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Electron Fractographical Study on the Causes of Metal Failure

(1 st Report)

Observation of the Fracture Surface of
Some Metals by Electron Microscope -

EIJI AKIYAMA* TAIJI KONDO* YOSHIO KITUNAI*

The knowledge of the causes of metal failure becomes the only effective way to prevent following
accidents. But in the case of the service failure of machine or structural members, it is very difficult
to determine the causes of destruction.

Generally, the fracture surface of broken parts display markings which constitute a topographical
map, and often reveal the history of events preceding the failure. For a long time visual and low

magnification observation of fracture surfaces have aided engineers in their fracture analysis.

The electron microscope has a large depth of focus, a high resolving power and a large range of
magnification. From the observation of fracture surfaces by electron microscope (Electron Fractography
or Fractomicrography), some complex fracture causes may be more easily discriminated.

The main purpose of this experiment is to discuss fracture mechanism and to clarify the accident
causes from microscopic features on the fracture surface in service.

Tensile, Charpy impact and fatigue tests were carried out and the fracture surfaces were observed
respectively by electron microscope, in order to obtain some characteristic- patterns resulted from
several fracture modes. . .

" The test materials were pure iron, carbon steels (SS 41, S15CK, S35C), stainless steels (SUS 27,
SUS 38) and cast iron (FC 15).

Specimens for the electron microscope observation were made by two stage carbon replica method.

- Further some examples of machine parts broken in service were observed by electron microscope and
compared with test piece.

The results may be summarized as follows. .

(1) The tensile fracture surfaces of ductile materials (pure. iron, SS 41, S15CK, S35C, SUS 27,

SUS 38) were characterized by large and uniform dimples.
However, fracture surfaces of cast iron revealed no characterized features by their fraciure
modes.

(2) Charpy impact fracture surfaces depended on test temperature. River pattern was obtained on

the cleavage fracture region below the ductile transition temperature, on the other hand, dimple
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pattern was exhibited on the ductile fracture region above the fracture transition temperature.
Also both river and dimple patterns were seen on the region between the ductile transition

temperature and the fracture transition temperature.

(3) Striation and Cliff pattern were observed on the high cycle fatigue fractures of ductile materials.

Such striation pattern was one of the most.distinctive features found on many fatigue fracture
surfaces. Particularly, fine striation pattern was found in fractured specimens at the stress near
the fatigue limit.

In the case of fatigue test under a constant stress level, the striations were formed vertically
to the crack growth direction and the spacing was locally uniform in size.

For the whole surface, however, the spacing of the striations tended to increase in proportion
to stress amplitude and crack length.

In this experiment the spacing of the striations were observed varying between 0.1x and 6.5#.

On the other hand, dimple pattern was observed on the low. vcycle fatigue fracture surfaces in
carbon steels, but the striation pattern which usually ai)peared in high cycle fatigue fracture

surfaces was not found.

(4) The fracture pattern of a few machine parts, i.e., hook, bolt, joint plate, pin, well coincided

with these of test pieces experimentally made in our laboratory. :
As the result of these experiments, it was recognized that Electron Fractography is a very
useful tool in the analysis of service failure.

But the proper analysis with this technique depends on the preservation of fracture surfaces.
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Table 1 Mechanical properties of test materials

BOBROM OO MW oM OE

%ﬁ;‘}nﬁonlzr)lt Ten(sli{ge/nsl‘;rl%lgth Elgngation (%) Reduction of area (%)
;- 99,999 iron 10.8 22.0 — -
SS 41 30.0 48.2 32.4 62.3
S 15 CK 28.3 42.2 45.3 ' 67.8
S35 C 38.2 67.5 25.0 48.2
SUS 27 33.5 59.7 60.3 70.5
SUS 38 43.0 63.2 35.5 66.7
" FC 15 — 17.7 — —
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Table 2 Chemical compositions of test materials

A B M ok % w5 (9

C Si Mn P S Ni Cr
99.999%, iron — 0. 00002 0. 000003 — — — —
SS 41 0.17 0.03 1.04 0.009 | - 0.018 — —
S 15 CK 0.18 0.21 0. 42 0.014 - 0.014 — —
S$3sC - 0.37 0.29 - 0.74 0.020 0.026 —_ —
SUS 27 0.07 0.61 0.50 0.028 0.020 9.51 18.35
SUS 38 | 0.08 0.26 0.006 0.039 0.008 - —_ 18.32
FC 15 3.32 2.48 0.76 0.29 0.10 — —

HEslky, EhRABRCIIEE 10ton OERIIE EEEz T

R aEE BB Vibrophore % L. }
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— 25% ]

ZORR, ThbORBRT OEREK

Wrgraix, Fig. 2 @iTXkdc 420

M 5ETE5. Tihid Cup and
Cone # (Fig. 2-(a)), Double Cup #

(b) ' '
T

—~  Slant # (Fig. 2-(d)) <5 5%. chb
ABOWETMEED 5 %, Cup and Cone

[
——\L_W_—/____j ——ﬁ[ (Fig. 2-(b)), Planar # (Fig. 2-(c)),

o Fss T v° Double Cup B3 SS 41, S15

Specimen

CK, S 35C R XUWigkic L DEMEE
THME % BRbhizt, FC16 Tk
2 ThbOWWHRBREAE ST, §l

(e) - £

EEF AR L CE AR TR Uy

@ 5 Planar ;G h 7z, 7 SUS27

,<——-20<P—~'

¥ X ot SUS 38 13k Slant }ThH-

Fig. 1 Shapes of tensile specimens.
(a) S15CK, S35 C, FC 15
(b) SS 41, SUS 27, SUS 38
(¢) Pure iron

SlRBEBRAFOBR

723, Cup and Cone &, g1 biic.
3.1.2 HEOWMENTEE

I bOWEY B TFEMEC X v BE
LickER, FC 15 DAt oBECILBEY
Bk L OMEOHEL BT, Fig
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DOEEBE %, Fig. 3-(b) 1 SS 41 %,
Fig. 3-(c) 1% S 15 CK #%, Pig. 3-(d) i1
§$35C %, Fig. 3-(e) 1z SUS 27 %, Fig.
3-(f) 1% SUS 38 DfizERYy 7 E A8 &R
3.

i bd Dimple ARG HBHIHN R L
b D LR FIZFEEZINTHBEDED
2R DHY, HBHA Y% Lic Dimple
(Equiaxed Dimple) % Cup and Cone o
Cup DR Xt Cone ORI FE DLW

(2)

(e

(e)

- (a)
Fig. 2
(a)
(b)
(c)
(d)

(b) (c) (d)

Four fracture configurations observed in

tensile tests.

