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Monitoring of Mechanical Behaviors and Early Stage Damage on
Composite Shear Fastener Joint

Yutaka SATO*!, Takao UTSUNOMIYA*?, Takeshi TAKATOYA*' and Ippei SUSUKI*'

Abstract

In a structural material of the aircraft, the proportion of composite materials keeps rising more and more
because of their excellent properties on specific strength and rigidity. The part where a metallic material is
connected to the composite material increases by such circumstances, and how a structural integrity in such a
place is secured becomes an important problem. From the point of view, a principle of a method to monitor the
mechanical and damage behaviors using axial strain in fastener bolt was proposed. In this paper, we actually
made the fastener with an optical fiber sensor embedded in the shank of a titanium bolt, and applied it to the
composite/titanium mechanical shear joint specimens to prove the function of it through the tensile tests. The
results are summarized as follows; (1) proposed monitoring method is well available to monitor the load
transfer mode around the fastener hole, (2) we can detect the damage by the change of inclination in the rela-
tionship between load and axial strain measured by the fastener bolt, and (3) it was shown that the early stage

of damage of composites around the fastener hole can be detected by using the fastener bolt.
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AN NGO TAZEMT A LI ICL. B, 20
RV N ZHRTICHVLEIE, OFART =2 %M L7
EAGEYMEFMEFEEE 2L —F, |
JEdmm OREETIE, MITIRTLHIICAT— MRV B
WO ATy —= Y 2 i L, HAaMOBEIZE b 42D
Wz b % R 7.

52 KRB 2mm OHBRER S LUEER

52.1 Zv— kKRIVMHEADESERY FEOREER
1812, EETHEO N, A~— KV T, R
MATE B L 72 2 D O F oy — Y o) B X U247
From N ETIRVMEOEMRERT. ZOMIY, A%
—FRV N, OFART—=TOHI R MEOBERIE
24 KN A (BIHIZ Onset of Failure & 7k L7 H#155) 2055
RO EOWINI T 2L OWMOEETRKE L B o
TWALZeDbnb. 24kNLULEOMETIE, RV M2
MHREAWMEIL L SRV M FEmOFARIMA, R
N LI Y O A ORIARY 2 HERE I & 0 AL E s
HEZEAZ LB RN M HRO T A E 512N > Tw
LENEZLND. BIECHML2HEEE=%Y) ~
T & B L, 24 KN AHETHEAH NI T RS 2
DD FHTE A, B, AV MITEIZEAF L7z 2
ﬁ@UT&f~y®ﬁﬁhiﬁ§&%ﬁ&Twé#,C
NELDToZ LT RNEEZLNL, $4bb, O
FToA — T O E DS E L FEFRICET T T
Zk, TRV IMHEOMNITE, OFARTS— VAL
ToALEATIED ME L EEICEEIC > TV oz 2
ENEZONL. —), EREIOHRIE, IR mED
18 KN fHE ThH T 0% A BN 725, 28 kN i TR
WZHINE A 2 L 3bh b, BAEFOH TIN5 Dl
Lol 72 B ENE ARV MRS S EEN A E O
EhLETENT A2 LA B0, HFITMbBFIED

Strain gage

Oftical fiber

Smart bolt

P17 HEMEETO O RGN E

Strain %10 ®[m/m]
0 1000 2000 3000 4000

30 e =
it gL
% 2 ; Onset of failure
= S
- ‘F | t,
@ i
5
10 —— Smart bolt
Extensometer
Strain gauge |
a

i 1 i L 1 i
0 0.5 1
Displacement [mm]

18 A~<—bFR)VIHT, KV MIEOONT AT —D
B L OB & 515k ) mf E O B4R

WEIZXBRT Y URRICE ) BEDTRA T 2 #4550l
EMEPBLBEN2DEEZONL, TR L, 2
%@ﬁﬁﬁk%<ﬁm756u HERE I X ) A
VAT AR A R NP H=F (W

DloZenrs, A= KRV OISR E M
LIGO B 5IR ) MEOMITEMFOEN L) /S, &
DT L, A~— MRV MIEMEF LD L OB oS
MOBGEMILTELWEEOH LI LERL TV

5.2.2 HEEVWEICH T 3 IEEHE

BIETRLZEHIC, A= RV IFOHET] EMED
FIFRICIE 24 kN R CHrLli s ) (1 & o %fk) 2B,
ZIC, MRFRERA SN A519R Y ME AT 22, 26, 28 KN O
KwE (FhENn, K18 (a), (b), @)“ﬁttﬁ
H) COMFOLIRY KB % 1k THEAM O Wil 52
ﬁw,%%;$wbamb@@éﬁkﬁ%#ﬁnfw
PEPEBIE L. K19 (a), (b), (o) I, ZTZFNE
G OUIMAE B L OCHZER 2R L T\W52%, BIZHIE
BAM OB SR OEOWERE TH 0, BlEER
WV EBEEMI VRO E UL T o 2. Bl ICIE
SRR = V7.

