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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 hlgh 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 0.1 and 0 Su.
On the other hand, dimple pattern was observed on the low. cycle fatigue fracture surfaces in
carbon steels, but the striation pattern which usually appeared 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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SEEMT BTN E 99.99% 8 (BLTRgk & 5D,
— R G R EHESR SS 41, BERAEERIRFEM S 15 CK,
A5 v VA SUS 27, SUSSS, tai 4854k FC15 @
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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

H 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 — —
$3C - 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 — —

HEBREY, EhaRBiciisE 10ton OBERBLE REEzT.

BT pefn aABR i Vibrophore % {FFH L7z, ,
BEOBEZ, REAFOWE EE acetylcellulose
film T X » TEFEL—BE V7Y »ic Chrome D
» P4 w2 e Ty, Ehicfmo B Carbon
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vFY maPER L, JEM7 BEFEMEY AT
Stz BREEFEREIC X ABRE, bTHEMEET
fIie 5 LHEEEORKEE R&led Bhhid 50T,
FiC 5,000 fETHELTTRVUBECE L TEO0LfE
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3.1 BIRWEE

3.1.1 HEOERHIE
BESBR A O, S 15CK, S35C 3108 FC
15 13 JIS 4 BB K (Fig. 1-(a)) %, SS41, SUS
27 35 X% SUS 38 12 JIS 5 BREH (Fig. 1-(b))
%, EFlfighiconwTit Fig 1-(e) ©
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(a) T~

— 25% ]
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WrigRR, Fig. 2 T Xkdkc4 2D

M aETED. $Tibd Cup and
Cone & (Fig. 2-(a)), Double Cup #

(b) ' '
T

— Slant ® (Fig. 2-(d)) Th 5. Zhbd
A ORI EBD 5 %, Cup and Cone

——\Lf ——ﬁ[ (Fig. 2-(b)), Planar # (Fig. 2-(c)),

fol #%s ;o Double Cup Hi3 SS 41, S15

Specimen

CK, S 35C ¥ XUMigk/c & DEMEEF
THMENC % B bhizat, FC16 Tk
£ ZhHOWWTHRBRRHEIRT, §

(e) S

SR T I U CE AT TR Ly

ﬁ——ZO‘P—*

3w % Planar T h . Fic SUS27

¥ L8 SUS 38 1= Slant BTH

Fig. 1 Shapes of tensile specimens.
(a) S15CK, S3C, FC 15
(b) SS 41, SUS 27, SUS 38
(¢) Pure iron

BlRABAE OB K

7=7%, Cup and Cone F3, b Bivie.
3.1.2 WHEOWENRE
S HOWEY BTEMEIC X 8K
LR, FC 15 DAt oBE LBy
B XL OHE BRI b b, Fig.
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3 KARTHYHRIROWEETH5L DLIFEL
(Dimple) pEZ XNt Fig. 3-(a) iTiigk
D5 R HE %, Fig. 3-(b) 1% SS 41 %,

Fig. 8-(c) x S 15 CK #%, Fig. 3-(d) i1

§$35C %, Fig. 3-(e) 1z SUS 27 %, Fig.
3-(f) 1% SUS 38 DfizERYy 7 E A8 &R
<

Z i@ Dimple LRI HBAFL T L
b DEMELFIEFEEIhTW3b0LD
2EERHY, HEHA-TM%E Lic Dimple
(Equiaxed Dimple) % Cup and Cone o
Cup DL Xt Cone DTEM AT DV

(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)

(£

Fig. 3 Typical examples of dimple pattern observed on the tensile ‘fracture surface.
(a) Pureiron (b) SS41 (c) SI5CK (d) S35C (e) SUS27 (f) SUS 38
BIEREECEZ I i Dimple Pattern :
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2RIy LT S Bl S, Cup 38 X Ut Cone
OB Slant B AMBHE UL, MR
Bl & IEiE Shic L 1€% 3 7edo b Elongated Dimple 23
gz xhie. Fig 4 1@ S35CK @ Cup OEX HAE
b Equiaxed Dimple %, Fig. 51 Cone DB
X 7 >h Elongated Dimple #7773

— i EREIE TIREEHM B2 Cup and Cone
DUEE Lics, Cup DELBIERSE, Cup ©
EEx R AN L LCERA ST 52, ETHME
I X B WEORLRR LT HOMICE LRI
Wb b\, & Oz Dimple OIRIZBLE D Fl4

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

S 15 CK B|ERiE® Cup DERBLZEIN
4~ Equiaxed Dimple

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

S 15 CK B[EERE @ Cone OIHICBEE
x#t Elongated Dimple

EERLEPFRTEHRS
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T X o TE b3 54, Dimple et Cup DK
<% Cup DEETHRA—THBLELDLNS. ‘

Dimple O~FEOFHE {(HE+H#)/2} 1%, 0.54 2
b 6uTHOME, REBRAMR BECECT TR
5D, BEECE NSRS ERS . Ll
SREA L&tk & O BN BIRE TR IR o fee

3.1.3 Dimple OSt&ikiE SR

Dimple DFEABER 50D, %%H‘ﬁiﬁéﬁ%
B L C—H Neck 23bhi-B M TRBEEEL,

(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 93% to final failure.

