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The fracture propeviies of o series of =~i,ovs ~onteining 15% chromiun
and 0,8 to 3.4% carbon are investicated uping plong sirsin fracture
tovghriess %eating technigues, The sbisct of the work is to epply a
quentitative method of nessurinz *ousiiness *o Lhvasiow sistent materials,

which have previously been assessed on. an empieicel hasigy and Yo exanine

the r61&tlon“pr between miorogtruetrre and R in en altempt to improve
the toughness of inherenily Tritilc materials.

A review of the relevant literature includes discussion of +the
background to the alloy serics under investigation, & survey of the

developmont of frestice mechanics -~wnd the enagngence of ch 28 o ‘toughnesg

perancier,

Metallurgical variskhles such eo compositicn, ueat treatment, srain
L 1 9

1 ]

size, and hol workiug sre tsed to relate niecrostruciure to voughness, and

13

fractographic evidarce is used to substantizte the Tindings,  The resultsz
are applied o n wodel correlating ductile frechure with vlagtic strain

instability, and the mucleation of voids. Strain induced wartensite

formeticn in austenitic gtructures is analysed in ter&q of the plest

K

energy disgipation mechanisms operating at the crack tip.

.G

X0

Emphasis is placed on the lower carbon alloys in the series, and a
composition put forward to optimice wear resistsnce end toughness. The
propertien of established competitive materials are compared Lo the proposed

elloy on & toughnese srd cost basig,
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Sheay modulus.
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AC =  Ag Cast.

“ . .

cc = Chill Cast.

50 2] Sand Cecb.

Si1l =  Cast 3 e m e
Sill = a8% in Sillininite,

) e Tardenad a7u0n s
30N = Hardened 975°C oil quenched.
Tenpered 25000 2 hours.

H = Homogenised 1150°C 8 hours.

F zz Forged.,

= Tr - :. ~ 1 1 1 . >
() Numbers in parentheses refor te the Biblicerephy,

Additional Nobation.

X = curface energy for unit increase in crack length.
¢ = Crack half length, (alternative to aj.
f = Volume fraction.

= Applied stress.

S .. = nIffective stress.
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A problem ofvew facing the supplier of sbrasion resisbent
components for tve vLﬂruJﬁg; crushing, and mineral handling ind tr&eup

A

is how to coubins opbtinum wear resisbence with & Gequate toughness to
resist the sevare iﬁp act conditions frequently encountered. An
esdnrance ol {reedom from premature failure is vital, since this can be

Scoatlv, not cxly in weplacements and repairs, but mainly in lost
rroduction during unscheduled shutdowns. Vear rate, in general a

Drnetion of hevdnnzg, is a key factor in the econonic working of

mlveric ging nlant end is of primery importsnce in instances whers
1 KN . p .

conveninavizu ot the product is vndesirable.  Thus it is & compronise
between divestly couflicting propertiles, hardness and toughness, which i

reguired Sa yarts such as mill liners, grinding media, crushing horuers

ured Lo ore grinding, cement, coal end ircm naking

Conpliexity cf shape anﬁ the nature of alldys usged in these
épplications restricts the mede of memufaciure mainly to casting and
forging, with litile or no subsequent machining. The recont trend +o the
use of larger and more powerful plant has emphasized the need for improved
fracture resistance, end coreful selection of meterials used in the more
onercus conditions now prewailing.
An extensive renge of ferrous slloys fizd spplication depending on

the stress level of the waay process, from nsnganese steel, under the
nost severe shock loading, to high carbon white cast irons when impact
resistance is of little consequence.  However, it is the field between
these two extremss wh'oh poses the greatest challenge to the mat erlal
technologist. THere the widely used Hadfield type of avstenitic -ste ‘l

g largely being digplaced by the wor ,abﬁasion resistant-martensiﬁie,

cast gteels or alloyed white cast irons.
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Forging Direction,

SR

(a) 0.8% ¢ SC/F/HT Transverse Section

4

X 30

v

(b) 0.8% C'SC/F/WT Longtitudinal Section X 30

Fig. T.17, Orientabion of Microstructure in Forged Material, R

to the Direction of Crack Propagation,

m

elative
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(b) O

/AT X 100
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(e) O

crogbructure of Tor

i

. T.18.















rig. T.2L. typical © rein Induced




(a) 1.4% C sC/AC X T00 (b) 1.15 ¢ SCG/AC X 1600

(6) 1.1¢% C SC/AC X 2400 °

rig, 7.22. Scanning Tlectron Micrographs showing Crack Propsgation through
! . \rougt
atrain Induced Mertensite: (&) & (b) Under Macroscopic Plane

Stress (on Free surface). (¢) & (&) Under Mecroscopic Plene



(a) 1.4% C SC/AC X 350

(b) 1.4% C SC/aC % 1000

(o) 1,49 C SC/AC X 1000

1]

e

Fig. 7.23, Crack Formation in Strain Induced Martensite Plates phead of

he Main Crack Tip,













(2) Heat T.4. 0,5%C (b) 1.4%C SC/AC

20% S.I.H. Showing Band of .
. S, I.1i, Remote from
Fracture,

.