20 (a) ~ (c) 12, ZhZh, 22,26, 28 kKN O & E
FRICBUF 2 A ORI E R L Twb. 120 (a) &
D, 22kN OB TGRS hWnwZ Lhavbhro 7.
26 kKN OEfTIX, 20 (b) OLHIZ, 0°fBITB W Tl
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(a) YIERLE
Direction of tensile load
R
Observation
(b) HEmE

P19 #Et OUIALE B L OBIEH

(c) 28 kN
B420 Wi OEBRE (2 mm)

MEDF VN FOJsA L, THEBELTVWL 4 BT
J& I HEDSZEA L T B DODSHER T & 72, 28 kN O HELT
X, 20 (¢) DEHITF v 7Ny FREMBEEZMZ,
BIE O AWHREE 2 2HgRsnrz. &8, 26,28 kN
DATTIE, BEEIERINAEBIEY Yy vy —12X 5
WRERANICBEE o Tz, D EOBSKRELKISD
WL Y, HAEMORLV MLAY CoOMPBEGIX, A~
— MRV FOMTIEFIRY M EOMBRICH A B
NDHETHELTWAZEPHERTE, Zornis
D EHCTHEAEMOMMEGOFEL KX 2 HEEDDH
LI ENbRrs, Tz, WMISLYH, Av— KL oW
TNEEAFHC L 2 WEOBEHEFTI L ) b R mTihin
2 BAFENTBY, ZOZENEA~Y— MRV MIE
MEtE ) S EAEM oMM OBELHILTE 5 Z LA%b
B F, RV MIEICEM LZOT AT E
IR MEOMBROTALEMATY I A~ — bRV M X
LENLIZIZFELETH Y, [FFEEOMIEG LT 5
CEDNTREEEZZONL, LALEDS, FLbohL
HEH > TOT AT =YW 35700, KL Mg s
BT EELUEERH LD, A= MRV FTIEEKT7 7
AN AL T OEDIARILE R RIINE L, K
MHREICIZEALRBIRVWEEZONS.

53 REAmm OFRBRER S LUEE

2112, HAMDERD 4 mm DEFED A< — F R
MEDEBRY WMEOMBEERT. M2, A+
— FEN MR L2 OT A —-YO, @, @ (I
MNALEIZE 17 2R) OB EFIEVFEOMRZ R LT
Wh, 21 LY, FIERY MEAK A0 KN L ) K EVEEE
T, WEIIHTHA~Y— MRV M OBEIMOE &K
EL o T () HPBEND) ZLrbhrb.
L7223> T, BIEIOHE 2mm OFERTRLAZLHIZ,
DAT— IRV IOHIJIZE B &, #J40 kN THEEM IR
VDN & AR E S FEE L T A Z LA
N4, ZOFELIWE WA0KN) T, FEBEICRL ML

60 -
50|
a0
30|

Load[kN]

20
10

PR RS RS SR SRS S |
0 1000 2000 3000 4000 5000
Strain X 10 ¥ m/m]

K21 BlIEYMEEA~Y— MRV IMH DD
FAFR (AE 4 mm)
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gauge @
gauge @

Load [kN]
[e)]
@
T

L 1 1 1 1 |
-6000 -4000 -2000 O 2000 4000 6000
Strain %10 °° [m/m]

X 22 BIROEEEAH RN Lz 0T ATr—
o) DR

P23 Wik OEBHIREE (4 mm, 40 kN)

Y OEEFIHEEFEN T L 0EPRIET 5720
P BN ZHD 35N (K21 DA ) &, 40kN
(21 ®B ) AMBEOEEM DR A VAo,
ABCIIE 7 18] ARV 1 O AR THT % RS 2 mm O 3ER & AR D
HETBEZTo72. M23121F, BEERO6E LT,
40 kKN A O A OWHEHELZRLTWA. 35kNH
fRFIY, BEIZEM LD, HEGIIERTE o7z,
L L%, 40 kN BMFEClE, K23 I2KEITRL7
ETARN O & 2 e [ i R Ak i % 52 C
&7z, L7edio T, R MLUEY OBEM I 40 kKN AT 2
LEHE LG ST TWA I b o, ZOEEE
ZAIEO BIE (1 40kN) (X2 DA~ — MRV bD
WP im2s ) NGO 2 L 13T K LT 5,
L7255 C, WE4mm OBES A~ — bRV PO
PIALHIATY) NG % 55T, Kv MLE Y oEE&H o1
JEWEEC X 2 RGO R A Il C& 5 2 L b b,
—7, H2200FAF =YD ERMEOMBRTIE, #
50 kKNfHE T AT — Y6 L U@ 12 8E#E 2 221L
DHERTESL, LALADS, ZOMETIEARL NLEDY
DEEMOHEMIEITRKE GHETLTWE Z L bnb.
ozl dy, Ax—=bRVIIOHTIETED WE
O X224 Griuih2sh) 2585 T, KV LA

D DG OIS X 5 WG O A4 % Hl T &
LI ENbYL. T, A= KLV IPOBHIZED S
D OREEEIE RN FFLEBE IS L2 0T A=D1
LBMBKELID O EL, OFATr—YTlERZLZE
DTELRVREOUHEMO D LEZ NS,

6. &

REFFECld, A~v— MRV NEEEL, Av— MRV
kEHAWEAM S SEE AWM TOF R ) KB x
TV, FICBT 2 WMELERBEOERB LR M
Bh BB EOERNILRL: O NFRHE=5)
YT B, A= bRV EHOTEOEMIC
M4 a2 To7. 512, BEM /75 ¥ &4
HMEFDFI5R ) BIEREBR L Ef L, HEM IR 2 2 LK
Waxag e LT, A~— MRV N2 B8R E OB
TREMEICE S AT 247 o 7. RO REREZ T LD D
L UTorHchs.

(1) 77 AN EFHDRAAZL TRV L (A7
— MRV L) ZEBIERL, ZOREREEZHRAN.
(2) A= RNV b2 HVBEFEE, TICB0 5%
BEE=F Y ITEELLTHM THL I L %,
FEERRYRNT 2> S B S 2 L7z

(3) A== bFFN bOHTEMEDOBBICHN LI
BYIZE o T, K MLUEY OBEEM O WIS % Bl
TLIENHEETH 5.

(4) A== FFN ML oT, WAMEMIZA L7220
FTHT — VDO REMEFC X 2 REZLOEHHE T
IR T E 2 VW R OBIG 2 L5 2 & TE 5.
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