(b) Section of SS 41 specimen elongated
about 98% to final failure.
BBERBC X » T Neck DEHIHRS
ez,

(a) WEEEOMOICRLTH 93% ER L
S 15 CK _

(b) WHEEOMHOERLTH 98% ER L
SS 41
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Neck OHfEWiE % EFBMEFEL B CTHELEL. £0
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fuic. Fig. 6-(a) ZHEER O HONCH LTH 93% &
MLzt &xBbhi: S 15 CK 0Z=HORBTHY,
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THZEAPBEINR TS
CHBDOEIMAEH SRR E LU, AEDD
REATROFBRENELDN S, Tib D
CHBEHREZT 5L RECIGAINERT S &,
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HZeIl e BRFEEATHR IS L O L Bbh%. Th .
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AR INWRE L Th B REZDZE LD, 3D
, ThBDEANGEDHVIER L TCEHERD
BT b0 rELLRS. LAl CHIREEEE
FEMECHRETIUE, MR RICIER S e
INEFLA “RIFER” L LTHREINRS.

Beachem 3 Y ¢% Pelloux® %, Z=f.OFRIL3
SOBRBH DB LEEFATRL, ThbOHBRRE
DB X - C Dimple DRAETHZ EHRL
T\ 5. ¥ Dimple Ok & S, HEDE L
V2L NG T 5 E COBREFORBTEKFEL TS
LHBART B, L LARRIC B roiligh & ok
8L OREC Dimple DX & SPEELHEIED DR
3, %7 Dimple DEICZEADORERR LD L5 7

* L 50 mm O KEETOWT, EREFLELCLEDOMH
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NEGHBEI NPT oTe. TORDNEY
PR HEYOBEL Lk, BTFREPEML L Ok
SR T RN X o CRUNEAATBR SN B3 O LB
5. 7c¥ Dimple Ok ¥ Xk EFROBEH O MK,
matrix OIMTHELOZESE® REBEERPEEC X »T
%#%K%%%“Hé%@&%bhé-

3.1.4 SHOWER

—%, E@EEEg FC 15 .3\ CiL Planar #Eo\»
0 BIEHEMIETH B, ThbOEERIEFFCHE
M REHEYRELTEY, TOHEEHBLLTLE—E
T, Tiebb Fig 7-(2) TSN BB
#7- Dimple Pattern 3L OB TH B3, FEHEH
DFNEHRTCABETHS. Fi Fig 7-(b) 130k -
HE B B bh sl (River Pattern) i
ke (Fig 7-0)), BICEREECR RS
L ¥ j4E (striation Pattern) LELOHE (Fig. 7-
©) H—EBEEINE. 0 X5 ko5 RM
EiX, U4 O Pattern 2{BELTED, —&
DRMR AT B PR AHE AL EZ S his.
IHHDERE LTHEEEY =74 P2l TF
BOLCITHCESNEEL TR, BPOFIK, K&
X, SARER & ARG OM I B EE RIS T & M
CYIRE R LIS IERE - T\ 5. 20D
AR X » CHEIRE < DRELRT 5 DT,
—BOWHEHEBEREEVLDLEELBNRS.

3.1.5 BEHEROEN
PDEOBIEBROBEEELZENT S &, —BK
FEMEREEEC B AU A B RN T 4% BE fR e B T ik
Dimple Pattern 2% &h, WEFEECKH L CHE
OWEHEBE R L. 1, T3 =y sgeileh
THEILTE LR S TOFEREECE T,
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Fig. 7

(a)
(b)
(e)

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

TAIEEDE Y T O EFmCEE
&Nz Dimple '

3.2 83 C RRAOEERMA

3.2.1 RBREELEEOERMEE

BHERBRTL SBC ATV, v+ 2 ETH
IS 4 53k (Fig- 9) #fel L, RBEEER L
HEREREIREEC Y > TELLEEINBDT, &
BaEE A —50°C v +150°C ¥ T %, —50°C 7
B —30°C DEHIL VI AL 74 AR LOERSAFK,
\ : o 0°C & 20°C D&&i3kds X ovkee, 50°C Ll ok
FREREFC AN 1 BERRS 2 REL, WY
H LT 10 BUAC B £ L.

e M
@]
v
(¢)
Some complex patterns observed on ; 55 <] >
the tensile fracture surface of cast . . .
. » Fig. § Shape of impact specimen.
iron (FC 15). EERE - DTSR
Indefinite dimple pattern. BT DR
Indefinite river pattern. : . o " , .
Resemblance of striation pattern. Fig. 10 BEBRRC L - C(BBRALVY v~

FC15 BERMMICELS S i R & BB LOAREC KT AWE LR Lich DTH
% DFSRE b, =Rk A¥F-BBEEL 32°C, WEEBREE L 50
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Fig. 10 The schematic relationships between Charpy impact energy and fracture appearance.

