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Impact Fracture Characteristics of Cast Irons

Synopsis:

Toshiro KOBAYASHI

Fracture mechanisms of cast iron under impact loading are not understood so clearly as under static
loading. In this study, the instrumented Charpy impact test has been carried out on an annealed grey cast
iron with ferrite—pearlite aggregate structure and an annealed nodular cast iron with ferrite structure, and
an analysis of impact fracturing behaviour and microfractography on the fractured specimens have been
performed.

Impact values of grey cast iron are not affected by specimen size and notch effects, and these values are not
changed by temperature. The fracture process of the grey cast iron can be divided into two stages from
the observation of load—deflection curves; i.e., crack—initiation and crack-propagation stages. In the
initiation stage, the flaky graphites are cracked and these cracks propagate unstably in the next stage.
According to the result of microfractography, cleaved graphite cracks are connected by intergranular frac—
ture and, in some cases, cleavage or tear fracture of ferrite.

In the nodular cast iron, a transition behaviour with temperature is observed. Especially, in unnotch—
ed specimens, this transition is observed clearly and the energy absorbed is mainly occupied by the work for

crack—initiation.

However, in notched specimens, the impact values are reduced largely and a load—de-

flection curve of the crack-propagation type is observed. From the result of microfractography, graphite

nodules act as a ductile crack nucleating site.
rester of cleavage crack propagation.

At low temperature, however, graphite nodules act as ar—

Further, fracture toughness values of such a low strength brittle material as cast irons are evaluat—
ed from the unstable fracture load during impact; these values nearly coincide with the unit crack—pro-
pagation energy measured from the area under the load—deflection curve.

(Received Jan. 29, 1973)
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Table 1. Chemical composition of
materials (in wt%).

Material C Si Mn P S Mg

A 3:19 | 2-48 } 0-51 { 0-015| 0°032] —

B 291 | 2-83 | 0-58 | 0-011} 0-027 0-05

. Microstructures of grey cast iron (A)

and nodular cast iron (B).
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Table 2. Tensile test result of cast irons used.

Tensile Streng-{Proof Stress(0'2] Elongation

Material th (kg/mm?) %, kg/ mm?) (%)
A 1 a3 L 136 1 o9
B 325 | 266 ;56

A : 30mmg anncaled grey cast iron
B : 30mm¢ annealed nodular cast iron
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Fig. 1. Result of Charpy impact test on grey cast

iron. E; : graphite cracking energy.
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Fig. 2 . Result of Charpy impact test on nodular

cast iron.
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Fig. 3. Correlation of Charpy impact values deter-

mined by the indicator of a Charpy
machine and recorded load-deflection curve.
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Photo. 2. Typical load-deflection curves obtained in various Charpy specimens of

grey cast iron.
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Photo. 3. Typical load-deflection curves obtained in standard size (10X 16X 55 mm3)
Charpy specimens of nodular cast iron.
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E : fotal absorbed energy

E; : crack initiation energy

Eo crock propagation enerc
P, : graphite cracking foad

Py : lower yield load

Pn: moximum load

P : fracture load

R : arresting load

D : total deflection

10X 10X 55, with V notch, Al-killed steel

(C 0°12%, —30°C)

10x 10X 55, with V notch, grey cast iron (21°C)

10x 10X 55, with V notch, nodular cast iron (21°C)
10x 10x55, without V notch, nodular cast iron (21°C)

Fig. 4. Typical representation of load-deflection
curves and analyzing method in various
Charpy specimens.
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Fig. 5. Transition of maximum fracture load (P,)

and graphite cracking load (P;) recorded
in instrumented Charpy impact test.
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Fig. 6. Transition of total deflection recorded in
instrumented Charpy impact test.
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Photo. 4. Fracture appearance of various Charpy specimens
A : annealed grey cast iron B : annealed nodular cast iron.



BHoBEWEE TOFMT 2T 1585

Photo. 5. Spatial aspect of graphite flakes in grey
cast iron. Deeply etched with aqua regia
and observed by scanning electron micro-

scope.