Pig, T.25 Longtitudinal Sections of Tensile Specimens showing Strain

e Je

Induced Hartensite Formation.
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() 1.1% C SC/AC X 150

SC/nC X 1700

Crack Tip. (c¢) & (d) Deteils of Fabtigus Creck.



(a) 0.8% ¢ SC/AC

(£) 3.4% C s0/1C

g

serial of Varying Carbon Content ¥ 5

~







(¢) 1.4% C CC/AC X %200

rig. T.28. TFractographs of austenitic Cast ¥aterial. (a) end (b) Cosrsse

~149-

(B) 1.4 C SC/AC X 1500

(@) 0,84 ¢ SC/AC % 6000

e produced by Tearing, and Failure of S.I.M, Plates.

plastic Deformation of Avstenite.
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(a) 0.8% C S0/m X 700 (b) 1.1% G SO/AT X 700

= i 1

(c) 1.4% C sSC/HT X 700 (@) 2.9% C sc/mm ¥ 700

Fig. 7.30, Practographs of Heat Treated Materisl of Varying Carbon Content,
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() 0.8% 0 sC/4 % 15 , . ,
5C, ¥ 150 (b) 0.8% C SC/M X 750

s

1 (c) 0.8% C SC/¥/HD X 15 -
(c) 0.8% C SC/H/HD X 150 (4) 0.8% ¢ SC/L/HT X 800
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Low Carhon Homogenised Structures
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(b) 1.1% C 5C/BT

(d) 1.4% C sc/u/im

Mg, 8.1, Uniformity of Dimple Size in Msrtensitic Allcys X 3000
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ntally determined fracture cell gize of betw=en
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Go8 and L,0 nicrone, Detailed results are tabulsated in table 8.1 below..
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ide snecing 4 yas determined by electron microscopy, using
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dimple spacing on the fracture surface, illustrated in fig. 8.2 and

recorded. in table 8.1,
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secondary carvide varbicles.  This assumpbion was confirmed by further

chic evidence. showing dimvles to be centred on secondsry csxbics

pevticies O.2 1o 0070 microng in diameter, i 6.3
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An example is shown in fig. 8.4, where t

e

in 1.4% carben chill cast material. A structural feeture of sinilar size

wes observed in the eutectic sustenite of the szeme elloy in the sand cast

g

condition. rig. 0.4.(0) shows the fracture surface of a evtectic colony,

v
L
%
\3

where @ crack in a carbide lemella has propagated into the adjacent

sustenite. Void formation and locel necking during the fracture of +the

sugtenite has produced & single line of dimples in this region. The
anacing of these dimples is 0,46 microns, and whilsh thiec iz of the same
order as the dimples on primary sustenite 1t shows only moderate

Aleo included in table 8.2 is the spacing of other Teatures observed
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(&) 0,84 C sC/m X 7,500

E Mg. 8.3, Secondary Carbide particles within Dimples of
| 3 K ST LAY B
| Frocture Surfaces.
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(a) 1A% C OC & in. (h) 1.4% C CC + in.

(¢) 1.4% C SC/AC

Mg, 8.4. Dimpled Ruvnture of Austenite. (a) & (b) Fracture surface of
primary Austenite. (¢) Void and Dimple Formation in

fubectic Austenite. X 9cco0.




TABLE £.2.