Ve MR 2 F — LEEETHE OB

°C, EMBBREL —30C Thb. HEE <7y
CHET S LEBREET X o CHENTRCE LWEER
MNEDBNB. Tibb —50°C CRERRETEOLE
Fizs < Rohd, £BENSUHON L%/ T
% BEEAnGsE (Cleavage Fracture) ThH 5 '(Fig. 10-
(a)). 0°C it L BB O EEL b T ER L,
Fig. 10-(c) @A BND X 5 A~ EFHHE LK%
Ul iEdnsT (Ductile Fracture Surface) 2335
B, 20°C TREEMBEEO & 5E a2 MmT
% L FER, Fig 10-(d) wRTBIREXEEE (Shear
lip) nEHEIh, ZOBRERICLZEEL RS,
100°C [ RFiwds\ Ty, B £ 23 K GO
(Fig. 10-(2)) ics.

©8.2.2 MElEmEE OWBRTEE

B EIC S\ CETERSEREY TR - iR,
WEC T 2 DEEREE (cleavage step) 2%
Th, ThboBRAEHE L CHIERET b River
Pattern 23R5N 5. Fig 11 i Fig. 10-(a) B
Biui- River Pattern %7x3. Fig. 12 @i ALz
A, B, ClRYFExFOBENATHY, HO
R RENLEBEE 3 L O BB O B F LICiRRB %R, &

A EADEE L FmERT. Shb OBERRBILH
NEBEIXOEINC LA - T, AFELTKREEY
MR LLS LT HEARDD. tREER XU R
Y OB » TRETHEENE X 5 ThHHRF
Eo—EnbRELUCEBEN25E (Fig. 13) 3

Fig. 11 River pattern obtained from impaét
fracture surface in Fig. 10-(a).
Fig. 10-(a) @RI HE» LB/ DRI

River Pattern
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Fig. 12 Cleavage fracture surface of S35.C
at —30°C. Obtained from Fig. 10-(b)
A, B and C are grain boundaries,
Circled arrow indicates cleavage step
and coalescence of cleavage step.
Long arrows show local crack propa-
gation directions, _ B
—30°C DEHERELLBS NI S35 C
DEEBAME A B C I3 ERRA, MoFok
FIXBERAR 3 X OV BSBAB O & 6% 7R T
RUORHIL EHOMEE 718

Fig. 13 Fan-like appearance of cleavage frac-
ture obtained from Fig. 10-(b),
Fig. 10-(b) I HE»LB/BONIE
% Ul-BEm

B%.

BERAM 1 Step (BEBHEY) = River Pattern o
I, ‘tongue’ XEIN BV RGNS (Fig
14 ORE). ZHUIRGE matrix OREII 5 BLBH
KXo TR, SBPRCERLTAY RALBE L,
PCEE L2 E ML COBEBE L 2EEIhE.

Fig. 14 Twins observed on the cleavage sur-
face at 50°C in Fig. 10-(a).
Fig. 10-(a) DEERE LrBEIhi:
M

ThD OERARBEOREIL, KBS L sHORT
TH5HEE DEI SRV FEETHZ LTHY, £O
e O DB N D A HEORELEE (# o
HFUERE (1005R)} ©ib - THTT -9, BERIR
PR EINE. Licdhi- CERHEOB 4 DEEIz 0
FRBAGRCEKFE LTk b, ENEYETHEEECHE

T BLEC LE—EOEB IR H WS L LTRLR

5.

BEBRB: DAERME L L CIBERFFELTH5D
BAERMP, BHEHC L -T75y 7 LR
BT bR ABMOERC Y »CEHERER IR
508, FLR@EBPRUAARNA FXBRRNAO X
5 e bR ABNBEORWER L HY] - -k, Zhx
FEIDLNTLORMI VF L ELUNRIET B
DI, BEFRBROENRAL DT LAHE® 3h
TWw5.