Re— R
Photo. 6. Fracture profile of grey cast iron tested

at room temperature. Note many dis-

continuous cracks along flaky graphites.
N : Ni plate
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2, FIRESCES LBbhsxER (B3 &, F
kR BAREE DEINEID BERELE THD B o
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Photo. 71X, —20°C KHHSHHDT, Lkt —3

Photo. 7. Fracture profile of grey cast iron tested
at —20°C. Main crack avoids to pass
through pearlite regions and, in some
cases, it passes through along ferrite-pearl-
ite interface (upper right). N : Ni plate

Photo. 8. Fracture profile of grey cast iron tested at
—196°C. Note the main crack is branch-
ed by the existance of flaky graphite
(C) and it avoids to pass through pearl-
ite regions even in this low temperature.
N : Ni plate
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Photo. 9. Microfractograph of grey cast iron tested
at room temperature. Hexagonal pattern
shows this fracture was caused by cleav-

age of flaky graphite.

¥ ..

Photo. 10. Microfractograph of grey cast iron tested
at —20°C.
Small (d) and large (D) dimples are
observed.

Photo. 8%, —196°C DIFET, Z DX S5KEBEET
Td, EFHEmMIS—F54 MERZEIBET S X 5 BERIE
LA BIhY, ZORRPLEDOBEFERLSEM.
hix, —ola~EmL BT E5a h KRB HFET
e Bbhs. EZOFHET, ERHEETE,O
FREBOC) T E>CHiEah, To#ETEZHTFLRD
EmBRLNS. Tibb, BEOHFMEFIRESLOS

. Microfractograph of grey cast iron tested
at —196°C.
Cleaved graphite (upper left) and many
cleavage type facets are observed.

. . SR TP -

Photo. 12. Spatial aspect of graphite nodules in nodu-
lar cast iron. Deeply etched with aqua
regia and observed by scanning electron
microscope.
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Photo. 13. Fracture profile of nodular cast iron tested
at room temperature. Pearlite region acts
as ductile crack nucleating site (N).

N : Ni plate

L

Photo. 14. Microfractograph of nodular cast iron
tested at —20°C.
Cleavage cratck propagates along graphite
nodule-matrix interface and it is disturb-

ed its linear propagation. N : Ni plate

Photo. 10 }¥, —20°C k5@ TH 525, Bk
BRI RN T4 VAR R LELDOTH S.
BELELL 7251 MDD EELRS. KIDF 4
FUBRLAED, WFRBENEL, B TE 5T,
Ao~ THB.

Photo. 11 }X, —196°C COWETH 555, B8O
~ZFE (EL) & 7254 Mio~ZEEEbh S

Photo. 15. Microfractograph of nodular cast iron
tested at —196°C.
Large void formation at graphite nodules
(upper right) is observed even in this low

temperature. N : Ni plate

Photo. 16. Microfractograph of nodular cast iron
tested at room temperature. Large
dimple pattern is observed to be formed
by decohesion along graphite nodule-
matrix interface.
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WHERMB L b2 b, THBAEESESC 0>
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Photo. 17. Microfractograph of nodular cast iron
tested at —20°C.

Cleavage river pattern and tongues are
observed. G : graphite nodule D : de-
cohesion along nodule-matrix interface

R : river pattern T : tongue
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Photo. 18. Microfractograph of nodular cast iron
tested at 196°C.
Many cleavage facets and river or clea-
vage step pattern are observed. Note
cleavage crack propagation by avoiding
graphite nodules.
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AT T 5L, BIRBMHIR T, MAERBAETHI
DDOXZANF—ZLELE L, ERNVIEMTEREES H
L VIREREMHERNIC X D~ EBRBRBAM@ERE L S5 L
LHEXHHD, BRERCH L TR LAEILEDEEE.
R FEHAERZT Sh, XoFhicliE (& <E
BIRET) OFRREEHES .

¢ £ =

PO L, TOWKFRFOZED) R X UL
MR OWTHNIBRE BT, FIKEHSHEROS
BTk, TOTRIIBEDLDEELLHBTHY, F0
HEEOH SBEROBIRCOVTD, VWb 3D XS
EBBRENRE LN LW 2350 T, HRBLHBHHIC
BB EEERBFEREESELTVWR EFE XL W

DX SRR, ki RIEERESOHERBR OB
BT BWTIRBRREINBELIATHY, ZDX5KPE
2V, Wb b Irwin  LOBRZLIRE NG OB E g
NFRR DRI X 2T, WEEHE Kic 516G c
A kDD Z B ELIKFATE VbR TV SIS,