~? ey . “ o~
o C AV Xic, ol e AV . Spacing of
& Cond. | Ysi(in)? T vise obher
RRLICH Tegtures i
o L i - /
t
CoB SC/AC 38 H.D. § 0,20 E 0,23 ! - 2.9
Lel sSC/A0 A2 DA A 0,29 ! 0.10 ESNG
A VY 41 ) De il g &y _') § L . P
b
: . { .
1.4 SC/AC 27 .0, 1 C.24 0.0 .06 2.8
|
L.1s¢c/m | 45 N.D. | 0.30 U.16 2.0 -
A ;_C/‘H 40 H.D. ! C.26 0.17 tLu -
i ! {
. o o I ¢ -
1.4 CC/4C R ., E O.24 0,16 5 0.5 -
(?ﬁ? 3 e) i z
J ¥
. B S S

The argunants =nd theorics cocernling the nucleation of voidg ahead

- (78‘7903{}}

of & crack wersz dizscussael in scotion 4. . Tt was ceoncluded

()
@

that slio indoced ecavity formation wes the most typical machenism

operating dureing this prucess. Tlg. 8.5 ghows fuch cracking at carbide

o

particles

4 W
oo oy (85 T -
Kraif%( ) peatvasves tiat in the presence of cleavage cracks

J,

the
controlling facter in the fracture process ig the ductile failure of
interconnecting ligaments.  Fractographic evidence hag shown that by

comparison, martensitic alloys contein fewer cntectic carhides on the

frachure surfsce, than sastenitic allo¥fs of simliler csrbon content. T

e

s suggested that in marteusitic alloys where the nuclestion of wvoids

within the matrix is essier, due to the presence of secondary carbide

particles, the frachure process is nol so dependent vpon the eutectic
carbides. Ort the other hand, in asustenitic slloys where the matrix is
more ductile =nd bhes & higher work hardening rste, the cutectic carbldes
play a move importsnt role. The interlamellar spacing of eutectic

colonies in 1.4% carbon slloys has alresdy been shown o have sone

eitin the rlustic wone of 1.1 and 1. 4% cacbou sugtenitic alloym.
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(a) 1.1% C SC/A0 X 450
(C,.01 in, shead cf crack tip).

