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ABSTRACT

Theoretical and experimental studies have been made on axial -~
- symmetrical bimetal (9MN69-Y7) specimens containing diffe-
rent depth incisions and cracks of ring form. The strain inten-—
gity factors for bimetal specimens, taking into consideration
different levels of the random stress state at crack tip and

in dangerous cross section have been studied. The fracture
toughness of bimetal specimens is also discusseds

INTRODUCTION

Axial — symmetrical bimetal composites (ABM) are widely used
for row—shafts of sea ships, cutting tools, flexible shafts,
etc. The estimation of the usability ABM composed of high
strength steel (core) and mild steel (cover) for bolts, hair-
pins and another components having high stress concentration
is significant problem. Analytical and experimental methods of
fracture toughness determination for sheet-type bimetals under
static and cyclic loads are widely developed, but reported da—
ta _about strain peculiarities and strength characteristics are
limited. There is especially a lack of data about ABM under
nonhomogeneous stress state and elasto-plastic deformation.

RESULTS OF THEORETICAL AND EXPERIMENTAL STUDIES

Theoretical and experimental studies have been made on ABlM-spe-—
cimens, which consist of cover layer - CrNiWo steel and core

layer — Y 7 steel with de/D = 0,5 ( de — core diameter, D -
cover diameter).

The "® — € " curves of several special zones of ABM were used
for describing of deformation processes of bimetals (in relati-
ve stresses 6ph = 6Gn/6r and strains @n= €@n/€r ). The

"G — e " curves are described both linear

B2 for @Eei; B=14% GLE-1)Eep €51 (1)
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and power functions

6=€ for

Then conditional yi .
are presented as:yleld strengths of j- part curve " 6-e

6rJ=[g56}(er;)]/[§F}] (3)

where: 6;(€r ) - i
); (€1 stress values taking from curves " en
for the components of material under strain ey , whi§£ corres-

pond to yield : ;
e ol P G Ei:rength of j - material; F; - area under every

A linear hardening coefficient GU

-m

e<i; 6=€ for S>1 (2)

i of § — part of material is
Gr; = [(63gen/67)-11 /[(€1rgunr /E1))-1] ()
m; =[ Zg( 6‘7(3«)/613)] /[ Bg (erqﬂ)/erjﬂ (5)

The stress—strain field determinations are an imporf{ant prob-

lem under investigatio i 3 3
concentrators andgcracﬁs?f bimetallic pivot elements with ring

gzuggg'§050%gtions (Neuber, 1944) for deep and small incisions
e Divitloghgogzrggge usg@t;n elastic field for single ma-~
: = it 2 condition is characterize -
mediate depth incisions by i etemiacd Toridnbor
; neans - -
factors, which is obtaineg i intgf g?:tiggess concentration

oo, = St oy, LEDETY
e Vog-12+ o -1)2 ° o (6)

6 _ _ otay
O N(92)*+ (o7 -1)?
where: m
or dey , ot oy ;e :0‘2 »olz. - stress concentration

factors of first ( 6.4 ) a
f C nd second 6; i
intermediate and small incisions reépeétgvgi;? T

. .

Now lanOduce SbIeSS COnCenbrablOn fac bOI'S fOI deep and Sluall
. . . .

lIlCiSlOIlS based on nebsec blon. nominal SbI‘eSSeS

n_.n s 9 n m n .
6}\3‘633/“6,.1 °(J§=039$/6'" 5 oysg= J;/Gn (§=152,3) @7

Where: =r/a - 5 : i
incisioéo /£ relative coordinate for intermediate depth

O(G"z =

By substitution of (7) in (&) i
y n . » We derive formulae f
tlons of the stresses in net-section of intemediatgrd:;%ﬁu%i:

cision
(6 -6% ) (67" - 67)
(d/ D)*(6%-67")°+(6:"-64a)° Is

m

6;§=6n; [‘ +V
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6_ i 6"2 6'293 6;; l 6 i Gnr% 639§ 6;; (8)
2= (/D) (65) +@R): - - V(d/D)(6% R +(652)

Tinite — element method (FEM) calculation would enable us to
define more precisely the solution (8) by means of coefficient
¢> under the stresses 6; and 64 . This more accurate defi-
Jition led to better agreement of 6, , 65 with 6 , 6%
regpectively.

Calculations of stiffness stress state parameters in net — sec—
tion oln , pn and in maximal section max 3 Ppmax

otn= 620/Gin 5 Prn* Osn/Cun » chmax = Ozmax/Bimox 5 Pmax (65’%:::: e

and of first main stress increase factors

Tn=(2/[(1-ct’ + (1-paf +@la-B D"
; /2
Iqu =(2/[("—0(m0")2*'(1'Pm0X)2+ (O(mot "Pmam)‘z])1 (10)

were executed on the basis of suggested method for cylindrical
specimen D = 15 mm containing some incisions (incision tip ra-—
dius is @ = 0,01 mm and relative depth is 0,2 < d/D < 1,0),
as modelling ring crack. In and Imax as function of /D
are doun - like curves with maximum under d/D = 0,65 for In=
= 2,2 and d /D = 0,5 for Imax = 2,5, In and Imax were used to
determine deformation fracture factors — strain intensity fac—
tors. J '
To evaluate stress and strain fields in elasto-plastic state
we used the Neuber-Mackhutov (iackhutov, 1981) approach, based
on dependance between theoretical stress concentration factor
Ke and strain concentration factor Ke in elasto-plastic con-

ditions

Ke¥s - ¢ lote , @, §(Gn,En)] )
°‘e’

Introduce solutions Ke (% ) and Ke (€ ) depending on the cross
section coordinate
Ke(2)=8(5)/@n 5 Ko(8)=5:(8)/Gin e

Nominal stress and strain intensities (5’;;. and €n , respecti-
vely) were evaluated outside concentration zones with taking
into account of 3D -~ stress state in the concentration zone.