FED, SE TIPS, 72D aH5LORED
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BEA, HELY v A —HKBER XOTC, ZDXO5%
B EZ kD TV B D, RERBRICIIT S X S Kk
EEMEchHBBoBECIBEAL, EETHZ L
W, ERKEGESDEIATHSE. WE, vyl -
ERRFIC B DS NIEKGREL Kic 723 ukBEsM(E Gic
1Y, SRAWLEY LRI X 2THRDO X Hwekd5h
52, 7=72 L, ZOH4E, 10X 10%x55, 15X 10x55( mm)
SHEDIREEV EIRAMA 2R CE 2B,

Pf 2 12
2= —_— . —
Kic (B) 43

{7.9(%)_ 16'2(%)24-52-3(%)3} ......... (1)
Grc= QL;)KI_& NN &)

B : JZ (10 £7213 15mm), W : AR K7 (10 mm),
[ : X AREEEE (40 mm), Py GRERFE(kg), 2 : )
REEZ(2mm), E: ¥ 7R(kg/mm?), vy : R 7V
ke

Tizbhb, Ak - BRIKERGAHKROBEE, BWEILTE
EEBTHEEIONDHE (Py) 2FHAIT2 221X
DT, ZDEEFOWEPWEENRDOLND LEZD. Py
FIERTIC, T CREE P TTEMRINCERNIFELELT
WEEEZLNDH, ThEREL, v/ eonBL L
TIZEHEBIET A &R RDLZLIEAET D EE L BNh
5. —F, —MRCEEGKOIG N -BIEVE, R EYIEED ih
Gz g, BMERIFELTVWEVWDREH®, 2o
IonEE»OEZLBE, TITEELTVDI SR
FIGEHE R EE NS 0 B RS THh Ly b D EE XL Sh
5. Lo L, BECESHgTdMERZEEE R4 EE
B0 EEREL X7V b —EEE T T EVvbh®,
L L TOERITEFETTOLDTH Y, Photo. 2,

SR LIHE-ENMRERTH, FLEWETSHE T
CHAUBMUEREDFELALERLYBIEEDLD L
HEINDDT, ZOXSNENTZEDDZ LIIEHED
BT L LTS, Tk, ZZTE Gic EEHEET
L7, YoUEE, 7V oy DEREbhIER S
Wby, ZThZEH O OEBRRERY L, REEHAMA,
Bz izl¥53R4E X, £BHMBORTIERILTW2E0
F—2%EA L. Tivbb A OFEITE, E=11000
kg/ mm?, v=0°28, BOEFEITIE, E=15000 kg/ mm?2,
v=0'26 & L 7.

—7, WIREMEE Gic Vi, BEACmmEARIC LB M
BB FLVF —ERBERTIOTHY, Thdx, &
vV E—EHBESLTDEF Gic [BETEYTSEE5E
AHADTEDLEY, —fRITIE, ¥ v VE—REICIZIER
RH T CRRXLBERESELCLLCT L, BELLm
BR—ITHE{LZ2HE>THBM T 5085 BTHD, Wb
@BIEYT Grc [EERIRLTWS EFxbhivwigs
HEEH N1,

Lo L, $ROBECNE, iy =7~ -1V v 7D
FEL DL, WEHFDE LVWEHAREYSETICRI 0T
WBHDT, Yy E—RBINTZF VX —EFTDL DI, B
50 Gic EEEVWEERZTTLOEFETES. WEY
Y E—RERATRINESNE T2V E — (B, {#ESHEED
AXYkDdiGER B, FE-ZAMBTERI Dk
fexhk E, BECEBBRCRININDS T 3 0¥ —% E
ET5 L,

GIC:E'/QA;E/QA;EP/zA e (8)

ZIZTARFRHEEZRDL L, TABBEEEZERT S
& 24 OERMTOZANVF BRI MBHD L#EXD, D
X5 KBELLND.

Table 3. Typical examples of various fracture characteristic values
determined in Charpy impact test.

‘ Test temp. | E’/2A E/2A Ep/2A | jracture K¢ Gic
Specimen °C) ( kg mm ( kg mm ( kg mm P;( kg) (kgy ' mm | ( kg mm
/ mm2) / mm2) / mm2) f / mm2) / mm?)

