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Abstract — A series of slow-bend fests and of impsct-tests on "differentially
yrecracked-Charpy—specimens® has been done on main steel grades for
shafts and gesr boxes (43403 9310; FNitzralloy).

For the main shaft steel (4340} different heat treatments have been
testad.

In the impact-tesis acme basic physical phencmenon already evidencia
ted by Pellini with DT -~ tests are encountered in the present investi
gation,

Slow bend ieais data were elaborated with original Bavez procedure
and according to Witzke -~ NASA - procedure,

Summary = Introducticn znd outline of the D,P.S.procedurs (#%)

Experimental results

Impact tests end fNat-fractures:
Comparison of the specific EC . plot with <+the propagation resizsimmce
curve as determined by DT -~ tesis.

Slcw bend tests: :
Comparison with XNASA (ASTYX) procedures (¥}

§

- Conclusions

— g g g g

EFTT Weeting Main Refersnces:

(*) based on works presented at the Engineering Fracture Toughness Testa ,
(EFTT), Meeting held in Milmmo on May 31, 79; organized by AIM, Associa-
zione Italiszna di ¥etallurgia, IGP, Italian Group of Fracture, and
ATFA, Associagzione Ifaliana per la Patica in Aeronauntica, and with the
Sponsorship of AGARD.

(*%) According ths main peetliarity of the test,ths Fissad procedure will be
also defined "differentislly precracked specimens® D,P.S. provedurs ses
test(A.d)and (B }in the first peragraph (also ref.t)

(»#%) Sucecop, Bubsey, Jones and Brown, (2) also lectures at the EFTT Meeting.
Witzke and others (3}, The procedures presented in beoth papers ars used
in the following paragravhs.
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Introduction and outline of the D.P.S. procedure

The research lines described in this v(ork are bagically the development of
some ideas outlined in & previous paper

At that time several pointa were congsidered of outstanding importance
and worth of future development:

— the liason of the "differentially precracked specimena® and of the french =pec.
ATR 0814 (4), with the two main families of $ests under specifications in USA
regarding Charpy-V specimens, namely: slow vend and impact tests respectively
{see following parts of this paragraph).

- the physical meaning and the itrend of the specific rupture ensrgy obtainable
dividing the impact energy by the ligement surface for each specimen broken in
sach EC, determination according 0814.

- the use of 2 geriea of differentially precracked Charpy-V specimens for each
test, {curves determined withn different specimens),

~ the parellel determination in 3slow and fast condiftion for precracked apecmens
of identical materials znd trestment.

In this presentatiorn the main gosl is to illustratas in a2 deeper way these previgus
points also by means of experimental resulta obtained in a characterization of
steels "consumable remelted" and specifically ugded in the gezared-Tfan tachnology,
becagse of the more stringent fatigue and fracture problems arisiag in *-h:.s fialgd
as opposite to the normal turbo—fan tachnology.

The gearsd-fan technology is a short~flash definition given by Bambergex %o the
meterials and engineering involvments of tha HFDTS (High Power Density Turbo-
Shaft). .

Basic papers dealing with fracture parsmeters a3 obtained with Charpy~V specimens
can he summerized as followa:

4) Dymamic tests on Charvy-V svecimens, (impact tests A-—asd)

(a) Charpy-¥ specimens subjected o impsct bending (Barscm and Rolfe)(? )jcized
also by Broekl ©J,
Purpose: First proposed correlation witk KIc starting from the determination
of total impact energy.
Notes: Total determinstion of brittls snd shear energisg, and consequently,
difficnity in correlating - i.nl a physical sense - ch with the obtained
values.