Cup and Cone type.
Double Cup type.
Planar type.

Slant type.

BIERBC IIT 5 4 DOt EREE

(b)

(d)

(£

Fig. 3 Typical examples of dimple pattern observed on the tensile ‘fracture surface.

(a) Pureiron (b) SS 41

(¢) SI15CK (d) S35C
BIEREECEZ I i Dimple Pattern

(e) SUS 27 (f) SUS 38
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DEEe Slant B0 AWE Loy, MR
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g shi. Fig. 41 S35CK o Cup OEX HE
bz Equiaxed Dimple %, Fig. 5 i Cone nDEE
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OWES LIcBg, Cup OELMBERE, Cup o
BERRAMEE L LTI T 52, BTFESE
X AWEOHEFERTIX T SO E L\ R
s B, & D7z Dimple OFARIITE O &4k

Flg 4 Equiaxed dimples obtained from bottom
of cup in the tensile fracture surface
of S 15 CK,

S 15 CK 5lEHE D Cup DERBZE IR
7= Equiaxed Dimple

Fig. 5 Elongated dimples obtained from cone
part in the tensile fracture surface of
S 15 CK.

§15 CK BIERME D Cone DMFHLE
A ni- Elongated Dimple

ERZ ST eHE
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X »TE{b3 525, Dimple dFs i Cup D
T} Cup DEETLIE—THB ELELZBNS. :
Dimple o~EDOFHE {GE+#)/21 1%, 0.54 2
b6uThYME RBAMR BRLECY., TR
e Bh, FBEECILBENE—BER . Ll

- BB OB BRETIT R 5 i

3.1.3 Dimple Ose4iiE S
Dimple DFAEBES LB 71020, ﬁ%ﬁﬁiﬁéﬁz
BLC—i#fic. Neck REbhiBETcHBLELL,

(a)

(b)

Fig. 6 Void formation at the specimen center
of the most heavily necked region by
tensile test.

(a) Section of S15CK specimen elongated
about 939 to final failure.

(b) Section of SS 41 specimen elongated
about 98% to final failure.
BIBESBAIT. X - T Neck O sk &
hi-z=7l

(a) BWROMHORLTH 983% EHLL
S 15 CK _

(b) WMEOMOERLTH 98% EH LI
SS 41



&BOBERECE T »ETEREIME F18)

Neck DM % EFEMEL AW THELRE. L0
R, RBRRE ORER OO LT 90% BED
E* & FZF i, 12U T Neck DI
RBNBE IR, 90% LITOER T #we Neck
PETRTES, HHcREBL B gEsh
e ote. S HIEHSEREC 05 & 2 ER
LTAEL Inon T ¥inh, FihEDE
Matrix » O THEENEBZ D, DI EEIFER
iz, Fig. 6-(a) XHEEREO MK LT 93% &
Bl B bR S 15 CK nZILORETHD,
Fig. 6-(b) 12# 98% ZEH Lict &0 SS41 OWIE
ERLICSDOTHSD. DL 5 Izl B o B
BEHENCELN LD — BRI HE LI W,
Clough Bz X » T2 0.31% C REFHO R\
THZEADBEINRT VS
IhHOEIAER ENEREE L LUL, AMEDR
RRATHROBBIRENE L DI S. T bk
CHEERELZT 5L 5 RECIGIRERT 5 &,
Matrix & BESRTF & OMO Btk J O B0 ME
PR B, Matrix k BRSBT & OB HN

IR HHEEABHINE DO LBbNS.. Th

DRIEMER T B MR O 5 REEE, Mg
A EhWRELTChHREIDZEI LD, XD
T, THODEIANGEDDCIER L TCERLRRD
B35 0rELLNS. Lichi- 5 EEREE
FEBE CHETIE, MR I
NEELDY “RER” L LTEHEIRS.

Beachem s X% Pelloux® iy, ZEfH oW 3
DOWRH B LEEFATRL, hbOMREE
DIEBRIC. X »C Dimple DIERNELT A EE2RL
T3, % Dimple DR & ST, NEDS X
DI EHRTHETCORBEROBIEKFELTHS
EBRT B, L LARFERIC AV Icifigh & ok
#i & ORC Dimple O K & JICEELHBIIFED b
3, #¥7- Dimple OB ORERE LB X 5k

* Zep By 50 mm OB AEECOWT, EREEELLEOM
6 LABORBRA ORI OMHY Omax D 0/0max %
TEHT.

—_ 7 —

NERHPBEINIONIDInd o lc. T OTRDHNFEY
PHHPOEE L L b, BTFRIEPELLE Of5H
TR IR X » TH/NEALATER IR DO L b
h5. 7r3 Dimple ok & 2k EEROEMG O MK,
matrix O ITELOEE® HRBEEPRERC X T
%#ﬁm%%%ﬁﬁé%@&%bha.

