect
compliance method which detects the change of compliance due to a crack. An automated data
logging system using real-time multi-task processing is also developed to store all the data during
fatigue crack growth tests. Following conclusions are reached by fatigue crack growth tests ’using
CCT specimens: ‘

(1) Fatigue cracks can be monitored by the direct method if a strain gage is close enough to crack
tip. But the resolution drastically drops if crack initiation does not occur near the strain gage.

(2) Fatigue cracks can be monitored more successfully by the indirect compliance method. The
method has sufficient resolution even if the place of crack initiation cannot be precisely prospected.

Keywords ; Fatigue, Crack initiation, Crack growth, Damage tolerance design, Crack monitoring,
Strain gage, Automated fatigue crack growth test, Real-time multi-task processing
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Fig. 1  Illustration of a direct method.
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Fig. 2  Illustration of a indirect compliance method.

BiEa 7547 REOEEX

YORLY ICERE WA -0 5 & 512 L s
RBOePEEL, ZOLR->7:0THT—Y G, O
e Go oIS, XKRO XN TaAay7r47 VA
REEE, ZOEEFHET A2 LCED, EHDE
=V T ERAD,

AE2
=2 2
A=A (2)

7‘2731/, AEO, A€2 bi%n%h()‘fﬁf—?\/v Go, G2
WKLo TSN VT HOENLIBEEZRL TWwb,
3. F—HEAIRT A

DFAETF DI L BAEHESHEE=Y Y T BTS2
DIciE, HEF— VY X 7 ADOBESTTARTH

— 93 —

I Strain Amp. I——-I NEC
PC-9801VX

: 12bit A/D -
Converter
‘ Application
Strain Amp. PC-TRON

MS-DOS

Fig. 3  Schematic diagram of data logging system.
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Table 1~ Function and priority of each task.
BRI DBEELBEE

Task No. | Function of task Priority
Task 1 Detection of error , 1
Task 2 | A/D conversion start 2
Task 3 | Reduction of the measured data 3
Task 4 Storage of the reduced data 4
Task 5 Management of the detected error 5
Task 6 Keyboard monitoring 7
Task 7 Graphic process 8
Shell MS-DOS shell 6

Keyboard PC-TRON — EV: Event

interrupt Handler Timer Interrupt Handler

&-».

Stram Amp

interrupt

Fig. 4 Data flow of the developed system.
BELLSRATFLOT—4 70—

Wl ERLEZV TNV AL =S 770z
7 28D PC-TRON 33VIII THY, ¥ A7IXCE
ZE (Boarland # Turbo-C) TEERL 7z,

BI AT DNEBAE L ESLEER: Table 112, A7
BioF—% 7u—% Fig. 4 2 FTHTRT,

4. RERFE

41 H#HEMRURERER

WM I TN S =7 584 2024-T3 TH 2, HERM
DALZERR S R UBSRETIEE % 2 h Zh Table 2, Table 3
KT,

. BRI Fig. 512 T & 5 2RO CCT (hh &
AR BB & Lz,

42 EEEF®
EBEEEBIUHEI Y7547 AR 1 RXOFE

BERELEWFFTEEHRE  NIIS-RR-94 (1995)

Table 2 Chemical composition of the material used

(wt. %).
SHEMOLERS (EE%)

Si | Fe | Cu|Mn|Mg| Cr | Zn

Zr+Ti| Ti

0.1010.244.73|/0.57{1.43|0.02/0.04| 0.04 |0.03

Table 3 Mechanical properties of the material used.
HEM o EE
Tensile strength| Yield strength Elongation
(MPa) (MPa) (%)
48.8 34.1 24.3
A ¢ 11.2
‘ \ L
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Fig. 5  Test specimen configuration.
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Fig. 6 Load cycle versus x and A (for alluminum foil).
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Fig. 7 Load cycle versus x and X (for polyvinylchloride
plate).
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