{b) Precracked Charpy-V suecimens subjected to instrumented imact(Koppenaal)('?);
25 & completation of Ecnmld work, see (3.a)
Purpose: Separation between brittle and shear conftribution by recording
foree during impact failursa.
Notes: Difficulty in evaluatvion of strazin rate sensitivity in case of corres
lation with Er.. Possible experimental difficulties caused by frequencies
which are typical of the gystem and of the specimen, eapecislly in case of
the brittle materials.
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(e)

(d)

Precracked Cheroy-V gspecimens subjected to instrumented impact, by analogy
#ith Zoppenaal work (B.A. Wallaert, D.R. Irelsnd, A.S. Tetelman) .8’
Purpose: Introduction of the use of insitrmented tests with Charpy-V precracked
specimens, even for high toughness, low tensile strength steels,znd correlation
with Fracture Mechanics-

Notes: This test is recomended for low and medium strength steels as opposite
to the normal impact on precracked specimens usefull for high strength steels,
Substantial effacte coming from strain rate, and differentiating Ero 2nd K13,

Standard dimensions Charpy=V specimens "differentially precracked™ subjecthed
to_impact tests V7) (noie the similitude with the slow bend test B.d)

Purpose: Qualitative and quantitative correlation of EC,; and of specific energy
from B.P.S.,with Kr..

Notes: Standardization of specific energy vaelues in order o determine shear
contributions for control of constancy or—alfernatively-of the vmriation
between EC, and E, where EC, iz the extrapolated energy for the fatigue crack
length Yending towards 0 and E, is the energy value for the affective flow
length of each specimen. See (Table 1, sten 3).

The impact measurements are made with 2 normel, not instrumented, pendulum

3) Static tests on Charpy-V svecimens, (slow vend tests B-asd) :

(2)

(u)

{e)

(d)

Precraked tut not instrumented {subsize) Chearyy-V specimens subjected to
Irzcture by slow bénding., HMost reliable correlation with ETe val in
respect of other %test on Charpy-iype specimens, (Roneld ard others)‘f'

Purpoger Optimizziion of engineering fracture foughness teat by comparing
different uses of Charpy-V spacimens.

Notes: Difficulty in finding the right explanation in termsof physical model.
Deviation between scheduled and calculated values for higher toughmess mate
rials.

Charpy=V subsize (5,25 mm) precracked svecimens subjected to slow bending
(Succop, Bubsey, Jones zund Brown).t 2/ ‘
Purpose: Measurement of the specific energy for fracture through integration
of the load-deflection curve or of schematization of it for correlationtoElge
Hoteg: Use of calibrestion factors applied %o the fraciure energy values
ovtained with different medels.

Charpy—-V subsize (6,25 mm) precracked svpecimens subjected to slow bendings
(Witzke znd others)e’ 37

Purnose: Use of Ronald suggestion concerning slow hWending vut by calculating
fracture energy values according the different procedures as checked by Suc—
cop in the cived paper, [‘Eest B.b_?.-

Notes: use of calibration factors applied to energy values.

tanderd dimensions Chearoy-V specimens, "dilfereniially orecracked" gubjected
to slow bending! 9) {note the similitude withk the impact test A.4)

Purpose: Determination of Ky, from D.P.3. in analogy with ASTH Z 399

Notes: 4 series of F~3 curvea Tor several precracked samples for determination
of one Ky, figure.
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Experimental results

Specimens and testing equipment

- for tensile tests: round specimens (f 4 mm x 4 4) tested on Instron dynamic/

static electro-hydraulic machine; using strain-gauge exten
sometel's

~ Tor slow bend tests: Charpy-V specimens precracked on FISSAD facility, at

predetermined crack depthes and tested on Instron dynemic/
atatic electro-hydraulic machine using threae-point-bend
fiziure and strain-gauge extensometer for plotting load

v3, 8pall. :

- for impact tests: Charpy-V specimens precracked on FISSAD facility asnd tested

Haterials used

on Charpy 300 J pendulum and on MANLABS pendulum:the choice
cf the penduium depending on the hardness lavel.

- SAE 4340=ESR g 20 mm Spece: STA 100=85-04
(treated for 31+34, 36+39, 42+45, 48+50, 53+55 HRC)
- SAR 9310-VAR B360 mm Spec.: AMS 6255 (tr. 36+39 HRC)
- Nitralloy =VAR #4100 mm spec,: AMS 6470 (4r. 4%+51 HRC)
(135 moda)
inalysis
g Si ¥n Ni cr Mo | AL Cu 5 ? v
4340 - ESR 0,40 {0,33|0,78| 1,73} 0,82} 0,26 | = - |o,008 {0,010 | 0,11
‘9310 ~ VAR 0,09 | 0,30 | 0,47 { 3,33} 1,36 0,13] = - 10,002 0,010 | =
Hitralloy-VAR
(135 moda.) 0,41 { 0,40 ] 0,61 = 1,69 0,35 | 1,02|0,14}0,001 |0,007 | -