3.1.4 HHOWEW

—7, %EBEEg FC 15 .3\ Planar Eo\»
D BIEEATETH B, ThbOEmRIEFECE
HIBHETYELTEY, TOWEBBILTLL—E
Tikiev. $7nbb Fig 7-(a) REEMBLS
iz Dimple Pattern i {LIDFAETH 523, FEHERS
DTN E ERTRBEECchHS. i Fig. 7-(b) IfE
HREC B RonAMIEHE (River Pattern) 1
flr-ge (Fig. 7-(b)), B ICEREECR LD
L 4% (striation Pattern) r¥E{lowpg (Fig. 7-
(©) M—IBEEShi. =Dk 5 gD ER
Wi, U4 O Pattern 2NBELTE D, —F
DHMEET B BRHEERELEZE I his\ .
THHDRERRE LTEHHET =74 P eBEY - TF
HHECITHCBSRPIFEELTE D, BHOWRK, K&
X, SATIRRRIS & HigESk 0N B Y Bz T & AR
YR EEf% LIS EFRC L > T 5. 20
BRI X » TR E« DEELZT 50T,
—EOWHEHELTRIR D EEL DB,

3.1.5 BEZRROEH

D EOSRBEEROHEZREXEN T 5 &, —RE
FEMTEERC HIUIH BRI D B R B e ik
Dimple Pattern 2ViZ3h, BWEFERKR L CHhE
DOWEHREY R LI ki, 7A3=va58TikE
THBEIL B LR S TOFEERERC R\ T,
Dimple (Fig. 8) KX T\ 509, L LEEHT
& DIEHERRITCIE, —EOR#EEE TS PR EER
R R bhin,



- 8 — EXEZLEVRFHERSE  RIS-RR-19-3

(a)
Fig. 8§ Dimple pattern observed on the tensile
fracture surface of aluminum alloy
cutting chip.

TAIEEDE Y T O EFmCEE
& iz Dimple :

3.2 83 CRRAOEERA

3.2.1 RBEELEEOERMERE
BHERBRTESBHBC ATV, v F%EFTH
JIS 4 58BkH (Fig. 9) #p L, RBREER L.
EREEREEIREEC L > TELLEREENBDT, &
BlEEAY —50°C 225 +150°C ¥CZ %, —50°C »
(b) b —30°C OBHIEFTAL 74 AR LOERETE,
\ : o 0°C & 20°C 0¥ kIs ok, 50°C Ll ED$H
ARBEBHEFCTh I 1 AR 2L, Y
HLTHS 10 BUAC B £l L.

] M
(@
. () -~
Fig. 7 Some complex patterns observed on . 55 <0 >
the tensile fracture surface of cast . . .
iron (FC 15) » Fig. 9 Shape of impact specimen.
(a) Indefinite dimple pattern. ErERBT DR
(b) Indefinite river pattern. : . N Ear ) .4
(c) Resemblance of striation pattern. Fig. 10 3REERRC L > (BRI V Y v 1 E~ |

FC15 2|EmIicEies S i R & BR iR OB REC ST SRERR L 0TH |
& DTGB D, =k ¥—BBRET 82C, WEBBREE 50 |

|
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Fig. 10 The schematic relationships between Charpy impact energy and fracture appearance.

¥ MY~ = R — L HE OB

°C, EMBERBREIR —30°C Ths. WHEE~Z R
CHETH ERARBEC X - THETERBCE LR
DEDBIS. Tihbh —50°C CRERFUEOE
Fizel Rohd, £BEBOLL LeHREEFT
HEERANGEE (Cleavage Fracture) ThH %5 '(Fig. 10~
(a)). 0°C &ind L RBH OWEE LTI ERL,
Fig. 10-(c) TR BN X5 k~&HME L HKESy
L7-FEMERsTE (Ductile Fracture Surface) 2335
B, 20°C CILEEMEHEEO G 5 E &2 m3
% LAk, Fig. 10-(d) R T BIREMDERE (Shear
lip) AEHExh, ZOREXEBELBELEL 5.
100°C ) RFidsv Tk, BETE £ 4 23K GO FEEKE
(Fig. 10-(g)) wiss.
- 3.2.2 MElEnEE QMBI

ROV CEFEEEEE TR - iR,
WEIAT W DD EEERE: (cleavage step) M EHZE
dh, Thb OB AEE L CTHIERETib River
Pattern AR BN %S. Fig. 11 & Fig. 10-(a) »H5B
Bhiz River Pattern %#7x¢. Fig. 12 ©REA LK
A, B, CRRyYFuELFOBENMATHY, Mo
O RENIERE R L OB OEH LICREY, &

R EEoBEBLLTEHYRT. Thb OBERENI M
MNEERIDOEINC LTz »C, AL TKREEY
WERLLS LT aEARHS. TrRBER X TR R
EDRITIR - CHRETIHENE X5 THEIPRR
Eo—Er bRE LTEHCE 554 (Fig. 13) &

Fig. 11 River pattern obtained from impact -
fracture surface in Fig. 10-(a).
Fig. 10-(a) &R THE,LLE D R

River Pattern



Fig. 12 Cleavage fracture surface of S35C
at —30°C. Obtained from Fig. 10-(b)
A, B and C are grain boundaries.
Circled arrow indicates cleavage §tep
and coalescence of cleavage step.
Long arrows show local crack propa-
gation directions, _ B
—30°C DEHEBHEE»LELR S3HC
DESBAE A B CI3ERRLR, MOohoR
FIXBERAR & X O'BEBHRR D A R T
ROWRENL EHUDEE T

Fig. 13 TFan-like appearance of cleavage frac-
ture obtained from Fig. 10-(b).

Fig. 10-(b) wRITHELLEDLNLE
W U7-EEBmE

5.

BEEEE I 1: Step (BEBHEY) < River Pattern o
., ‘tongue’ LFHINBBREOVABEINIS (Fig
14 O&HI). ZHUEF G & matrix OFRECH 5 E6]
o THEEIN, SERCERLUTAYALES L,
PRBE LR H LT B5E4 L MEEINS.