5

~~~~~~ —3 Direction of Crack Propagation.
Pig. 8.5, 8lip fnduged Cracking in fustenitic Structures.
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D21 mIgAT 29 the work harcdening charscteristics of this whaose which
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ghoewlo be vather than those of the &
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fraciure nrocess

Ty et YTy rree s e e . - k .
dampled ropuirs o wevy glide, in TR, 1P, steels >/,

carbon nartensite produced in the 15% chromium series,

tic deformetion, and the process zone size would
lexger by at lesst an order of magnitude due to the low wori: naidewming

ate, Agsuming a value of 0,08 for n, in the 0.8% carbon sand cazt

condition, results in s tlcorocicsl process zone size of 2.* microns, whiel

N xprevs T g RE I L | PR i
the overlapoing trnguez cohservead

h

ig in good agreement with the spacing o
this fracture surface,
To swmmerise, in martensitic alloys which failed by dimvpled rupture

good correlation between Xy, and work hardcuing wag clserved on the basis

of Rrafftts tensile plastic flow ingtability hynotheais. Whe dliseribution
of secondary carbides was found to correspond with the frastogrephic
dinmple gize and the theoretical process zone sige, These three

characteristics were showm te be constant at all the carbon levels examined,
explaining the vniform toughness over this range.

Structural correlation in austenitic ailoys was complicated by the
fact that the fracture process shows greater dspendence on the carbide
network, end the presence of sirain induoed martensite In some alioys.
The interlamellar spacing of the eulectic colonies in higher carbon slloyvs
has been shown to be cignificent, and a correlation based on the properties

oft the strain induced martensite appears to be more relevant in lower

carbon alloys,




Controlled strain induced martensite fornrricn during cracking in
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hacis of the combinsd

and tougimess achiavea in T.p

reaction is aboubt five

times as

procasdes normelly cccurying at the crask tin.
H

2 oo

Too their anslysisg, Gerlterish e, al. ftreat the shear transformabtion b

[

orede o g 4% . o e re PP SR S I R 1 K
martensive as an energy asbscrblig mechanism, einze it bakes place to

<

minimise the stralin ensrgy of the gysiem, Ths separate contributions oi

v e oy g o ode 2 A & et o L . o o .
martensite, sustenite, and the invariant shear as enerzy absor

PP - S s SR % e Ly 5. ~y . 7 WS S . oy
are computed Lron the “eolume fractica ox morbdensite, the slrain energy

dengity of the wortencite, aud the size and shope of the plastic zone.

o ~ b M = LY 5 e . " Y 3 - AR 5 S - 3
theoe three faziors individuelly, frow megneiic field etrength

measturenents the volume fracticn of martensite, ¥, is found to be

propovtional to straing

L . .
\fc == .,..92250 © 6 ¢ e 8559

»

The strain energy density is appromimated to {8,y B), and a tensile

o

o,

analogy baken which describesz th

.

lagtic gtrain distribution in the

@
g

plagtic zone ag:

v v

ig the yield point of the austenite/mariensite composite, and

¢l
Lo

% is the length of the plastic zome. By sssoming a plastic strip height

. e T s s
of %-EP a shape factor of T/g is obbained,

Cowbination of these three factors regults in the

Por the plastic energy absorpltion, U, o of the separats di
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o

energy disuipsbion rate, G_, is obtained from:
X o

i:? = &Up 6 e6&e 8980

e
¥
i
[»T}

"4 ¢ o 34 et
expressed in berms of stress intensity by:

’

.{ = (E‘G)n e 6o 85/:,

Good correlstion (within 159) between derived and experimental values

of ¥ was achieved by CGerberich et. al., for two miterialsg undergoing

$ransfermation to narteansite,

fhe model, as proposed by Serberich ebt. al., applies fo a plane stress
gitustion, and requires nodification to deal with ths alloyes investigaled
here. Under orefominantly plene strain condivions, the radius of the

plastio zone will be approximately l/3 of that nessured at the free surfacs.

The energy sssociabed with this smaller zone will be corvrespondingly less,

in proportion to the volume of the plasbic zoue. 4 factor which must also

3

the elevation of the yield stress due to

.

be taken into congideration

s,

plagtic constraint, when a condition of plave sTr ain prevails. This
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value of the uniaxial tensile yield siress ™y up
times, (2.8 using the Von Mises vield critericn).