Data presented

The data pregsented can be summarized as followss:

« Dreliminary:

figge 1,2,3 and 4 are preliminary experimsntal svidences
related to the "resistance ~ curveMapproach to the ECq
plot, according to the D.P.S, nrocesdure.
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TABLE 1
"FISSAD” AND D.P.S. SYSTEM FOR EVALUATION OR ESTIMATION OF FRACTURE TOUGHNESS PARAMETERS

CHOICE OF MATERIAL |
l |

™

PRECRACKING WITH FISSAD

POSITIONING OF SAMPLE TAKE A NEW SAMPLE |
' T
ADJUSTMENT AND CHOICE
OF A K AND OF CRACKING | PUT A HIGHER A K
DEPTH a r
YES NO
T GO ON? y :
STEP 1 DETERMINATION OF THE NP© _ _
\ . | OF CYCLES TO NUCLEATION n; | PUT A LOWER A K
[mm}?
' YES
measurement of nj N Togaéﬂlgﬂ? —
t il log da.éﬂ /{(__7l/
Y step2 a-—~—#1- || FOR'-EACH SAMPLE A Aa/An
ni 1 ,"1;2;‘3 n FOR ADETERMINED AK SING FR OR WITH DATA FROM THE DIFFERENT
MEASUREMENT AS AVERAGE |USING DATA FROM RECORDER | gapmp) S -m-RELATIONS 9%/dn —»-A K
[n OF SLOPE AT 1:2 AND 3mm —»CURVE OF PARIS (CENTRAL PART)
DETERMINATION OF F=f (S) oo B
CURVES AT CONSTANT a VALUE
FOR DIFFERENT MATERIALS
I - v — PRECRACKED V-NOTCHED
i CURVE 'F'Vs. BENDING 'S’WITH SAMPLES WITH DIFFERENT
e W
VALUE 1 ¥ LIKE WITH SLOW BEND TESTS
| DIFFERENT USES OF PRE-| INSTRUMENTED IMPACT TEST BUT FOR EVALUATION OF KID;
: v | CRACKED SPECIMENS | . % J, OR FOR OTHER CORRELA -
' TIONS WITH KIC AND MEASU-
EVALUATION OF KIC AS IN- | REMENTS OF J
TERPOLATION FROM 3 OR [
MORE VALUES OF FrroxFROM | |
'F'Vs.S’CURVES FOR SAMPLES IMPACT TEST £
g | WITH DIFFERENT CRAK DEP - v A .
> | THES a;2,3;..(AFTER RAVEZ) | | ECoh
STEPG o | | PRECRACKED IMPACT TESTWITH | g | STEP 3
A , | ' CRACK DEPTH a,;a,a5.... ... FOR | E; mjr\\?\ —_
KIC ] IR
Fmax 1 ‘JH\ OTHER METHODS OF EVALUA- | ESTRAPOLATING ECo o I
Fmax2 [—{-+— TION AND MEASUREMENTS l ‘ KiC a, a a; a
Frmax3 \ | WITH PRECRACKED CHARPY'V' | | e A P
! 1N . | SAMPLES FOR OBTAINING (ES-{— _ECo—KIC
a1 32 33 3@ | TIMATED) VALUES OF KIC; J; STEP 4
COD; etc. —-
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» impact—testa:

e DeP.S, limits:

« 8low bend tests:
(NASA procedures)

+ 4340 - ESH:
(overall tensile
and fracture
characteristica)

« 4340 -~ ESR:
{overall Charpy~V
fracture tests)

« Comparison
vetween different
steel grades:

figz. 5 and 6 are related to the systematic izvestigetions
by wmeans of the EC, plots and of the "specific ensrgy”®
version of the EC, plets,on 4340 = ESR steel grade.

fig. 7 marks the actual limitation of the DeP.S. procedure
(dynamic 23 well as static) when the aim is to obtain
LEFY baged parameters.{Outside of LEFM the IC, plot is
very usefull as quality level indicator).”

figg. 8 and ¢ evidentiate the comparison between atatic
DePeS. results and data obtained from the identical load-
deflection curves according two different NASA procadures.

in £ig.108 summary is made for the tensile =23 well as for
the static and dynamic DePeS. figures obtained from 4340 -
ESR Charpy-V specimense.

figZe 11 shows a comperison hetween the two D.P.S. orocsdu-
rea (static apd dymamic) a3 well as for the two NASA pro—
cedqures as used.