A 21 1'6 075 048 570 84-2 0-59
10x 10 x55 —20 2-1 0-63 0-38 513 757 048
with V —60 1-6 0-55 0-39 550 81-2 0-55
notch —196 16 0-53 0-33 418 617 0-32
A 21 2-0 0-84 0'56 700 690 0-40
15x 10x 55 —20 1-2 0°55 0-32 715 704 0-42
with V —60 1-4 0-47 028 670 659 0-37
notch — 196 1-4 0-30 022 784 772 0-50
B 21 4-4 354 — 979 144-5 1-30
10x10x 55 —20 30 0-95 — 910 134-0 1-12
with V —80 2-1 070 — 875 130-0 1:04
notch —196 0-9 0-41 — 557 82-2 042
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ZOXS5 LT, REARKEHT DWW THERED 53k
7o ERBIMENR, NAATHE S D OB T F v ¥ —fHD
#l% Table 3 iRd. FRFRicXBL, E'/24 {EI3,
T EETHA A Hxkedic Gre HE Vi) KEDTHY,
A OYE E/24 ThwTdh, FEETFhIbIAE
V. UL, Ep/24 {ifilx Gic [E& 27 DEWEZTR L
TWwa.

Bz oW Tlii, 21°C A% RWT, E/24L848 )
W—EERLTWS. Thix, BoOURHARE OBE,
E=E, DR, AOEEX VERECHIITS-HT
% (Fig. 4 5MR), 21°C Tl¥, vhd 5 pop-in Bk
SR EZFERDTH D, TLEERRERE,S B
Hiswhwicd, TR —EBR KEL Bbh 52 LiTX
5.

FATH, RERCX?S Kic 0Z{biddbE v Eoh
T, BCTRIBEBRTLLIXETIS20o8ELNS. A
DFE, 10x10x55 & 15X 10X55( mm) EERH Tslksd
7o Ko fHZETOEETH2TH, THITEAREZL B
LRV Dpbhnrsh. ZOZ L, T TRDIKc BT
A TESIRBEDE VB bR TR ST, PRk
bDTHBZEERLTWEEDLEZLNDD, D
ASTM CHERE LTV valid K¢ ([EHEILAENT, 27
DBk LD & R T B2,

FAED X 5T, PRAERHCIFE T DR o X & X,
HERIF DR FAEE TIC 33 54 BlOSRBRIS 1% 6y
ETBL, Vn(Kic/ay)? WX 2TEHE XL, (Kic/oy)?
B AKE I 2R T /54— L LTEETHS. -
ASTM 44 (%) e T, valid K¢ Th B 7-dicid,
AR IRE B, MAEREXa &bIT, B, a=2"5(K;i¢/ay)?
EVOZUENRTRINTWD, Wik E 2, AER
T ORTE-EA IR D BFE X T, i< & SR
WEERXEARLTVWE LELRS3BD —196°C wikiy
LHEEEELTH LS (Photo. 3 HH8).

TDEED oy 13, MUK KEBA ORI SIF
R AR HEUOERERLTVWEZ Eh D
EXC, TDLEDTHE Pr=994 kg » 5, Bvdndk
RIGN oasy BKDBE, 0apy=3Ps-1/2BW=59"6( kg
/mm?) TH3. I3, HekOHEDO3ERBRRIGH
W, BIRRIEHD /173 THBEZ EBEbR TS
DT, BTG RIZIRIGT] 04iy=384'5 kg/ mm? %15
5. ZhHb, 2'5(Kic/o,)2=25(82-2/34"5)2=14"2
(mm) tig3. Tibb, HBEFERE BEEILY
14 2mmPl FORBEBUBE LW T LRSS Th
z, RBRATELREEWHLTE, SBEILELVWERE
ZEDTTNETR SR WEE XD, WEIERVWDRT

W HTRASIMT $UT D AR YEYER T Be 0 (Re-
lative plastic zone size)3" % Bc==(K;c/0,)2/B & LT
TETBHE, Be=0'57 Linsh. Pl ThE, —fRITF
MEBIEX LRI TH D L b TWEHD T, 22T
KD D — S FEAIRAE T I 31 B s Bk L
TWLHID0THB EHZEZ LN, valid K¢ fEEFhi3 &
RKELWHALBRLRWTHAHS EHELTVS.