ERZETRTERE
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Fig. 14 Twins observed on the cleavage sur-
face at 50°C in Fig. 10-(a).
Fig. 10-(a) DEERE Er@Eshic
Wk

b OEBRBE ORI, BAEE L XHOET
T 5 L OB FMBERPFET B ETHY, £O
72 O DB XN H HREOKREE {0
HUIERE (10057} iR - TETT 5 cdie, BB
B INB. Lichi- TEREOM 4« DH#IT D
FRERGRICKE L TR D, BB FEEGE CHRE

3B rEC LE—EOBE B IR EOWS L LTRDR

5.
BEEREY O AEREHE L L TRERPTEFEEL TS D
BAERP, EEEWC I -T75y 7 BHATER
ELbRABMOERC Y s TEBHBRAFR IR
508, ¥R UNAERA ¥l BERARO X
5 7 bR ABMBEEORVCER LY - 1ok, 2L
BEEIELNTEOERIVFTILOEEARE TSI
DT, BERBROENERSE DT LRHE® Sh
T\ 5.

3.2.2 EMWEOKE

—7, ®ARMEERECOWTRE L ER, Fis
15 ©wiRT X 5 5 IR & R & © xR, 7
3% Dimple pattern 3 HE S ii-. Dimple o k%X X
EREBEER LOWHEHOMER X - TEKRD, KR
BT AEEBEECIER 0.34 b 0.8¢ © Equi-
axed Dimple M&EHME I, BRIELBCONT
BE 1u b 5u DR Elongated Dimple iin
%%, F¥7-i% Elongated Dimple o [Eic #&/v /e Equi-
axed Dimple REFFET 2O HE Ihi-. Fig.
15-(a) 1% 20°C 'z, Fig. 15-(b) i 100°C -THE L.
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(a)

~ b
Fig. 15 Dimple patt(ern) observed on the
» Charpy impact surface of S 35 C,
(a) Test temperature 20°C. Obtained from
Fig. 10-(d).
(b) Test temperature 100°C. Obtained from
Fig. 10-(g).
' $35C DHEFECHLE S Dimple
(a) HBREE 20°C (Fig. 10-(d))
(b)) REREE 1000C (Fig. 10-(8))
7B E D Dimple %733 xS HBRIREC X 5 Dimple
OFEOHEE, FHOERNEEERCERTS &
Bbhs. :
SIRTEE & HRWE D Dimple T 5&, 5l
RBED Dimple O~FEII kXL, HMLH—71H
EREL, ThHOTEIHRE L. L LEBEEO
Dimple 1$—ic/hE<, E0 57 LB K &g
Dimple nsEc# /My Dimple 2RE&HEFELTED,
D DTEZIPNE .
RBEEN 20C Ll LoBaris, Fig 16 wRD
NB L5 RV RERS—RcBE s RS, RO

HRe B L xbELD L, ZOBRIFIF|ZMEE
nicEBRA- 4 r2WECEbLRId 0 L Bbh
%. Fig. 16-(a) 133 Cloe A v 24 FHMEEBIR
QB Lo TH D, Zhiext LT Fig. 16-(b)
BHEERCE 2V ZA4 PBAFELTCODRETHS &
EZzbhb. ' :
U O BEAZORKR» LHENEBBRET X
S TEOHRENRIL Y, BEBBREN EoFERcs
Wit Dimple Pattern 73, HEMBREEMNTC
1% River Pattern 7%, WHEEBBEE L E4BRE

(a) -

(b)

Fig. 16 Examples of fine stripes observed on
the impact fracture surface at 100°C.
(Correspond to elongated cementite)

(a) The trace of matrix stripped off
cementite,

(b) Cementite sits on the fracture surface.
100°C DEBEE Frfiggshic L ¥k
B ElgmizhicervaAr)

(a) ®xvxA bR

(b) HERCE2v L FIFELTHBREE
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B & Ok, Dimple & River OJf
Pattern AR IR 5.

33 EnWmE
3.3.1 HBRFOEIRE

S15CK, S$35C, FC15 % Fig. 17- -

(a) &, SS 41, SUS 27, SUS 38 i1
Fig. 17-(b) wRTHRC I LB
g TR REMRENRRBR TR,
Mgk oW UIHBOR E SOBRND
Fig. 17-(c) wRTRBFERWT K
R EENRBY EH L. B5ERE
RN L P ENIE &k T 5
fedi, JIS 4 BEERBIE T
HEHFERRR LTI, FEOHER
BRI OWCHEREE L.

SIEEMRENRBRIC X » THELR
S-N #M#% Fig. 18 wr$. Mghico
WTRENEEYE 5 L&D, EhR
BEixRD I 10,

3.3.2 BAREOWBATE

EFENET X ARRASEORBE, W
HEOMEREIEE, HEREC -
THREHRBRER > T\ 523, FCIS LI
AOFEEEIC I~ %< O U E B
e striation pattern 2R SRz,
Fig. 19-(a) 13#figk, Fig. 19-(b) &
SS 41, Fig. 19-(¢) 1x S 15 CK, Fig.
19-(d) 1% S35 C, Fig. 19-(e) 1k SUS
27, Fig. 19-(f) 1% SUS 38 DSy s
BIBERELKE 2R T ‘

— S EN R E L Fig. 20 R
3 X 55 BEEMRENEE & 2IEFEERD
WEngaEsh, FENBEIREDL
Ninaie 2 v x4 b RREHE S
BRBEENRDY, BIEEMENEEX
D LEGIEEY LTV BEERE.