Table 2 shows numericel data abaut fensile 23 well asa iract
ure toughness for three main steel grades used in the
Zeared — fan technology and experimented in this work,

% Sae, for example sxperimental data for the steel used in the pylom of fthe A 300
Airbus, in the paper of J. Odorico, EFIT, Heeting,



" DIFFERENTIALLY PRECRACKED"
g CHARPY -V TECHNIQUE

DT " PROPAGATICON
RESISTANCE " CURVE N
e

o _ _FRANGIBLE o K, iy

FULL PLANE STRAIN PLANE STRESS
CONSTRAINT CONFIGURATION CONFIGURATION

FATIGUE PRECRACK LENGTH a {FOR CONSTANT W)

<t
LIGAMENT A a {(CRACK EXTENSION)

by

3

(CRACK PROPAGATION TRAVEL )

Pigs 1 Model for the propagation resistence curves determined either by
recording specific energies es determined on Dynemic Tear apeci-
mens at increasing crack propagation valuss, As, or by racording
impact specific energy on precracked Charpy at incressing pre—
crack length a. The two sydiem for recording impact values are
opposite in the dizgrasm. The system with D.P.S5, Charpy-V corre—
sponds to the "speecific® version of the EC, plot, (left side).

T = high resistence; 2 = intermediate resistence; 3 = frangible.
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Impact tests and flat - fractures

Comparison of the specific EC, plot with the propagation resistance curve as
determined by DT-tests (fig. 1),

The main point for this comparison lies in the dynamic determinal¥iom (step 3,
table 1); the gross rupture energiss applied in the original procedure are modi
fied into specific rupture energy by dividing through the ligament surface to
obtain a "apecific® EC, plot.

Apart the trivial fact that the specific energy vs. a (crack length) (see plota
step 3) ars apposite in trend in respect to the original Pellini, Goode
and coworkesrs diagrams ”}, it i3 clear that thiz {ype of representation
for the specific energies of the differentially precracksd specimens corresponds
to the propagation resistance (B - curve) determination (epart the dimension of
the specimens now invelved) (see fig. 1).

Considering the Dynemic Tear propagation resistance method, severall points
seem worth of note ard comparable with specific emergy version of the EC,; plo®
{differentially precracked specimens):

. the use of different impact values obbtained from oversized Charpy specimens
differentially notched or precracked in terms of variation of the ligzment
lenght, (& a, also defined as crack exiension or crack propagation);

« the intervolation of & curve trougn the experimental spacific. energy values
and the consideration of the aralytical form of this fumetion;

« the asgembly (on the same curve) of points with different physical meaning
(with or without shear lipa); transition from flat fracturs fto shear fracitore;

Affer conzideration of the formsl analogies involved in the DT resistanca -
curve plot and the specific version of EC, plot, these following differences
can be evidentiated:

« the most important region of ths DT resistance curve iz the highest values
portion (because the aim was to rationalise the behavior of the materials under
plane-atress); on the conitrary the energies obtained at medium and low levels
of ligament (medium snd high fatigue-precrack lengths) are foundmmental for
plotting the IC, curve;

+ the rationals of the DT resistange~curve is an higher order two parameters
function taking into accounmt the increasing slope, the influemce of the two
pargmeters thickmess 3B and creck propagetionAa,and describing the trend
or the transiiion between plane stress and plane straing on the contrary the
ECy= plot - points are interpolated with a simple line (originally a straight
line) ard EC, is the extrapolated value to zero precracking;

« in the DT resistance—curve the experimental aim is to obtain the raising part
of the propagation function; instead with EC, plot the experimental aim iz to
extrapolate to alimit value{ECo), corresponding to a maximum possible percentage
of fiszt fracturs;
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« the main goal of the original DT propagation-resistance curve was 4o give a
synthevic represeniation of the evolution speed of a sharp flat-fracture crack
front into a smoothed 45° shear lips configuration, as essential for a valuable
propegation dampiug; es opposite, the specific EC, function is a way to reduce
shear lips contribution and to put in evidence the work for opening s standard
defect, essentially under pseudo plane—sirain conditions;

e« in the DT resistance curves the embrititled noteh ig different in respect of the
fatigue well defined notch of the EC; plet.