=77, ADYEFITVE, HEREETICST D B YL ER
ENETIE LTS VWOT, FEST 55, il lix
S0, HMEBAHEZ X 2T Kic BT OEILLT Wi
WZ &, BXUBORIKBEEGKOE G HHEE LT,
U5 mmERER T, e &b ASTM LHDREFIL
MELTWBDOTIR vt Bbhs, BIUEXIICEL
Tk, YIRBIEBADEETELIRALRT, F7- AS-
TM THRE LTV EHREMMOBEDL L kvt
WhbILT WA DT, TOEROEIR - WD iz D
TRESEOKFTCHbREVEEZELTWS. L xiE, B
KBEBEEP—RCRAELEEZEZENTVWSES, Thid
SIRAMEZ TR Ls & 1T, AEEWMBCBFTs L
HEZND. ZOX S EEE, vwbdps COD |
MO X BHEK DRV T AET, £ DX 57 T L2 BRE
BRI R BT LA &, AEBREEROBIGE Ficown
TR LRIRE NS DEE LS. L, 22T
F37of#ElY, GLOVER 530MH-dk BENSESk DB S kD 7n
KiclHX DETEDTRDH B, KE—HT210TH
DT ERMNE LTEL. ‘

5. B

PRER DEITERLEEIFE A H S 3 5 BT, B L7
FAIRBESE (o2 L, BRRILOBRERZELTIER W) %
PEEdHf & L ORI by v v —BER B 1TV, X BITH
M2 EE TR CHZET oo eh b, DEDXSK
fEimk e,

(1) Rk Bk 51 5 IS akisibry, OIKRE
@, HBA TR ECBERET, 2REEREOTIE
Lg%, —RTEBTHS. COWFARRR, FE-ZT
SLERERIC X % &, RAMC BEASRIC BT 2 BRERERD D,
ZOBINBERTEHEVIERR LD LELLND.

DEE, PILVOBREBEDIDHD T 2N —BINHS
D, TOBRIAREBELR LS. OIRBHDE, &
DIREBERYEL, BEEBER L5, zogBEc
BNEND T A VE IS DA Fh, ORESE
CEOTRECLIZEBRABEOLND 2, ®MUIKDE
B X VEZFCHEDhS.
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(3) BEUSBTLE(LT D E EZORABIERNEL, K
KRGS TIE —40°C FhAT—RK LA T 5B RS
n7hs, BUTIBERTE & DB UE 2005580 bh
7o ERIRBASGSOBAITE, FLACREIC XD
CEL LA VWORE b, TSRk 3t 5 B4
WM E, M TEEAERLTHY, EARARE
ASFER T, R E & KERISEORE I TH DR

(4) ERROWENICET LEMED, HIKBRNDS
SDOBAEEGT & & D Lich, ToZ Lokl
BRI T 2 F —DELERET 5.

(5) WEEESERCLdE, FIREHRHKCR TS
W, FETTHEHIHONERIC X DHEEHEL,
XS BHMET =4 MR, 7294 b -%—7
4 FRE, BACIOTIET7 = 54 NOWEEBEIT XD
CTEETAEEL oA EETTE, 7274 Mo
~EELEONER, FOXIEHEHSIHELLL, F
Fot— T4 MEEBREASEHBTOIOAHADITLALR
Lot

(6) ERIRESASHERIT I B ukE, SF|RfFhETlE
L UTCHMREEIT X 525, ERIREMMB R A FIAERZ LN
D95, ZOXSKEETIE, KELEEET T
NELNRED, KON THLT, & LAGERE < BEmEE
84 — T, @R H D/ 82— Ty, 7z
BERINET T~ EMHBREBCH LEST LD, o
T s DIV EBIRES 5 X5 b D LHfEES .

(7) #$hgko X > KR EEEMET, BEREH K
T Gro ERTHEREFREORE, SFTAI L,
VI E-ZERI A Sokd 7 MO X2 0 O BRIZ
B AAX —BEEIRERNET D &b o/. ZO|E
75 ASTM THER LT3 valid K fHIZAMHE TS DD
THLERMLT LI VIRV, ZOX3REIT2WT
S HOMEBLEEFE X b

B, AEBRTORMES X TTE 2R HER
SRR AL, EREBETOBESA 520 cE L
EBERLERR S, EEEFHRMEBERSC BTV
W RH R RIARFTEREKER, EBRCHII S REA
FREROBMIIFELESDHBEEZRLET.
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