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Under those conditions it secns reasonable to apoly upver and lower Limnam
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elevation of the yicld stresg dve to

e
o
o
oA
i

he mniaxial tengile yield stzesss

wuere 4, sy Cauals three times the
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s [PRpN4 £\ Lo
propriate in tue

T a4 e 55 A S )
In the Tirst case the following paraneters are ap

1loy of heot «i in tie

8., = 180 ksi, g, = &, = 0l,5 kei, £t o= 0,5 iz.

B o= 27.4 % 10° psi, €. o tam 19° = 0,324

The value of ¢, was obbained

3

carbon sand cast alloy. This materia

veileulsr thermel martensite, similar in appearaice oud wmisro-herdness to

b

the S.I.M, produced in cast structures.
The major axis of the martensite regioms in T .R,.I.P, steel tensgila

ppecimens was observed to be very close to the theoreticel shear angle of

540 ALY, Sinilayr measurements on chromiuwm alloys revealed an average
e

angle of 537 with the tensile axis. It was consid Lvd pertinent therefore,

+to uvse the seme valus of € the bransformation gtraein, as used in the

Gcrbﬁ“iﬁh gnelysis,

The formebhion of S,I.M, is more seng 1i1ve to gtrain, in T.R.I.P.

A °

ateels than in chromivm alloys. From the information presented by Coh mﬁ

D& 12% chrowmiwn steels, the following relationship between volume fraction

of merhensite and strain was deducedy
g’ = 098 6, s ceee _&'lcl.om

% (ie, 19° the typical mechanical shear displacement of many types of martensite 3
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values wera obtained for the
end the invariant shears
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. : = 994 Rp te " for enlire plete.
stic sbrip height with slow cracl zrewid is shovn

A /& e “ = - S e . 4
SC/AC. Bstimations of H_ were nade, and valuen

vy ol et ate e A e ot vy . PN S R

of Up calculated, The graph of Uy ageinst slow crack growth, Ae, oo
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shown in fig, 8.7. The most significant region during slow crack gromdh,

e gy ,_.§-".,. L i & S S o ol ~ v . 3 P ‘1 LW A W 1. ¢ .3
reletive to E1qs is the first 0.05 in., and grephical differenilation cvew

this region results in a value of 192 1b/in. for (. This vigure i

£

representative of the energy associated with the visetic zonc st the Tvee

. (41

surface, According to Irwin' ¢

T
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- ; ) N i AT p f
Under plane stressse ry, = Ll (M eove Cull,

strai - 10y2 8.12.
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where Ery,m_Rbg leading to plagtic strip heights of 0.090 and 0.0%3 ing.
for plane stress and plane strain conditicor®respectively. Assuuing the

TR, 2%

volume of the plastic zone te be ( —)s the corresponding plasgtic
b

. ; d, . o . N
zone volumes are %2 x 107 and 4.3 % 107 cu, ins., These values are

slightly higher then the observed dimensicns of the plastic zone, probably

3

die to the resbraining influence of the carbides, but this should not

g
affect the ratio, which is being used here. Thus the energy absorbed under
S

plene strain is rovghly 1/8 of that under plane gstress.

Applying this correction gives a value of 24 lbsin. for G?y and
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For the vyper bound solution, a sim lar wocadure ds followed, using
. < I T B 1 <
the clevated yieid stress dat: given bLoleow:
e .
Gc = Gy = 184,5 ksi, Cot o= DAO kei,
and .
2
- . - -
U oo 62 Rt xsi.
A I"
. 2,
Ui = 2840 RT t
Uy = 2101 % =
I "_“1’)
79 e BINO o T8 g Py e o o
ur) P bl U0 v LOW Ot €7 v‘.'.i.'fl'\f\‘.ic
I ¥
2l
N e g & - AP, 3 ¥ -
= 6224 Rt o for entire plate.
After corresting for the smaller »icotin meone this results in a
Tigore of 200 1b/in. for ¢, or converting to siress intensity, 76 kei(in)®
ar 1\. @

been beken dnto asceun®, The specific energy reouiremenmt for carbide
cracking is aboult T/ioth that for matelx fracture, bubl since the imvarient

shear of the martensite reaction provides over 90% of the total energy,

Y

the nett ‘effect would be only a very slight deeresse in U, and

conseqguently KD,

In summary then, by examining the two extremes of plastic constraint

derived wvalues for X of 26.5 rﬁ 76 KSLo[in) sre obitained, cowpared %o

m‘i«

s for X

¢

v

the experinental figure of 33.5 ksi.(din) lo



Yy .
25 e N o O
&4 = <. » n ] - - ©
e w 3 ~ o ® Y S @ o o~ e
G, = u oA KX W o~ & inl @
3 3 ! [ad Al o w0 - 3 3 +3 = -2 o5 b .
& 3 o -+ o e X o > = e - 0 [ e .
i) 3 = 2 o o = o .r o m = - 03 S w o
b ‘w‘um & w0 o @ O. wn,“ VI ,MW xw mv m - (o]