2.8.3 Striation Q&K

Forsyth Uz kg, BN EE
TR ERFEL, PR TRREAM
IEHOERT 5T XD EB - TEER

EETHBM stage 1 &, XN

- EATERKFIEG A LTCEECEH

(a)
‘ /
(b) —r—— e — s G R —— ————| 42
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- S BNt N
N
€10 5 =
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Fig. 17 Shapes of fatigue specimens.
(a) S15CK, S 35C, FC 15,
(b) SS 41, SUS 27, SUS 38.
(c¢) Pure iron. :
ENRARR DR
;é - ) 4+ Ssusas
S ! e
i"ao : S515CK
x S5S41
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Fig. 18 S-N curve.
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Fig. 19

(a)
(b)
(e)
(d)
(e)
(f)

EBOBRGBFEACET 5 EFERSENOWRE E1H) — 13 —

(b)

S (d)

()

Examples of electron 'fractograph of fatigue failure under tension compression
fatigue tests. Showing striation patterns obtained from following materials
and test conditions.

Pure iron,

SS 41, 7.89x105¢cycles. +16.5kg/mm?2,

S 15 CK, 9.11x10% =+16.0kg/mm?2,

S 35 C, 8.82x105 -=+19.5kg/mm?2,

SUS 27, 1.03x105, +22.9kg/mm?2,

SUS 38, 1.61x108, =-23.6kg/mm?,

FIR-EMENRRC X » TEL OB FEMEIFE

NMEET S stage Il @b bz LAFRINR T T 5 stage I THYH, WREBBICENT

5.

13 stage I @?%fﬁ?@i@; L, BAEH

AEBRCAWCERBF I TR YR EYETD D INESI LRI LWED L EbRhE. CORHE,
DTHoT, FEITRCERFELEICH L TERA EEE- 4 A Y 1004 < By TOEBRITES 7



Fig. 20 Showing electron fractograph of
bending fatigue failure,

BT ENEEOBEEE

E2%EL, LZAEZACARBREL striation il
Pattern 2z xh (Fig. 21), # 1004 BN A -
2B 2 b AR EE B & cof, Fig 19 R
Lz k 5 CiBig 4 striation 23BZEIN3S.

Zh b striation 13 stage Il L\ C X BDERE
LcE R SN AENERSEEOMETH D, Fh
LD 7w v — X —CRECIXZIE—EDM
BT 3h 525, IBHEER XOERRIOHEINC
Lic o TREL RBERMNH 5. striation 13EH
DEELFTOXBEROBILLFTIOCHS L%
z2bh, ERCREROETHA (Fig. 22 FoR
HICRY) RN L CEALERINSGDT, ThbD
Er bR ENEELRC LBE, ERORER
FHETHT ENRTRETHS LBbhb.

3.8.4 Striation @I

—fe striation (X Fig. 22 shic TCR L7z tear
line ¥ 713 B (step) OMBEIh, Thb D
ThTMCEHLTOBHE 1% . Forsytht®
McEvily @ 1 o oEiBEI7 4 =Y 5D X
SEEBR =R F—DORVWE&RBEE, KE¥T &

PEREIN T D5, KRR AW SUS 27, SUS |

B I LDAFVVAMIDO X5 BEERfE=F V¥~

| DIEVWSETIX, striation 125 b ¥ L Tuins

- (Fig. 19-(e), Fig. 19-(f)). 73 striation 1IAM7E

RRERRROMET L I B h B 0,

© Striation OWHMTAIEEE LT, XZLEEIRE
L OEEH DR b &, FHEMCRE LR
R TR R UCEEYREO X 2wy 8

txw, RS HRREENETT50TERL

EERERMITERE

RIIS-RR-19-3

Fig. 21 Indefinite striation observed on the
fatigue fracture surface of crack
initiated region,
¥HORBMECHRE SNTHE -

7 striation

Fig. 22 Showing electron fractograph . of
~ fracturesurface under pulsating
© tension fatigue test of S 35 C.
Arrow indicates local crack pro-
pagation direction. T is tear line,

C is cliff pattern,
S35 C okigy FIRENEROE

J= striation BMEL B D0 & BbILE. kohbo
BB T DERCERR, A0TSR
X o> CEHDOETRNTHEIEZR BRI B D

', A—&HTELhBEETY Z OB X » T

striation OEHENRE 5.

3.3.5 - Cliff (3eeikis

—%, BREECILE 2 AL S AR striation OF
FETHER LD striation NEET HEH L O
w, HEEEFRSLEIREIR, chbidbr b



EROBRGBRECE T2 BTEMSENTE (B 18)

EF (cliff) © X5 1cico T 5. Fig. 23 o
Stk striation %, CIEHE RFoOmIT/bD “A1”
%, ROZFHOEEHERT. ZOEEREOH
RIS EHP B EEh 554 (Fig. 23) &, B
P Alee (Fig 22) Libhh, thboOFRR
D% L BFECRBRHF OSRARTAETEHLBESN, I©
BB EZNRDDOHE S KE L B EA DS, EH
ExFpOmE (cliff) DAREHEL LT, H%—>o0
HEMERUCE L B Lo FERMER LE
PNERLHE, ZOo0ZAUDEBAELINRDOE
BEELLS & LT, FihIAURERRAMGEHO
FECRET 5. COKR, striation OFETHE
LT OMCIEE RO (cliff pattern) 2BRE
NE3DTRIpVHEZEZDBRS. L cliff 2AELHS
DX » CTHEEENEREINCERER IR D
ThHE, FEIFIIEEREECIEEINLWT
THB. LrLEXEHEOER, K IR5IEENE
(Fig. 22) RRWTHEEINTE D, FIECHERE
A CIRBEIhNOT, EhEESEOWEBTHS
EBbhd: InBEEEFOMCTEITEBAEE IR
AEEHELTCE, HE—o0FE T b RH
RO & SEERIC 23D & TELR: 1 D
rub mark’ X ﬂa;}g;h,z)

3.3.6 MELFEIFEEORR
Hﬁﬂﬁékiéﬁﬂ&ELOMTﬁﬁTékﬁ%,

Fig. 23 Example of cliff pattern resulted
from tension-compression fatigue
test of S35C. Many rub marks
observed on the cliff, C is cliff
pattern, S is striation pattern,
Cliff pattern #7573, Cliff o ki
%< @ rub mark MBEbLI5.