8.2.2 EMWEOKE

—7, CAMEMEEERCOWTEE L EE, Fis.
15 w3 X 5 5 R & R0 iEnER, i
#>% Dimple pattern 238 5 7-. Dimple Dk X
BEBREER LOWEOMER X » TR, ER
B AEEBREHTCIIER 0.3 225 0.84 © Equi-
axed Dimple 2&FEHEIh, BRLCLBORT
BE 1y »b 5u k&7 Elongated Dimple & 7r
%%y, %i-1% Elongated Dimple o flic /v /e Equi-
axed Dimple REHFEETHONBE Shi. Fig
15=(a) 1x 20°C ©, Fig. 15-(b) % 100°C C=E 1L
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: (b)
Fig. 15 Dimple pattern 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).
: S$35C DEEHEEmCELZ Shic Dimple
(a) BREBREE 20°C (Fig. 10-(d))
(b)) RBREE 100°C (Fig. 10-(g))

T E @ Dimple 7R3 IoRREBREER X % Dimple
OFEOEEE, FHOERNEEEECERTS L
Bhhs.

BIRDEE & B E O Dimple #Milid5 &, 5l
EWED Dimple OFEII AR, HMHdE—1E
EREL, TRLOBEIXLKREL. L LEBEEO
Dimple 13~fe N, FO5HE BRI A XL
Dimple D3Ffgc /N Dimple RERHEELTHD,
ZThH OB XD

REAEEEA 20°C Ll Eogawix, Fig 16 ©RD
N XS R CEEES I BE SRR, o

HRe B L bELD L, ZOBRIFIFZMEE
nicEBRA- 4 2 ECELRId 0 L Bbh
%. Fig. 16-(a) 133 Cloe A v 24 P HMEEBIR
QB Lo Th b, Zhiek LT Fig. 16-(b)
BHEERCE 2V ZA4 PBRFELTCODRETHS &
EZzbhb. ' :
U EDEBEHEOKR» DEERFEIEBRER &
> TEOHERR ), WEHEBBREL EofiRcs
Wik Ewk Dimple Pattern 73, FEMEBEEUTT
1% River Pattern 7%, WEEBELE rLEHERE

(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



Fe L ORgTi3, Dimple & River OF
Pattern 2SR IN5.

3.3 EABWE

3.3.1 REHOENET

S15CK, S35 C, FC15x Fig. 17- -

(a) &, SS 41, SUS 27, SUS 38 1%
Fig. 17-(b) R TR INT LR
K OB I REREARB T,
Fige oV TIRMBO R E S OBRND
Fig. 17-(¢) R TRBAEZAVT K
FEEENABRYEE L. tRFIRE
FEE NI & N BE & R T B
e, IS 4 BEERBH XAV TF
FHSERREE R, AEOHEER
BRI THRE L.

BIEEHERRRBIT L - THRDhI
S-N #R% Fig. 18 wr$. #ghc
WOIERBE A B A L £, FhR
EiRDIh » 1.

3.3.2 EHAREOBBRHTE

BFEMET X AREARO/ER, W
T L ORECIGIRE, HEREE Lo
CREHREENRER - TWwB, FCI5 I
A OREHREC L —C &< O U E B
T 7% striation pattern AR bBITC.
Fig. 19-(a) 13HtigE, Fig. 19-(b) &
SS 41, Fig. 19-(c) & S 15 CK, Fig.
19-(d) 11 S35 C, Fig. 19-(e) 1% SUS
27, Fig. 19-(F) 1 SUS 38 0By
B REMRENEEZ T '

— RN R Fig 20 ©R
3 ¥ 5 CBBEEMRENNE & ZIERERD
WEngash, AENTIBERIEDD
R 2 v x4 bR B
INBBENDY, FIEEMENEEX
b LV EEY LTV BBERE .

3.3.3 Striation Q&ERRR

Forsyth1z X iud, FENEEIIER
TR ERREEL, PR TRREAM
T HOIERT 5T ECE - TERD
AETHBM stage [ &, IDREEN -
EATEKBIEG IR L TERCEH

EERERRFNREE

(a)

(b) “S4 e ————— L
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(e)

T
‘ . .
- SR &
N
K10 A
126

Fig. 17 Shapes of fatigue specimens.
(a) S15CK, S35 C, FC 15.
(b) SS 41, SUS 27, SUS 38.
(c¢) Pure iron, :
FENRBRR OFR
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Fig. 18 S-N curve.
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Fig. 19

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

RO RGERFCET % BT BB (5 1#) — 13 —

(b)

(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, 7.89x10%cycles. £16.5kg/mm?2,

S 15 CK, 9.11x105, =16.0kg/mm?2,

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

SUS 27, 1.03x108, +22. 9kg/mms?,

SUS 38, 1.61x108, +23.6kg/mm?2,

FER-EMENRARC X » T EEOETREMSTE

PRFETH stage I R H1FbRB T LARENRTH BT 5 stage Il THYH, HREABFTR T

5.

i1 stage I 0 FRURIELZ Do\ D, HBVIEH

ARBRCACIERBRA R ThA3ORELH TS NG LRI bW DL Bbis. ZOIHH
DTH»T, ERITRNCRKRFRENCH L CEA BA ORI B 1004 { BV E TOFEBIIFEL R
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Fig. 20 Showing electron fractograph of
bending fatigue failure,

S EREEOEREEE

BN, LohEoARTEEL striation w7
Pattern pigzz i (Fig. 21), # 10042 R A »
B s b BRI EE S CoOME, Fig. 19 ©x
Lk 5 iBiS&Er striation 2HEINS.