The flat-fracture condition and the comstancy or variation of specific energy in
a "differentially orecracked specimens" plot, {figz,2=-3~-4),

« The series of flat fractures for different ligament lengthesas experienced in
certain cages by Judy and Goode, in a previous LTS work, as well as durirng
the actual program of tests, can be considered a {ypical physicsl phenomencn
connected with the reduced extent of the vropegefion resisztance aa exhibifed
from different structural materials, at scme harduess levels. '

« Thia siitmation, in fact, can be explained either with the persisiing absence
of shear lips for all ligament conditions tested, or alisrmatively, (at least
from the theoretical point of view) with the presence of constant percenfacge
of shear contritution in all, impact specimens tested for each Familys

« This constancy in Charpy fatigne precracked specimens was at fZirst time expe— |
rienced7during normal EC, (ATR 0814) teat Tor three different steels (1) [f:!.gg.
2 and 3 -

. After a check on eliermative impact measurements it was found that this flat
trend foxr the %ropagation energy was alsc encountersd from Judy znd Goode ei-
ther in steelsl!) as in alumimm alloys

Tt

« A3 a comsequence of the first preliminary resulis found in differentially
orecracked Charpy-V specimens a2nd in consequence of the iwo cifed papers, a
sistematic contrel of the specific emergy for propagation,calculated on all
Chzrpy specimen tested, was planwmed 23 a normal rulse, combined with ATR 0814
gpecification.

» The simple control of the trend of the speciilic energy can ellow two different
and opposite type of resulis:

- an additional indication giving warranty that flat-fractured Charpy specimens
are really in conditions of elastic rupturs, (See experimental results);

- a rationsl description of the higher ensrgy side of the DsP.S. Chaxrpy-V
impactlot {presently discriminated o le=s uwsed) in term of propagation
registance prediction sccording the Judy and Gooda suggestion for the much
heavier DT tests; (see for the "par?_?i‘gic contributien” in the EC, plot, as
evidentisted by Ravez, fig. V o«f ref 9.,

s Activiiy on this second point is in rrogres with the aim of improving the

correlation between EC, data and Ky, values,at higher foughness, i} means in
the range where the correlation is now lacling {see next parsgraphs).
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(with different fatigue precracksa)

Fige 4 Typical examples of constamcy of the specific impact enerzy values
{in case of flat-fractures) obbtzined either with DT specimens (1)
and witk D,.P,S. Charpy-V specimens subjected to impact,

The D.P+.S« flat~fractures were obtained during systematic work
on 4340 ESH steel described in the next figures (5,8).

4340
ECo

ESR

HRC 31:=34
HHC 36+39
HRC 42 :45
HRC 4850
HRC 332335
3
: 200

X+ ¥o0e

(4]
200

* Ecynz1isy
1007 =0, a6

ECYN =22 .34
29 7ECYN=22,5d

+Ecyn=16,44d

g
_l £C0 13,
10

O
709 Ecyn=704 =
]

100

r 30
70

50
T [

*, 4o
- 30

Fige 5 ECy plots for the five femilies of Charpy specimens, machined from
an identical bar of 4340 ESR snd fremfed for different hardness levels.

34=11



Fize &

IMPACT SPECIFIC ENERGY

120

1181

100 ~

90

80 -

T

[chmﬁ]
. .
1
o
(o]
O

30~

+ xt L X #x X +

g

4 5 § 7
{mm] LIGAMENT W-{2+4a )

Propageticon resistance curves zg obtmined from data of Fig. I
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(*#, +, x) presant a Tlat provagetion resistence curve. In this cage
the Zy, velues obtained by 20, coxwelation are in agrsement wiith the
values obtained in glow hnend fests with DeP.35. or with Fi54 procesdurss.