To recive the distribution of main stresses on net — section
we made assumption that stress state stiffness parameters o
and p in elastic and elasto-plastic deformation stages are

constant.

In pivot axial - symmetrical bimetal elements design (FPige. 1a)
we made an assumption about continuity and equivalency of elas-—
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Fige 1. Calculation scheme of the ABM-specimen

containing ring incision (a) and distri-

bution of the elasto-plastic strain in-
tensity (b) in net-section for this case.

to-plastic strain intensity distribution € (% ) on dangerous
sections in bimetals and monometals,

Usin% formulae (3)-(5) and values € (& ), we received values

67 )y 6:(% ), 62 (& ), 63( % ). Strain intensity dis—
tribution € (& ) on dangerous section is in good agreement

with FEM - solution results (Fig. 1b)e. Distributions of elasto-—

—plastic main stresses in a dangerous section are presented in
Figs 2 (o
The created procedure for stress and strain fields .calculation

in ABM - specimens give a possibility to evaluate limit state

in concentration zone and critical stress values for bimetal
pivot elements.

Ultimate failure strain intensity €. was taken as fracture
criteria., Nominal strain intensity €me for specimen with

stress concentration is connected with fracture strain for smo-—

oth specimen:

Ke€ine' In / Den = €icDemax / Tmax (13)
where: De,, — failure plastic strain decreasing factor
Tl e SNBE L,
In({+ctn+pn)

Kp - material characteristic.
Relation for Demax is the same as for Den taking into account
of dmax and pmax
If the nominal failure stress intensity 6Gine exceed the yield
strength, equation (13) can be represented with taking into ac-~

count of resistance increase to plastic strains due to 3D-
stress state

Y e 6,
MPal _D=15mm 300
4/D=0,627 FEM,)
6001— @¢-z00MPa [ ff |2%° It
/ 100 approximate
500 FEM /1] solution
\ 0
400 4J/| 2 65
G s li!y(/
200 200 == R
| e i 4
100
0

i ]
0
0 02 Oh 06 08 5 O 02 04 06 g% %

i i i - tic
i . Distribution of the elasto plas
T stresses in a dangerous sectilon.

s (1 e e

i erimental data
f the calculations by (14? anq experime : s
ggi giig%gimgtallic and bimetallic cylindrical plvot‘speglmzﬁe
(D =15 mn) containing ring incisions e = 1,53 2,5% 5, god
resgnted on Fig. 3. The curves on the Fige 3 preien a g
ggreement with calculation and experimental resultse .
imi i taining cracks
the limit state for specimens con =y
gg: 2gg%§c%§d on the basis of strain intensity factgrtthigrz
(Mackhutov, 1981) , taking into account 3D-stress state
dangerous section and in a crack tipe. i .
i iti train intensity factor for frac-—
%&ieeggzgzs%ggge;:r?régécai!sreflect effect of In and Imax
respectively) are:

(i)

* Pxe
an =(——'S°——-) for 6nc € @,zIn
T€¢ "\Goyz Iman B
» Pxe
—nm Gne ng Ke. e 6’ I
Klec iy (6'0,2 Iﬂ ) ( 60;2 Imox) for 6‘“ Co

where: Pxe , Ng — material characteristics and load conditionse.

i i 'Gn =V " (6h —-no-
imentally received functions for " © V
g?gai}cgiiégz in nbe’t—sections- V - crack opening displacement)
with taking into account (’]65 for Kize are
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Fige. 3. Failure stresses Gjne Ffor incision spe-—
cimens as a function of theoretical con—
centration factor (ABM: 1 -~ experiment;
3 = calculation, IU-69: 2 — experiment;
4 — calculation)e
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The curves " 6n =V " have good agreement with experimental
one's for monometals, However, the calculated and experimental
curves for bimetals have some divergency because of dividing bi-
metals on layers in some cases.

The fracture toughness tests of cylindrical specimens under sta-—
tic loading were conducted with the recording "P —V " and

"P —f " plots ( P - load, V -~ crack opening displacement, § -

- load-line displacements at the temperatures from 103 XK to

293 K.

The analysis of power (Fige. 4) and energy fracture criteria

shows that the bimetal has advantage vs 3M 69 and Y7 steels
in the range of 0,65 <d/D £ 1,0 both at the room and low tem-—
peratures. This tendency is increased under low (103 K) tempe-~

ratures, s

v =n

Studies of strain intensity factors Kiee , Kree and Krec
which take into consideration the 3D —~ stress state in different
way show that the factor Kfee is the most stable characteristic
in respect to crack lengths (Fige 5).
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Fige 5. The effect of 3D - stress state on
strain intensity factors.
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