D striation |1 stage II T EAUDER
LR N A ENEESEOHEBTH Y, Th
LOIEIEI 7 v vi— X —CREICILRE—EDMH
FEeHEIN 5, BHEER O EHR I OHEM
LI TREL T BEAN D B, striation 1XJEJ]
DEELHTO X BEROBIELFRTLOTHS LF
2bh, BRI EBOETHR (Fig. 22 FoK
FICRT) BN LTHEACHERINEDT, Zhbd
B LB ENEEREE LeBE, SHORER
BHEETH LD TH B L Bbh 5.

3.3.4 Striation Oy

— iz striation 1% Fig. 22 i T TR L= tear
line %7213 Bk (step) OMICBE IR, ThbOEEE
ChEMCBH LT B5HE 2%\, Forsytht® 2
McEvily1® 1z X iuf C DEMER 7L I =7 AD X
S EEBRE= R OB VEBIRE, KEWT L

RPEIN TV BA, KERC T SUS 27, SUS

BB HEDAFVVAMID X5 BEX IV~
| DEVWEE T, striation XHE D EHL TR
- (Fig. 19-(e), Fig. 19-(f)). 7r3s striation i3AM7E
R R R OMET b T b B 99

. Striation DT AWML LT, FREEIR
& OEEY DI b &, TEERCRE Lic
IR FR D iR s UTESYESG D X Wemy sl
e, B EERERENMETT52DOTEHRL

ERZEWEMMRRE

RIIS-RR-19-3

Fig. 21 In_deﬁnite striation observed on the
fatigue fracture surface of crack
initiated region,
¥ HORSME CRES TR

7+ striation

Fig. 22 Showing electron . fractograph  of
fracture -surface 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 okiRyh FIERENEEODOE

4o striation 2VET 230 L BbiLs. HRIhLD
ST DR SRR, MEEOH IR
X CEHOEFTERTHHIEDR LRI B 0D

', A—fHTELhRBETY £ OB X o T

striation OEHENER 5.

3.3.5 - Cliff (3eeidis

—%, BREECI L AL Z AR striation OF
7o+ BEEIR L B striation MEET HEB L O
w, hrEEEF-EIEESh, chbidbrd
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o3 (cliff) D X5 ko T b, Fig. 23 o
Stk striation %, CIMEX2ESEHIT/hbb 3"
%, REZEUDEEH % RT. ZOEE FROE
RCILHTREHR R E S h 554 (Fig. 23) &, %
A leSs (Fig 22) L2350, thbDHAE
DELRECRABH DA BBAETLELBERN, &
NDBNE LD OES A e B EEAND S, 1H
EEEOm (cliff) DAREEE LT, bo—o0
FENMBE LCE L B Lo SRR ER L E
BRIDEE, o0 XUDEBRER IS DE
PEELIS LU HithXB8Rg A mEho
HECAEET 5. TOMKE, striation DT HE
LEE OMICEE R EOmE (cliff pattern) AR S
NBEDTRERVHEEZDRS. b L clif 23EHEG
DX o CTHHERI EREINBREER I i D
Thhit, FREFIEFNERCEZEI TS
ThB. LnLEELEOEL, HiEIEELEE
(Fig. 22) TRV THBMBEINTE Y, FIECHRE
HTIHE IR COT, FHIEESEEOHETSHD
LRBOND:. IeBEEH OB EFLHIER I
HEBELTUL, »5—00EE thiciisT 28N
RO & PERBERE 290 B o TIEbRR 1 O
rub mark % M};;}'LZ)

3.3.6 MHELIENEEOME

H E@FEJEk X BN TRET 5 & Mg,

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 %77/, Cliff ©_ i
%< © rub mark MREBI S,

%M (SS 41, S15CK, S35C), 25 v LAl
(SUS 27, SUS 38), ¢ (FC 15) 0 4 e FHET X 5.

BRI 35\ TiT, striation & striation MR

THRORFFiR < Oh o i (Fig 19-(a), (¢))
PRBN TS, ST BIcaNST 5 51 b
I, MeynUDai7 v 3 £4% AT » o ERis R
LRABETHD. REMo I\ TR, RESERDOII
WIS & R L7 BARET: striation AMEZEI M B A, R
REBEI BT L striation ki«%»%z:fyaﬁy;f; p a8
mﬁ%ﬁv&%%ﬁ:Ltaubnaﬂﬁﬁ%M?
B. ATVVASIER\CIEREN X b & striation
DIEABRARCHEL pattern A2 FLECEES
R, tear line ;R CO striation DEWHEE /A 4.