Comparison with NASA (ASTH) procedures (#) (fige. 7,8,9)

In this comparison the step 5 and & of the differentially precracked specimens
technique are 4o be considered (see table 1).

In fig, 7 ar internal chack of the self-consistency of two D.PeS. pTocedures
{static, and dynamic) iz carried out on the Charpy-V specimens coming from the
same 4340 steel bar, The experimsntal poinis were carried out at the same UTS
level used for the remainig parts of this work.

This figure evidentiates the main limitations of the D.P.S. tests (either slow
bend or dynamic): the values of the static fests are well below the correlation
line (double arrows) and the dynsmic test values are increasingly in excess on
the right of the doited-line {singls errows). In a previcus work, with less
tough steels, She limit of the Xy, v8 ECp coxrelation range was extimated af
abaut 30 /J/

Due to the =2bove menbioned limitations the P va S curve already used for ihe
detemination of the "small sample® Ky, values according the DePeS. procedure
were subjected to the ca(lc)u_‘l.a'b:.ons according to the %wo NASA aystems {squivelent
enargy and w/A %o Fpar Data obtained from static D,P.S. wers comparsd
either with the "eq;ulvdent energy® data and with the "W/A $ill F " data; the
comparisons reporied in fige 8 aznd 9 respectively show a fair agreement in a
tynical asrospace range snd prasent for the DePeSe technigus 2 systematic drop
at high toughness lavels.

The different considerations czn be divided in two groups, nsmely:

~comments from the point of view of methodologZys;

~¢comments from the point of view of numerica] reliability (for example in term
of value obtainabls according the criginal ASTH standard),

45 for "the methodology® the two main comments ares 1) the D.P.S. technique
(uging for ithe slow bend determination load values read on testing machine) is
one of the mogt easy experimental technigue permitiing to reach {racture
parsmeters in the most straight ways; 2) ihe D.P.5. technique is also dependabie
becanse of the peculiar use of the nomocgraph. Om the cpposite the HASA(Witzice)(3)
techniques are less streight forwazd becense of the calewlations imposed by the
proceduret.

As for the "mumerical reliasbility® the price of the procedural simplicity is (a%
least for our experimental tests) partially paid by a loss of maximmm load
because of plastic deformation, starting Zrom the region of medium toughness.

According %o the simplest way of application of the D.P.S. technique {as origi-
nally proposed) the after—-yelding fracture temdency typical of sm=ll specimens
Seems %o penalize the medium znd high toughness tests (gee experimental results)
in gsenmof giving always congservotive values,at hizh toughness.

This main trend evidentiated for the sicw bend figures mede following the DeFaSe
technigque i3 one of the main explanstions for the proncunced deviation (om the
low side from straight line correlation) between the 1o slow bend and the <orTes
ponding EC, values; (fig.T).

« This con emphasise once @more the two mein ressons of devistion of the values
determined following engineering fracture tuoghness +tests(in respect of the
original ASTH standarddas msde according fivst propossls, (see introduetion).

(*) see test (Bec) of First paragraph.
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« In cage of small specimens bending tests in which the maxirmm load is recorded
(and used without taking in due account the actual behaviour of the plastic
zone) this value gives normally Kp, {it would be better to say KEFTT) lower
than velid Ep,;on the contrary in case of small specimen subjected &0 bend
for recording (integrated) fracture energy value, ithis value as whole is

" normally the origin for oo high fracture toughness determination {for very
well kmown reasons).

« The first tendency {negative deviation of KEFTT in respect of wvaliad KIC) for
medium or high ftoughness D.P.S. s3low bend is very well illustrated by the
different cases studied by RAVEZ. The original D.P.S. slow bend technique
having choogen the most restrictive load determipation (inStead 0r pasging
tTongh the complete snergy integration) is consiatently on the conservative

side.
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Figa 7 Crosa check between static and dynamic D.P.S. tests on identical
Charpy-V specimens, mechined from identical 4340 ESR bar, (see
also experimental resulta),

This exemple evidentiates the main limitations of D.F.S« figures
(éropping values over 20 /J/)end conzequently the opportunity of
alternative procedurses for medium-high toughness levels (gae in
experimental results data calculated according NASA procedures).
The dashed line corresponds to the original Ravez correlation
line for steels. The experimental poinis are carried out at the
identical UTS levels of flgg. 5,6 and following.
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Pige 8 Cxoss check of ocne to one correspondence batween 3low bend DoF.S.

original procedure and Ey, obtained from equivalent energy technique
(WITIKE, NASA).