v ) ) : 3 = n g [\ LW ied e : ~ ¢ .
5 % e 9 5 4 = — s £ MmN 3 8 £ owm KO
o o S o 0 fu M o] e < = et L3 0 N £ 2! o =
i L 40 £ bl o P - P ® o o in! £l i e &
74 0 43 A 3 g o + i o . [&N Q @ -+2 R Sy
0 ) N EEPEN [ . ‘] & &9 ) O i ol [+ w} 4} <42 @
) o R O ) (¢} ] @ @ <42 o N O +> @ -
o = e 4 O 0] si=t < o - =5 = o O . & o] @
b g £ a3 o - n Cg “3 op o @O m , ﬂ =3 ~€ < u oy P
: « [ o P O w0 Gy m o 03 3 & e el = 32 o 5 i
i < < < 4] @ O v £ 9 5D £ . o A 5 )
o 44 [ o5 (%] I ] 9] < . o o oS D £ e} < o
o O D 4 i) 42 C D - @) o < % R ® R i ]
- > € o w3y = 15} w ol . P = -+ @ O .
PR 5 A4 oy o B e S5 2 ° @ @mom 0 @
< (s} R @ 4 o AL 8 ] oM N O )
o} 25 ot o} fea] it ) > NY el O AN ™
0 43 o 4 = <H] Nl bl =] et o3 30 [T\ 0 K =
= 4 s iin] 15 ° o] » ot X e8] L4 o 4 2 i
= o] 3 ord o~ & - 4 o ) < i § O o 2 .
ks o L3 @ o “in s Ky ) ri ) o [ b =
4 < = B 3 L > e [ Q i S 5 S e
s} o) B ¢ o 42 &2 ) 0 o] s ) B w . o 43
o £ e o T 3 - < o] & o & woQ e )
$u o © orvt P b= © o G4 g (o) it oa] Ny 0 [=R o 4
© @ D~ i - X S e Y] D e @ . S
] @ o 53 ol 0 &0 9 thy o ) ehe @ & o © I~} £ a3
g o 5 xR o O o 1 e B v @ g ~  H O ) @ < L4
TR T S S B O VR R ¥ >0 ? =2 . 3 (U = T~ B 3
K I < < B = R ¥ SRS N £ i e 1 S~ N i
uY 3 o3 P - i feal ~ w0 @ P4 254 © © o] w &0 ot o
9] o = & w3 v o & ) 42 & ¥ 3 o i3 w Bs) o Ko
© = o $ € = % O @ b U Jood ES & & b= 2 . 3 el &
4 = o O b = ) w g o o P B < v g 2 e,
43 o - 4 [0 53 o] o A , R ) ot % b o - P tg
ool K [ [ £y + (3] S5 e P vy w42 > -+ @ 3 o)
@ o Th pa o o} '~ e ~ @ jad ~~ [} - ] 4 O o
ol b [} [0} @ 2 L3 [V i) o ] o3 o] -+ 0 © [ re!
@ 0 45 jats) 24 £ 4= o 3] 43 [aS ] [} 4 e > ] (3] 15 [o%) [0 i} - ]
o % = ! L 43 a3 i P et I s 2 o~ 5 £ o © o
r~ £ v s & pnt g W\ e Fa 0 £ o . BES d
oy [ 4 b B 3 Gy fe] P fad » w ot o] 0 0 S 1M
[ o [as1 3 & il o) 0 3] i e} o Pnd
AR N 0 0 i o3 o el o =~ R n3 - 0 &y
(¥} e [ 3 4 § %4 S 9] o "3 a 0 ffe? [} oo &}
Gy o2 @ 0 ot = 3 23 -2 o [ o [= o
ook 2 I o 3 £3 @ L3 G4 e o e 2 e «
[¥] I £3 v £ e -3 & e e} o ] o i 32
5] 4 e O o] [T ') 3 i 2 © O 5] £ ] iy 0
D [ o & o o o poud o o e 45 « - el
b [y IS o] o3l (3 @© o nﬂ. e A mu .._.M :M y . i)
© ) 4 0 ) ; O ER ~ ¢ 4> 3 g £
s I @ £y A 3 g O i &5 % 3]
i o ECRE T =8 A S 9o g 4o
[ - R vl e wond @ © P B ® iy S 43
o ot 42 £ = @ © by < ) g o R
p. s o D Uy L3 o -+ 5 ) > Ao -+ ) w
« < 3 a 3 £y b O e
2 R o
3 4> O o3 (s} @ ot - Ged N o @ Tt = -+ .
£ jd 1 &y = . o © 0 2 e f<a) K e Jas’ 41
=i = =8 mu =] o] &= = £ [ D 4
i o 34 o e} g @ 12 3 ©
£ . " By - o & 1 @& - 5 o
o &y 4 By 49 T TR = 5 - m
o el ! =1 (] =Y = ooy < o o o 3 s
> <% W SR - B S <] RS o B

o s o e Bali

3
s
°

G

g case 20

13

T

in %
(2TTx)"

ey

P

displaocc




- L . s . .
e e A ERY R 3
LRG0 U gvercon . The freictional

N . ey Y ~ o, - " R T
1 accordance with dhe veoulds of B

I
3

a2 < [")C\

3l s

©ma, J,, j_ {;})(\“ 4

e - REW L e R i o 3 .
verclcles in the plaslia zone will remain as

ints the nsvrix.

Sy

. ¢ A < "
art wintiaty

e T T R A X I
ghaad of Vhe crocs tip iz evidemt frox visle (o).

. i
Saveral worlkers bhote demous

“ N
Ty’{)_}nli’ Y“‘(}b (024 CE DR

s feature of much

3
o
o
'CT
Q ’
Q
=
v
s
2
f:

ra S
+ ' : g 2 ABL)
congtituent present. Gurland and Platoan 'Y+

the volume fraction of second phase particles. THowever, thisz can only be
as it does not take into sccoont the

of the second phase, or the inleraction bhetween the mechanical

sﬂ

D
i - L e LN
of the second phase snd the watrix,
The deformeticn charscheristics of the mabtrix, In particular the

frictional resistence Lo glip; has besen showm to be significent in
determining the

precipitates.

fraction of carbides in asustenitic structures, illusirates the influence of

gecond vhage morphology. gince the ability to deform plastically comtrols




(a) 1.1 C IC/H4 £ 1000

. (b) 1.4% C SC/E X 1000

the matrix from Cracked Carbides.
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It ds probably worthmhile ab this stege to briefly restate the rezsons
Tor investigating the 159 chromiva series of alloys.

Gae of the most widely wsed abresion resisient alloys caploved
cvrrently in medivm dmpact loading situations is 299 Cr 2.5% € susholleic
white cast iron. Tecent developments in grinding and erusbiog pinat s
vasulting in more onercus impact conditions, end the search for an alloy
with comparable wear provertics but greater toughness beg led o the
development of the 154 Cr The nmajor advantaze in o A 15% Cr
alloy, besides the saving in chromiwm, ig thet nn wuctonitic structass cro
be a8 low e Thuz one of toe
adventages sssociated with the high chromiuw cest jroas, the ability to