=77, SRISIREWE £ A ERBE I R\ T
b, BHELREERT—EOREMBIBEI T
s, —%Bkiﬁ%%fg striation . {i7c: pattern (Fig.
24) BAGRB. L oHEREREES RS
striation RDDy, BHBNE—EOWESTND Db
THEATHE LITTEI. 03B BEHE L3R
Role, = pattern BEZEINDH, hbiX
—BIC TR C— OB ER LT B AR S
DT, BWRFEREHET 5 EIC S 5 IR & B
bhs, : )

3.3.7 FesC O

P EofFEngEz R Bh%ﬁ’%ﬂi L\'ﬁ“h@%Ai}
7=74 RN, BATORETH- T, brEOE
(o2 218 FeoC T d) nEMABOMBIC A b
DOERERIET S0 L Bbh32, —BcHBEoD

Fig. 24 Showing electron fractograph of
fatigue failure of cast iron (FC
15).
SR OBENEEOBHETE
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3 DAk EEECELR TS, Ll S3C
TRBEEO—Hic FeC (Fig- 25 A KR LM,
7254 1 (Fig. 25 B#) w3lF striation 6T
WHEBAER SR TWABEL 552, il Fel
DS NEREELYR. Lickd e Ez bhb.

3.4 BENDICHIELICERSRAORE

— B R EH S T» SR AL, S
TRLI X 5 CHEERC Y o TEh RS DB 5
WEHBERT LALLM o, —TTRBCRE
EYFE R ER YRS LeBAR R\ T,

PR OBEC X » TN TR D b 2 HE MR Fig. 95 A part of fatigue fracture surface
HEEIN S BT, FEOERERISEEAR O ofS%C.AmnmmmSmfa-
EEO A E T DLE ) rite. B corresponds to cementite.
RREOHECHHERTE 5L 0L Bb. € S35 C AE R S e
CHREC S U BRI oW, b oW AVEAL

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.
(¢) River pattern observed on the C region corresponded to final impact fracture.
BEHPCBE L7 v 7 OH
(2) AWCEZSNIORBREE striation  (b) B THLZ ShicBIlR: striation
(¢) BpcEHEpELEC Ll CHTHZEShic River Pattern



&BORGFRCET 5 BEFEMBEITE (B 13H)

ExBETEMSEYRACTHEL, EROERBERE L
é‘zﬁ%’a‘ Lic.

3.4.1 7 v 7 Ok LE O

10ton KH 7 vV — v HAWTH 8ton D% H -
Feb, 7y 7 ORUEAE 1B H OB bR L
Jedb, Ty 7 LHRCBEAET L. Fig 26 ©7 v
7 OWHITEAXRT. 7 v ZIFHE IR BHIER S
25.7kg/mm?, B 47.5kg/mm?, fH0% 34%,
RESHE 0.24% O SF45 ThHy, 20°C £8IF5
EEfEX 9.15kg-m/cm? ChHB. D7 v 7ikFik
ShTh LEETT % % Tredy 1.4X10° EFEMRSh
{0 LIEESWBREI S X OB ERKY ERT 5
&, PR AER Lic RSN 25.2kg/mm? Tk
ST2DTC, ENEEYETREEREZL RS, o
¥7v 7 ORCHBAERCEIERCE - Bhi b
B P DBHAE bR,

FLTCLOWHE VY Ak ) BEEES T
oToRER, WEL Fig. 26 @ A, B, C TRLES
DOBRBE AT E . FTihbb A BT 7R B 7
striation (Fig. 26-(a)) %, BES-CILBERE : striation
(Fig.-26=(b)) ifi,. C #;Cix River pattern (Fig. 26-
©) PBEINDOT, 7y ZIFRLEDSS b0
DB L T o TRNBEELES LT XHERETL,
BECHEEELRC LicZ L3R T,

3.4.2 TLRRLEEOE Y FRIL F ORHFEO

RY —FUVRTT NI ROMIIELED, 7V AEHE
KELEE (BEWY 18ke) ZIMAF T2 3ADE
AND5 Y, 2 ANEEIT B ERSHEC T TR
E L7
CBBILEAA ME W 38 CETESR 75mm Th
D, BWHHIE T2 58 40mm O UHcRht L.
ANVICFEAIREEHBIIRESERE 0008% ©
SS41 Ty, AEDOALF 10 KO\ TEERR
F SR, 5IER S OFHEMEIL 49.6kg/mm?
ThH, BENRIELOXINILALED bR,
1.

L CHERHE LR b OBEL B 2B VS
VARERL, BEAEL TR, Fig 27 ©
T LS N X B O BT RS striation A3
BDOBN, FHEERES Ui D LEEIRE.