The congruence is majntained in the typical zerospace material range.

H

160 =Ky

/
120 %
80 - ' Y

[MPa V] -
N+

i L T

] L3 T 1
40 80 120 160 200 240 Ky
[MPa V]
{ W/A TECHNIQUE TO Fmax)

{ SLOW BEND ON DIFFERENTIALLY
PRECAACKED CHARPY- SPECIMENS )

Fige § Cross check between D,F.S. procedure and ch'obt&:i.ned frem w/4.
technique to F . (WITZXKE, NASA).
The congruence 18 maintained in the typicel seroapace material range.
The divergency of EC, values in the range of Ky, > 120 ¥Pa V& dizap
pears becasuse of trumeation at F,. of the energy integral (as
foreseen by the NASA procedurs),
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Gonelusions

In fige 10 {overall mechsnical characteristics, %ensile as well as fracture
data) the congruence between the trend of the "small sample” Kp, (from D.F.S5.),
E and EC_ for herdnesses higher than about 40 HRC , is worth of notee.

The largest difference between E,y, tmd EC, is obviously at the minimum
reported hardness. At minimum hardness the trend of the static DeP.S. Ky, is
migleading for the losa of waximum load because of plastic deformation.

Pige. 11 (4340=-ESR, frazcture data obtained with different evalustion techniques)
shows that in the YTS range 1600 + 1300 MPa, the two D.F.3. procedures as well
as the two NASA proceduresare in mtual agreement.

In the 1300 + 1000 ¥Pa range only the static DeP.S. procedure is in agreement
with the two NASA procedures, A4t lower level only the two NASA procedure
romain in fair agreement.

The data obtained with the two "small sample™ approaches, in the fange of
mitual agreement, can be compared with an indipendent source of data (fig.12}.

Conclusions can he summarized as follows:
a) Slow bend on precrscked Charpy-V specimens: mitual and "cross check® relia
bility of the different procedures as discussed in this presentation.

) Impact tests on precracked Charoy-V specimens: wmain ateps of evelutiom for
the plain impact measuremenys (without possible comparison with other
procedures of comparable simplicity).

¢) Somg additional peculiarities of D.P.3. testworth of future developmente
Limitations of plain - strain ftests.

a) According the experimetal resulis obtained in this worlt with aircraft mate
riala, if{ is possible to give confidence to Ifracture tougbness parameters
a3 determined sither by D.P.5« slow bend Charpy-~V procedure or by the itwo
NASA procedures used. The different types of approach are giving resulis
in agreement in a range esgential for the aircraft industry. The validity
range. of the D.P.S5. procedure (as alremdy evidentiated by Ravez)is limited
to 120 + 130 kg/mm? =pd is therefore smaller than the FASA ranges.

The adventage of the D.P.S. application is the higher gimplicity.In case of
higher- -toughness it i3 advisable to use the NASA procedures with the relafed
calculations,

b} Concerning the straight plein impect messurements i3 is possibiles o
concluds that after the Zirst su.ggestic? o correlate the bare impact energy
%o K7o 83 proposed by Baraom end Helfe 5 s, Two additional mzin steps hzve
been put. in evidence now (one consclidated and cne in progress):

- the French gpecimens issue of AIR Q814 for the immact test on vrecracked
Chargy=~V, allcwing to correlate Ep, with EC, {(and not with Egym energy),
by reducing gross plestic contribution by means of differemtial precrack

ing;

-~ the deeper discrimination of the skesr energy contributions to EC
(even on medium - high touginess materials) by taiting into account the
verience of specific rupture energy.Cne of the basic intrinsic assumption
for the "nom plastic” EC, value extrapolation sheuld be the c?nstancy of
the specific impact emerzy. See for example pag. 1 of Havesz 4).
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@) Pinally another point definitively on an oppasite field in respect of the
‘linear elastic fracture mechanics ia the aralysis of the whole specifice
energy curves, for the determination of the propagation resgistance, as =
funpeticn of the crack depthe. Iz this case there is to check if and at what
extent the form used by Pellini can be used, for smaller impact Specimen.