produce an sustenitic or martensitic product fron bus caae alloy, id
retained in e lower carbom alloy.

The Tirst consideration is the relatbive toughniess of suagtenitic and
mertensitic maberial. Fro fracture toughness point of view thers is
no aava”%age to be gained by heat tre atment, at any carbon level. Lt
carbon confents below about 1.5% the alloy ig ‘bougher in the as cast
cordition than after heat treatment to produce optimum herdness.  The
fyacture boughness of martensitic naterisl can be improved by incressing
tewpering temperat r? but at the expense of hordness and provably wear
registance. If heat trestment is necessary for other reasong, such as
the type oflwear Process involved, there ig little venefit in reducing
esrbon conbent helow 2%, except when combined with a high tempering
temperatbure. Tt should be noted that the tempering conditions necessary
for significant improvement in toughness are fairly critical, and there
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e G089, the lindd of the sustenitie phase field.
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Toothe Jow oorbon siioys there is a tendency for the corbides to

ing grain boundery film, =nd the op
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sd. to he at about

el ¢ N ey yeied “§ . oo $ b4 %

VG covbon,  Reanewloa fn carbon is accompanied by s drop in hardness, bub
¥ SR 1o - PR Y v b e en Lo -3 L $ ¢ e

&% omey o posnitle o counteract this by adjusting the composition to

promeie the forawtion of martensite in the deformed surface layer, without
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e oy eplinn o
SOWEENTLS

connectel with produstion. It enasbles the use of pig

-

chay place of more expensive low carben steel scrap, or low carbon

o | : o] et 3 vy o t o aen s Y 4 ey .
ferpo~chronitm,  Melting temperabure increases from 1275°C at 3% carboa te

S
b

AW'CC at 14 envbor, end this is associated with a widening of the

Xn

solidification rense. Thus a low carbon alley will not only be more

cogtly to melt but will also be more susceptible to vnsoundness due to

feeding problems. The Increased feeder head material unecessary for

ve woild reduce the yield of the casling process, As

sughngss, However, this improvement is not considered

sole justification for a change in moulding practice,

An dmportant i shoice between an austenitic or mertcensi

alloy may be the se fracture toughness to the vrate of

¢ £ spend 3 - P Leat
gpplication of load, Over the range of testing speeds used (the fastest



& 1L owell Lelaw that davolved in impaet loading), martensitic
st ¢ wrhiboted o drop incroaging loading
vabe.  Ho chuanie was detected in the ags cast condition.

The epdritilig de nevwwork formed during solidification can be
brokay dovn ity gy Yhermally and mechanicnlly.  Uigh temperabure

oy A S a )

i o S D PR .. - -
2t ob 15070 spherodises the carbide porticles, and cax

“”‘1(" RaTalat Ty L Inaved -
TUREY by up to H0%. Soeking itime is Importent in

and incresgscs with carbon conbent.

ation of a grain boundery film cccurs

shmogphele dd sential at 1150%C to prevent decarburisation and scaling,
wid tue cust of tue treatment prohibits a large scale commercial proposition.

1 circuavetances, however, sphercdisation of a limited number of

[}
[y

L 5ueG
emall castings wight be ettractive.

Forring of low carbon alloys (less then 1194 ¢) shows greater promive
For further dcvslovment. The production of small sinple shapes, Fuoch as

would be ideally suited to this process.

heast trestment to a homozenous marbensitic

or sustenitic struciure shouid result in a very sccepbable product.

G ~~.e

9.2, Practuwe Toughness of Competitive Alloye.

4

in accurate and dependable measure of the toughness of a new alloy

is of little significance without e pergpective view of the materisls with

wihich it is to compete. A brief survey was carried cut on gix alloys

which sre iikely to be most competitive in the field of application

envisaged for the 15% Cr 1% ¢ alloy. The group of alloys investigat

’ CAR o~ 2 k4 A YE
compriseds (a) Fanganese steel (still the conventional cholce in severe

. n e mre qead
impac‘t COZ‘ldi‘thnS); /'b) al loyed manganese steel (IO‘XID.L wear rate thar (a,)

iy similar circumstences);  (c) BT 253 (proprietry high Or vhite cast iron)s

(d) Mexichrome (proprietry 1 129, Cry 1.5% C martensitic alloy).
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253 ¥W.T. and

(P

g straightforward hardening

g