343 4543 5L —LOEHESKLID

m[ﬁ(ﬂ),
EBREE Tton D254 3 v 7 v—vic W RE

o’ _ﬁ
Fig. 27 Striation observed on the fracture
surface of a set bolt in service,
BEPCHE Licey PEL OB
ECBIZ S i striation

F ey 7 (5 8.4ton) B/ EFRES, <2 FEH
DELRN + DBEWT Lictedd 7 vV — v 2B L e,
Wi Lo A v MIEFPOR 36mm @ 2 — + LR LT,
Bl1<wAMLE2<A L LOBEST 12 AFEFIR
T, -
FHODI LS R b SR S hickikhE, B3
FRE 82.5kg/mm?, fHIX 19.6%, REEHEE 0.44%
T S45C NI BMBEICH Y, HENKIELE
BDERTWR. e REH LR AL MCfEB LT
FBIEIINE 30kg/mm? THY, EHRFHERICIVT
1% 24kg/mm? TH ol LHEINT B, |
BT Lo b 12 KD 5 B 2 ROREE BT =0
T, Fractography XAy OWERE R B
L. b ORER Fig. 28 RAbH 3 X5 K,
A, BITODOHEIEEIh, ERNCIIARIER
B, BILMEMEE L Bbhie. T CRESSY
Tl o leBR, APIE T 7 AENERCE SRS
X5 BB (o & 248 striation 7¢ 2) IR S,
Dimple (Fig. 28-(a)) 2R Hh, B (Fig. 28-(b))

1% Riven pattern ThYH, EREZE L AEMER

HTH 5.

A OWCTRERNBE L HENBE TR 12
BRIABELNIEDT, TORKRYH LT 5D
2, 0.40% RFEMaATEY A 2 VERRBRY T
TeolcfER, Wmi Fig 29 wR&$ X 5 Dimple
THY, AN rOEEHME (AF) L—HLTWi.
Lo TR MEEY A 2 VBRI X » T EBIpA
D, FTOHREEHEELRC LicZ E AR TE .
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¥ig. 29 Dimple pattern observed on the

fracture surface under the low

cycle fatigue test of a carbon

steel, Ruptured after 65 cycles,

REMOES 4 7 VEREECBE ST
Dimple pattern EELE 65 E

HRPMFRO CIIWEE TV I =Y 2658
(17 S T-O R EHOES 4 7 VENHEIE, #E
L% N=9 EC{ —&Bic striation L B3> % pattern
AEEIN T 52, KRR AV 0.40% R5EM
HR M OSEWE, #E L2 100 BRE T EL
W ix Dimple 2VHZ &h, striation T4 ED
bR ot ERBETA4 7 AVERRE (83.3) A
Wis SS 41 oL, BT E TOESE L N=3665
ETh 2Ly Dimple ZHEIRT 5.

3.4.4 RFTLyHFY v OEE

E 6ton DAF 7 Uy S F Y v 21X D ERFO
fams i 2ton ORERERSH, vy s LvA L
DESEENE L, TV v 7REELL. BHLE
BHeBC FR SRR FIRERS 46ke/mm?,
RESHEE 0.15% » SS41 T, 20C ©BiFHY v
A —EEfE 18.4kg-m/em? ThHBH. BHIIERIE
BLTWIENL, Vy SEEAShaEREY v/ E
<A M E ORI OBERER L O X 5T, FLL
Rir 5T B, & LEEREL 0.3 THE, &K
HiUF s 10.85kg/mm?, 4=0.5 Ti% 17.25kg/
mm? i b @ DT, FRRRElE LKL IS

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 BHBEL RS T ARESD 5.

region, . : BE4SREHO LR v R EESh, ¥
BEhC S L2 v— v EHOBEEEA T HF T 5 B0 B CEBR 2 BT 00 ) 7
(a) AT TEZEEhic Dimple pattern BEIxhTovic. L LI bOBERE, Bigdsk

(b) BIPTHEEINI: River pattern RE7VE—Hy b, 70—k VEOFERIEIR
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(b)

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.

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

BEhCHE L2 v— v OEASE DM%E

(a), (b)) AFLBIVBH»L Bi}’bﬁ_
Dimple pattern

(¢) BHEWNLL CWTEEsnt 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
Tw3. FEHRBOROLAROB (Fig. 30 0 A
BIOB) ©OWCEFEREL TR o fBR, THE
TiEH %2 Fig. 30-(a), I Fig. 30-(b) wx
3 X 5 Dimple pattern pMEZEZh, ELXROH
2EEOHE (Fig. 30 # C) 4> 5HiX River pattern
(Fig. 30-(0)) WBEIhDT, ZOBEESELE
BRMaH HIE LIRS 4 2 v O EC X » Tl
WL o LRI h.