PR3 (SS 41, S15CK, S 35C), A5y UAM
(SUS 27, SUS 38), 8 (FC 15) 0 4 I HIET ¥ 5.

MBI 3\~ T3, striation & striation D

TN BT oy OO fliv-i# (Fig. 19-(2), (c))
BB TS. XTI HES TS EELD
, MeynMDai7 o s £&% BV TTin - e ERER
LAEBECHD. REMCITE, KESBEDOI
W8I & R U 7 BIRETs striation MBI B3, R
REBENHT L striation 122 LRBEC T ) 99,
cliff R\ HELRT Lick Bhh BT
5. ARTVVARCETIRRFZ X b $ striation
DIERHARG T, pattern ZTIFLHCHES
., tear line ;FEETO striation OEHE D HE L.

—7, SHRIEIRER AR BRI B\ T
b, PHELEEERT—EOREHBIEEI R
P, —EBCBIRET: striation wwilc pattern (Fig.
24) MEBNS., L Lo OEEBRENEEYRT
striation DD, BHHCIE—EOWETTR D feDbs
BHEATHE LITEL. OB R L LR
I oteD, =0 pattern PELEINDA, Zhbit
— BRI C— OB R L TR AR
DT, ﬁ?ﬁﬁ%%i?éﬁﬂr?ékaﬁ%k
bhb. '

3.3.7 FesC Q&

Y RO ERBEEC R Sh 58, b?h@%A&
7274 PRI, RRATORSETH-T, HBEOH
# ok 218 PeC 708) BBEHBOBRC A D
DOERERIET 0 L Bbhsn, —RHBED

Fig. 24 - Showing electron 'fractograph of
fatigue failure of cast iron (FC
15).
SFHROFNREOBETH



b OB EBERLEDbh TS, L S3C
TIHEEO—Ii Fe,C (Fig. 25 AR 2R SR,
7x54 +E8 (Fig. 25 BH) 73} striation ST
WA ENTHHBEL b B2, Thidk Fel
DMGHRERFEELRE Lickd &L bhb.

3.4 BWEIPICHELI-BESSKORE

—RCERCEEDCEA IR T 5 EAML, 3.
TR LI L S RIEBHFERNC L » TERFREEDOH S
WEHBE R T LA LI 5. —HE -0
BYHPHEFCHERE YR LSRRV T,
BEERROHELC X » TN Z SO b 5 HE MR
DERBEINB I BIE, REORBRRER AR o
BRAOHECENCERATE 0L Bbh5. *
O CRRE IR LB R oW, FR L0

ERRERTNEHRE

RIIS-RR-19-3

Fig. 25 A part of fatigue fracture surface
of S35C. A corresponds to fer-
rite. B corresponds to cementite,

S 35 C ofnEEmcBEIhict
AVEA R

(b)
(¢)
()

Fig. 26 Photomacrography

of a fractured hook in service.

(a) Indefinite striation observed on the A region,
(b) Fine striation observed on the B region.

(c¢) River pattern observed on the C r
BEPCBR L7 v 7 OWE
(a) AZFCEE IR striation

egion corresponded to final impact fracture,

(b) B TEHEZEINI-PEL striation

(c) ﬁ&h@%&%&@_btc%fﬁgghﬁRwapamm



&BEORGFRACET2BTHEBENOTR FE1H)

ErETEREY A CHEL, EROERRERL
R L

3.4.1 7 & O LEBORHET

10ton K 7 v~ v BT 8ton O % H
Fe, 7w 7 DRUENRE 1B H OB SR L
Josb, Ty 7 LIREBENET L. Fig 26 €7y
yOREFEERT. 7 v 2 FAI RIS
25.7kg/mm?, BIEWE 47.5kg/mm?, fHOX 34%,
REGHE 0.24% D SF45 THY, 20°C x5
eI 9.15kg - m/em? THB. 07 v 7iTH4L
ST b UKIT B Tl 14X 10° EfEA S hic
L 0 L HEE SIBREES OB EREEEET 5
L, BT R LicoRIS L 25.2kg/mm? Th
51 DT, FENHEERRCTRREEREL DS, Tt
K7 v 7 ORUHAECEIEIFcE T L Bhb s
AL DD R B
FCIOEHEY VY I ) BEBRERY TR
STekER, W Fig. 26 @ A, B, C TRLE=
DOWRB AT, Tiobb A BT TAR R
striation (Fig. 26-(a)) 75, BI-CILEARE/: striation
(Fig. 26-(b)) 23, C#-Cix River pattern (Fig. 26-
©) BBREINLDT, 7y ZIXRLEDAS O
DA &L TENEEL RS LTEHRETL,
BRREEEYRE LicZ LR TE .

3.4.2 TLRARLEEO Ly MRIL b ORHT O
RY —FUVRTT N IROMIFIEES, Fv Ak
RRLEE (BEK 18ke) ZWAT T2 3AOR
AMED3 Y, 2AENEET B ERAKEC R - TR
&Lk,

B L7EA M W 38 THTES 5mm TH
D, BEHIE T b 40mm DR UI/CRE L.
AP FEAINEHBIIKRESEERE 0.08% @
SS41 Tthv, ABEOAEL I 10 Ao\ T5ERR
B SR, FlRM S OFHER 49.6kg/mm?
THY, BEMKELOXNTLALED R,
Pyt

F O CHER B Lie B OELA D 2B VS
Y ABER L, BEBETh-ciER, Fig. 2T ©
AT X5 e fEnEHWOBRMEYETRR T striation 23
R bh, FhEEPEC Lich O L #EEIhk.
34.3 H#FL4ILHHL—LOEMEARLIO

mlﬁ(ﬂ),
ERME Tton 02734 3 vr7v— v biRE

Fig. 27 Striation observed on the fracture
surface of a set bolt in service.