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hes no effect on as cast
wilth results on the 15% Cx series,  The

2

)
s
®
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;..4

oyeg is a complex an

’L‘L‘

zpensive hest

However, the resulting level of

" e . Lo
s cen be at

Trwetare tovghne todined in the 15% Cr alloy by simply increasing
' 2 5 - 2 O
tompering bempesratvre from 250 °c to 450°C,

aness of the as cast 159 Cr alloy is some A0% highes

representing the hard austenitic category.

1y be grester for a more typilcal BF 253 containing

=

Yo 2,99 corbon, Undoubledly the wesr resistence of the harder BF 253
will De superior o taed ol the 1% carbon material, The performance of
lower corbon elioys in o dry ¢ menc mill production trisl initiated some
3t years ago, and siill proceeding, indicates that a reasonable level of

s

wear resistance is maintained. I more severe abrasive conditions, such

wesr rate should compare even mors favourably with

[0

as webh g}:v‘)f inge Ui

thet of the higher carbon slloys.

T the third general group, soft auvstenitic, slthough the Ky of the
manganese gteels ds slightly lower than the 15% Cr material, they have a
very slow rate of efc ok propagation. Tn effect this meang that after

the critical stress intensily has been exceeded, and crack growsh initisted,

fep e el

a high stress level musgt be maintsined to cavse complete failure. This
Fenture is illustrated in fig. 9.1, which includes typical load/

dimplacement records of the alloye under investigation. Thus, for a

stregs i squired So initiste crack
given crack S aituation, a higher strege 1s required we 4 itiste ag



Ly

cCoOrd

Re

.4

Typleal ]

Yo

o

g, 9.1. (&) & (

i

oad/Displacenent

1.

rack Growt

Siow C

ble

1

gli

Ne.




-186-

e

ey e

T Tl e S S

s oL 5

ords To

ot Rec

&0 CHel

T
(439

5
ig

21 Load/D

c&

ypd

& (8. T

(e)

Pige, 9.l

T,

code
U

s eartt Slow Crack Gros

f

i eh)

wing Sig

sho




e
Bed

"7"‘;‘, ey

U w L
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ding, raw naterials, melting, f SCTraDe
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o reasong such as the rluclusvicas in

Cpnse motorisl ~ 2+ B . B P
rax material, and speciasl reguirements of 1hs custoner,

common practice to guote costs on a contract hasis., Howasver, nost

which can be used as » general

Ksil

e a range of tonnage pric

.
me, o

s

son purposes. The following svrvey gives esn a8t

b1 L3 v e 1 « PR I . T e ERg $ e o . £ [
of the relative costs of the alloys mder considersRion QX TEr@s of these

< r . .o . ot
General difficulties asmociated with the producticn of

Hanganese

nengonese gteel are ©
o . W g e ¢ 4. o . LA
Tor instance in the molten gtate mangenese steel roacts with normal silica

sands, necessgitabing the use of expensive neubral mould facings.

Haterials and heat - reatment: £110 - £120 / toun,
Selling Prices Up to £350 / ton.

wromine white cast iron markebed in the as cast; stress

hardened and ‘tempered condiftions.

Materials and Melting: 270 f ton.

‘J

gslling Price (ag cast): £180 - £190 / ton.

pdditional Heal Treatment Costse—

3 Z 7
atress Relievingy  £30 / tom.
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epplication than megt of the alloys ef its type at oresect on the marketl.
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9.3, Critical Defect Size.

,

T epplicaticas where there 1s a danger of ungtable brittle failure

ha Cﬂcs; giress field is generally elastic at ths operat tional load, aad

2d component ig characterised by the abzence of & lsrge smount of

.

1eformed meterial. This observaULJn iz fmdamentally important

- « v 3. R ERN ode - PN B T
and emwhv iges the rigk involved 1n gtimating the strength and operational

. Ly e e s o ot ', 3 PR T
life of o compo onent on convenbional strength anelyses, assuming plastic

V1el“1np prior to fgilore. T4 should be recognised that fabricated,

b P oy e e S . e Yoo
wrought, and cast components all contaln defects and flaws of wvaricus kinds.

N K e o Bl A aPamel el
The operational life of any structure is governed by ‘the defect size

required to cause failure at the operating stress level (ie. the critical
vy
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bresicn. However. whon observed on the fracture surface this type of

Hy

cause of failure. A typical example o

shrinkage caviiies on bthe fracture surface of a low carbon 10% Cr alloy is

e

showm in fig., 9.2, bteken from en unreported test casting, produced with
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