Concerning the steel vehavior in plane stress it is necessary to ccmpare in
table 2 (reporting tensile and fracture data for the three different Zrades)
the two grades 4340 and Nitralloy at the same YTS level ( 1500 + 10 ¥Fa),
Even if the "small sample"X;, and the EC, figures for ithe fwo steels can be
compared, the gole consideration of EL, ROA and Egynm should suggsess the
choice of the 4340-ESE 'instead of the Niitrelloy,even for nitridad parts,
This is one of %he mairn reason for recording the Ifracture jarazmetars as
quality level indicabter; sven far ocufside of fthe rauge of valid correlaiion
of "small sample" Xy, values. :

i complate judgemernt about the @merit of the fwo grades (both conmsumablea
Tamaliad) -should considars the compazrabls X, lesvel, 23 3 necessary bui zo¥
gufficient condidions. Iz cage of matarials with a comparabls {—zcthurTe
toughness (Yhe Ty, vAlue i3 relatad to the Ifracture imitiation) the fizal
chcice shonld tend to the materizl with the bettsr propagation resistancs
bahaviour.
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Fige,10 Hechenical cheracteristics for 4340 ESH treatsd for five hardness

levels. The following points are werth of nota:

- the congruencs of the frend of XZy,, EC,, plain impect Ecvm, in the
typical range for aerospace spplicatien (UTS > 1300 Mpa).

~ the K7, (slow bend D.P.S.)} values (as obtained with the original
DePeSs Yechnique) evidentistes 2 misleading falling YTend at
UIS < 1300 ¥MPa.

- at high hardness level, the competitlvity of Rod and T1 values
in respect of the lower hardness ones.
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for KIC -
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TABLE 2

f 2
Ma Moreliard- K fromfX_  _ from{ ¥ from K from KIc-F.e .
te [di-jness | urs | vrs EL | moA | B BCo | ¢ 1°- ¢ e 5 (—gg5 )
rial|reec - . . GVN ~ ECo |D,P,S, F max F eq.
tion| (HRGY| (MPa) ] (Mpa) (%) {£) () (1) |(MeaV )| (uea¥ )| (pa¥ m)| (MpaV m) {(mm)
53 2160 1510 | 13 46,11 21,5 | 2.3 47.1 4641 44,1 45.6 2.28
L + '
55 1+ 0.1% 4+ 1.29% + 8.1+ 5.90%
1L +
M 42 1435] 1368 | 15.6] 55.4 | 22.9 [13.1 11,7 113.8 | 105.3 | 118.7 18.82
L + :
55 36 1276] 1210 18.9] 57.3 70 19 L 192.4 120.8 132.7 146,6 35.48
L +* \
39 14 0.4 14 0.51 14 5.2[+ 2.02
31 995 921 23.5] 64.4] 118 86 280,8 101.2 132,17 147.3 63.96
L + : .
36 1217} 964 | 16.7] 71 | 133 |69 2545 107.8
Le + .
o 38 |4 0,65+ 1,01 |+ 4.23}+ 1.07 & 8.5 L = Longitudinal
< 16 1224 970 | 17 69.4 | 110.5 |69 254.5 110.71 Ii = TLong. intern.
B i + .
° 38 |+ 0.28/+ 1,31 |+ 5.850+ 1.432 6.3 Le = Long. extern,
= . 16 1214 967 | 17.5] 69.8 | to6.5 lss 248, 2 110.7| 1 = Transverse
. .
49 17631 1486 4,2 9,9 4,84] 2.55 49.6 78.7
s | L + :
g 51 | £ 0.25[+ 0.66 [+ 18.5|+ 27.5 |+ 6.
49 1723 1447 4.1 12,3 5.09 2.6 50,2 T4
T +
E 51 |+ 0,050+ 0.23 |+ 25.4]+ 16 + 12,7
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