BEPCRE Licey PR PO
HicZE &/ striation

Fwy 7 (# 8.4ton) & H{EFEEA, <A FEH
DEEAN T BB Licicd 7 v— VBRI,
Wil Uiz A M RRROE 36mm @ 2 — + AR LT,
E1wALLE <AL LOBESH 12 AEFHIH
Tz, -
TR LIuS AL M ER ShickshE, B8
B X 82.5kg/mm?, fHOr 19.6%, RESHFE 0-44%
T S45C ST BHRTH Y, HENTKKNEE
BHRTTEV. IR EHMRE AL MR LT
SIS INE 30kg/mm? TH Y, ERMERICE T
1% 24kg/mm? ThHor EWEINTHS. '
BF LR b 12 K0 5 B 2 KOREA 720
C, Fractography AL OWEER A KR
Lic. Rt OBE S Fig 28 €ARbh 5 L35k,
A, BDOoOORRERBEEIh, ESNTITATIER
WE, BIIMEMEE & Bbhie. £ TEEHEY
Tl oickER, ABIET 7 2vERBERCRE LIS
X5 ATURE (Fo & 208 striation 7 2) IMEER SR,
Dimple (Fig. 28-(a)) 2R 5h, B#H (Fig. 28-(b))

12 Riven pattern Thbh, BERRIERL & FRIEER

HTH 5.

A OWTIIERBE L BEMNBIE TR - 2
BREMEONEDT, TOREEHLMCTBLD
w, 0.40% RFZEM|EFSTEFL 2 AENRBRET
rofefER, WEX Fig 29 ©R$ X 5 Dimple
THD, BV OHEEHE (AF) —KLT.
Liedin THEL MEEYA 2 VERK X - TEZRA
v, FOBBMBELYRT Ll LARETEL.
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Fig. 28 Photomacrograph of a joint bolt of
the crane in service failure,’

- (a) Dimple pattern observed on the
A region, '
(b) River pattern observed on the B
region, :
BRI Lic 7 V— v EMOBEA KL T

(a) AFTHEENh Dimple pattern
(b) BIHTHELE IR River pattern

RIIS-RR-19-3

Fig. 20 Dimple pattern observed on the
fracture surface under the low
cycle fatigue test of a carbon
steel. Ruptured after 65 cycles.

REMOEY 4 2 VENERCHE I
Dimple pattern  #E L% 65 [E

REPFRE®® g hrri=v aé&és
(17 S T-£) IR EHOEF 1 7 VERBECE, HE
L# N=9 [ECY —ERic striation & Ei>iv 5 pattern
PEREINTW A, RERCHGL 0.40% KEH
PR M OBEE, R LA 100 BIRE TS Fh
Wiz Dimple 73EZ Xh, striation i34 < #ED
BRI ol ERBET4 7 AVERRE (83.3) cH
Wis SS 41 oiBAL, TN E ToORR LI N=3665
ETH 1Y Dimple BRI TV 5.

3.4.4 RFTLyHFFTY v OEE®™

RE 6ton DRAF 7V FFY » ZICX VERFD
Jans B3 2ton OREEREERT S, vy SR E
DEALENEH L, 5V v 7B L. BHLE
BA&S BT HAINICHBHLFEERE 46kg/mm?,
RESEE 0.15% O SS41 ¢, 20°C ©RF BT+
¥ —EEfEL 18.4kg-m/ecm? THBH. BHIFRE
BLTCWEERMNL, vy ZEEd3haEEY vIE
~ R I & ORIOBEBREHERAOMEL L 5T, FLL
Ric 5T B b LEEAHL20.3 THHL, &KX
BV RSO 10.85kg/mm?, #=0.5 T 17.25kg/
mm? g 0T, HERREE RO RN H I
FEREEY R THREEND 5.

BEESANENO LR Y v IR BESh, ¥
e 5 MRo B CERR 2 @00 ) SHE
BE3hToic. L LIRLOBERE, BiFds
FRREFVE—Hw b, Fr—k— L EOBEERMREIE



SEOBEBERCEF » BT EMSNTE (5 1%)

Fig. 30 Photomacrograph of a fractured joint
4 plate of the crane in service,

(a) Dimple pattern observed on the A
Tegion.

(b) A kind of dimple pattern observed on
the B region.

(c¢) River pattern obtained from the C
region corresponded to final fracture
surface,

BERCHEE L2 v— v OEAS B OBKE

(a), (b) AHFHBIV'B “[37%"9{%67}%71
Dimple pattern

(¢) W Lic C TBEEIh R1ver

Pattern

Db,

ErmE Fig. 30 @i & 5 b B A ETR D
TH BV OrORLIROEAH Y, VSR
LIMBNBMIRE X B UK IRD S AHEER L
T3, WEHRHEOROLAROY (Fig 30 oA
BIUVB) @2 CEBERERTR -~ R, THE
TiEH %2 Fig. 30-(a), I Fig. 30-(b) wx
3 X 5 Dimple pattern pMEZEZh, ELXROH
BEAEOHETE (Fig. 30 1> C) » bk River pattern
(Fig. 30-(c)) DB INDT, ZOBEEEERE
%K%#B%ELKR%%&»@%HEhKIoTM
WL o LRI h.