3.4.5 TLRHTFyFE DR
BERCE L v A Y v i E S Fig 31 1o
AT, ZOEVEAWLhEMBHIRESEE 0.57

% THI, BIREOEEIHA LT, BHEO
BHEAEZEOFR, Fig 31-(a) ©RT I3 CbThe
striation & Bioivn pattern AMEE IR, KN
g & Bl B BTt dimple pattern & River
pattern DOHRHEETERE T /> qusai-cleavage pa-
ttern Fig. 31-(h) 2BEHNB. HRTOLIET
ERFCE DI EIR EDE E T » CEHMNAD, &
WEERRZ Lieb D LEE IS, 7tk striation
BB EINLh sl —RICRESHEEDOS
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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.

BEHCHE LIV ~F VAD I Ty FEY

(a) A% striation
(b) BIRCHELIEER

WIS B AR 20 7o & CIE, striation 135 % b AR
CHbhiWERRD 5.

3.4.6 Fractography HA_LORME

LA BB @ B U 2o SRR R D TR T % B TR
Bl > THELLEERTHDS, ThbHOEHEPE
EROCADNEHBL R —HL T3, Lk
o CHREB AR BHE Ure kB OB E % B TR CHE
THZ LRI T, WEEREZIEHTZ ERFRET
HBHDOT, WHOEBBEHETi>b Electron Fracto-
graphy 3R BEH OBWEFKOREL, FIHT
BEHTx5L0 LB 5.

L LN bOWEBREE, HL ¥ TR OB
BEREYIEHT DD~ DDFRTH Y, WEEE
R ET7n - THERREZRET 5 LIXERTHD
LRbNA. fo b 2 EREFPC I L RO ESY
DEEE, BBRIhTCwizh, BERn -
KBRS X » CTHECERIELTIHED
Ex bbb, ODEEICREER. L2300 -
oy, 7 U BRERROMEERT X 2WERE Y
 RERCBERHBOT, BAOREL LERERRY

fracture

AT s LN ETHB.

4- hi=1

&

B et 3 5 B B S DB R R F R 2 B
W O AT RS DB b T B ledbic, gk R
FEW, A7V VvAH, HEEEACCIE, &8, Eh
KRBT -> B a2 ETEMSEC XV EE
L, &b CHETCHE L ERERoREOET
PGS & LA LR, ROREwNE b

4.1 BlRBE

(1) #h&k, SS 41, S 15CK, S 35 C, SUS 27,
SUS 38 ST 5B O3 EHECIE, HE
BN TicEE . Dimple pattern pvgZEsh, B
BERERRCH U TABOREREZET 5.

(2) FCI15 0 X5 KEMLYHE Lt MR
WefcfE 4 pattern 2NEELTRD, —EOEHE
B 5 WA BERRLEE SR, Lo T3
DB X 3 EHHOBELHE LT, BERELHEE
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a5z LIXRETHB.

'(3) Dimple DKk SITHE, RBAHMR, Bz
REE X > TR B2, HREEANHECHEESIS
Dimple DFEL D HKREL, LOEEIREVES
.

4.2 BEWE

(1) HBEHEERREC X > TEOHENRET
y, EWBBREL T T River pattern 235, KEE
BEEL EOERE B\ TikEr Dimple pattern 3%,
HEMERRE L HEBBERE : OMTIX, Dimple &
River ™ pattern AHEHE I 5.

(2) FEBRHABI I\ TEHLZE X 5Dimple pattern
OPHRERABRBEC L » TR Y, RREBENMENS
A% B D/ Equiaxed Dimple 2 EHZ X,
KERBEEN LSO TA X7 Elongated Dimple
7, Ei-ix Elongated Dimple ® /e Equi-
axed Dimple WREHEHFET HHERHL.

43 EABKE

(1) EEHOBEYVA 7V ERBEEOHH LT
striation 2AREXINB2Y, 8 CIXEIRME & Ak
C—EOPREHE S THERRBIAE I .

(2) Striation ZEHOEEH MR L TR IEE
I ATED, tear line F-l%L step DFEETH

THAEHTAEANDS.

(3) @VA 7 VEIKEICL striation 2T
BT & B0 striation WEFETHHEE OB, »H5HE
ERIFocEH T cliff pattern 2R RFMC
HLBEINS.

(4) A (SS 41, 0.40% C kM) DEy1 70
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
TESRETRbLD 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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Electron Fra

Observation of the Fracture Surf

E. AKIYAMA, T. KONDO, Y. KITSUNAI

Research Report of the Research Institute of Industrial Safety, RIIS-RR-1¢-3.

1~22 (1970

Fracture surface of pure iromn,
t and fatigue tests, respectively, were observed by
Some

carbon steels, stainless steels and cast iron

resulted from tensile, impac
haracteristic features were made clear.

electron microscope and their ¢
ts broken in service were exhibited. The

examples of examination on machine par
usefulness of the electron fractography to such broken matters was indicated.

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