(b)

(e)

3.4.5 TLRYTFyFE OB

BERCE L v A Y v i E S Fig 31 1o
AT CZOYVERAVWLREHEHIRE S E R 0.57
% Thich, BREEETE LA TR, HEO
BHEEZOKR, Fig 31-(a) & X3 bhThr
striation & Bioivn pattern AMEE IR, KN
g & Bl B BTt dimple pattern & River
pattern ORIV TERET /03> B qusai-cleavage pa-
ttern Fig. 31-(b) 2B 6H%. B OCVIHET
ERFCE DI EIR EDE E T » CEHMNAD, &
NEEAR Licb o L #E SN 5. 7ok striation
HBCBREINE 12, —BICRESHEDOS
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(b)

Fig. 31 Photomacrograph of a clutch pin of the

power press in service failure,
(a) Striation observed on the
surface of the A region,

(b) Qusai-cleavage pattern obtained from

the B region.

BERCHE L eV~ T VAD I T 9y F Y

(a) AT striation
(b) BIRCTHELIIHEREER

U HTRHR AR 20 7o & TlE, striation i3 % b BIRE
R WEBER D 5.

3.4.6 Fractography EHA_LOREE

DB E e U SRR o R E A B T EK
Bl - THRELCERTH S, ThboHEEPE
EERIOCE OB E RS —HKLTLS. Lot
o THREFCBE U B ol E % B TRl CRE
THL LRI ST, BEREERNETSZ L3RBT
HAHDOT, WHOBHEELET/I> Electron Fracto-
graphy (MSRSEEY OWERRORERL, BT
BERATESL D LBbh5.

L L bOBEBZY, HL % THRRMAE OB
BERYEHTZ DD —2>DFERTHY, HHEEE
BRI CHEERE2RETHZ LERTHS
ERbNS. ok LISHREFRCEE U BB EY
OWEZ, BCIBAEIR W), BERCb -
TR BERER X » THEOEMIERT 554D
EZ b5, ZORDEECRNERR L 2390 -
ey, 7 L BERROERT X AHET L
 RBEVHEHRDHHOT, BaORELI LERERY

fracture

RHTHZ EADETHD.

4. &

&

BE e RE T 5 BRSSO EERERY T
KEOMEHTEY, bR LT B b, Mgk R
FW, A7 v VA, ESLAGWCEE, HE, Eh
KRBT - TR B TERE XV BE
L, &he THEFCHEE L SRR RomE &R
PGS L HERE LIcER, RoEHRIAE BRI

4.1 Bl RB@E

(1) #hgk, SS 41, S15CK, S 35C, SUS 27,
SUS 38 %nMEMYHET 5 HHEOF I BHECE, HE
SFTIN T £R %, Dimple pattern 2EZE XN, W
BREECKH L CHERORERELET 5.

(2) FC15 k5 iiEtE%AE Lis\ # iz H
WricfE 4 O pattern NBEELTED, —EOEHE
BT HPRAEEBBIEEI . L, T8
OEO L5 A HOWELHE LT, BERRLHEE



SBEORGRERCET 2 BEFEMENIE E1H)

5z LXRETHS.

'(3) Dimple DKk SITHE, RBAHMR, Bz
QB X - TR DY, HREAMFEHCHESND
Dimple OFHEL D HKREL, LORIIREVES
P

4.2 BEWE

(1) HEEEIERREC X > TCrOHEBIER
y, EWBBREL T T River pattern 235, KEE
BREL OB Tk Dimple pattern 73,
EHBERRE & WEHBBERE & 0BT, Dimple &
River MW pattern A EZIN’%.

(2) BEBRFRBRKWTEZ I 5Dimple pattern
OPHRERABRBEC L » TR Y, RREBENMENS
A% B D/ Equiaxed Dimple 2 EHZ X,
SBRREN B2 B o Tk 7 Elongated Dimple
%, 7ot Elongated Dimple DR/ Equi-
axed Dimple EHELET HHBENE .

43 EABKE

(1) EEHOBEYVA 7V ERBEEOHH LT
striation PELEINDH, £k CIXF R & AR
C—ED AR E R THERBIAEZE S L.

(2) Striation X EHOEEF ALK L TR ITHE
I ATED, tear line F-l%L step DFEETH

THAEHTAEANDS.

(3) ByA 7 VENRPEEIL striation 23EAET
BE & B striation BNEETHE &L OB, H 5
a7l T cliff pattern VI KT
HLBEINS.

(4) #m (SS 41, 0.40% C jRFEM) DIEy 1 20
BONBEC LT & TR L 4, 000 HRETH
- C% Dimple 232 X, striation [TEEINY
U

4.4 BERCHELBEBRORE

BB BHE USRS OB E, SEBRAICRD
THEEFRBEES —BKLTE), BETEMREC I 5%
HBRZIERCBEY OWEERFERO BB
HERTE 5.

P EDERZECEARY B TEEFRC X - T
PEHELSE LS OTH B, I LI EEHE:
DEBRWRBERME SRS T, BTFEMEC L3
WHEHEE Tt Electron F ractography (}Z#5
Ee—BAYCERTES O LEBELREDT, 4%
ZOHECDNTERBH 2 D BHETHS. =D
TDOERBRTRPEE D DEENBERYRD B1DDE
HOFE L LT, BHESER L EEFE L ORG-S
WTRHE TR e & .
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; 7.

Electron Fraétogfaphiééi‘s;tﬁdy on the Causes of Matal Failure

(1 st Report)

Observation of the Fracture Surface of Some Metals by Electron Microscope
E. AKIYAMA, T. KONDO, Y. KITSUNAIX

Research Report of the Research Institute of Industrial Safety, RIIS-RR-~1{¢-3,
1~22 (1970)

Fracture surface of pure iron, carbon steels, stainless steels and cast iron
resulted from tensile, impact and fatigue tests, respectively, were observed by
electron microscope and their characteristic features were made clear. Some
examples of examination on machine parts broken in service were exhibited. The
usefulness of the electron fractography to such broken matters was indicated.

(2 Tables, Fig. 31, Ref. 26)





