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Toughness and Microstructural Factor of Ti-6A1-4V Alloy
Mitsuo NUNOMI, Toshiro KOBAYASHI and Nobupuki SASAKI
Synopsis :

Instrumented Charpy impact test, dynamic fracture toughness test and static fracture toughness test
by DG electrical potential method were carried out on Ti-6Al-4V alloys with various microstructures to
investigate the effect of microstructural factors including fractographic measurements on various toughness
criteria, i.e., Charpy absorbed energy (E;: total absorbed energy, E;: apparent crack initiation energy,
E,: apparent crack propagation energy), dynamic fracture toughness ( J d), staticfracture toughness ( ;¢
or Kg), static crack propagation resistance curve ( Jrcurve), and static tearing modulus (7,,,;).

Evaluated toughness of Ti~-6A1-4V alloy appeared different between Charpy test and dynamic toughness
test mainly because the microstructural unit which controls the fracture may be different between these
tests. Evaluated toughness by Jz curve or T, did not necessarily coincide with that by J1¢. Thus, it
is necessary to use a proper toughness criterion according to the method of design. It was found that mi-
crostructure had a more significant role in influencing the T,,; rather than Ji1c. Further, the relation-
ships between microstructural factors, i.c., areal fraction of primary «, mean free path of primary «, depth
of dimples, prior # grain size, and block size ,and various toughness criteria mentioned above are clearly

defined.
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Table 1. Chemical composition of material, (mass%)

Material Al v Fe (@] C H N
Ti-6Al-4V  6.37 4.01 0.15 0.101 0.008 0.0029 0.0099

B 60 £ 4 BALMIEAKICCHRE WM 60 £6 A 18 HZfF (Received June 18, 1985)
* BRBNEI% A% I (Toyohashi University of Technology, 1-1 Hibarigaoka, Tempaku~cho

Toyohashi 440)

* BREMEI¥ K% K% (Graduate School, Toyohashi University of Technology)

— 99 —




634 G & M % 72 4 (1986) £ 65
- - d
= 2| |
- . \Yh
(a) o Ul
© ©in
3/
27
o= 9’ 50
0 62.5 .
3 19 (a) Standard Charpy V mnotch specimen,
55 (b) Side grooved deep notch specimen,
( C ) (c¢) Compact tension specimen,
(b) Fig. 1. Specimen geometries.
Table 2. Heat treatment condition of specimen.

Specimen Solution treatment Aging treatment Microstructure HV
A 978k x 2h, Annealing Equiaxed a structure 308
B’ 1173k x1h AC 813k x4h AC " 312
C ” wQ ” " : 337
D 1228k x1h AC ’ " " 305
E ” wQ " S 360
F ” " 978k x4h AC ” 309
G 1338k x1h W 813k x4h AC Acicular a structure 368
H ” w 978k x4h AC " 389
I 1423k x1h FC - 813k x4h AC . " 300
J ” AC " ” 345
K n  WQ " ” 444

FC: Furnace cooling, AC: Air cooling, WQ: Water quenching, HV: Vickers hardness
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Fig. 2. Apparent crack initiation energy (E)),
apparent crack propagation energy (F) and total
absorbed energy (E;) obtained by instrumented
Charpy impact test. '
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Fig. 3. Comparison between (a) dynamic frac-
ture toughness (Js) and (b) total absorbed
energy (Ei).

LigoTw5%.

Fig. 3 2bbhb ko, V7 yF vy b E—RAR
X B IHE T A o BB EHR « Hilic
HEE LR Wb L, Ja B X % PH:EHE ©
ZEHR ¢ BB TRIBRERAE LR TRY, B
EARS ORI SPMA R/ S, T X 5 ISy, B
T =Y AEBEOWTEELD— AR I OTHEX
FLTAN B DO R KRt 3o C Ti 44 CcH Ak
RBENET S Z Edibhb.

WE, XZUEMOWHEATETS I 7 v HBHAL (R
L) BhlkBEBABERESR () KRELLLE, W
BARETLEE2DE, BABOEM (00 BIUVY)
REEMAEE (p) AWV, Erdo Jo —Bick
ROBIRTE S h B0,

Jeox ayero (oy: FEAR T ) @D

= ORI, BNEH T TLRILT SN0 LichioT,
PR ERWLRD KEZ p HAILT Ja ZEAL L
LUFD o ClR—ED Ja HEIRDZ L XAFHCEBMRTE
B SHh o BEREEIR o BRE T, COBEERRE
T5 37 n BRI B LR, v rE-RBRT
O L AR T AHEFERTH S LHEEShBD. O
L, BRI Fig. 4 X 5CHPTERLELDR
5.

3.2 BAORGET COWMMEM

3-2-1 HHTENME ,
BREMEER LY, FREWELESEAEORTO
WCHRTE SR B RO W BIMEE Jrc & Table 3
wRT. A, [ASTM E399 BEDHESL 5%
off set HHLREESh D Ko il XV Jic (EPM) (B
IymEIhsKic() ERb0 Kic())/Ke fEDR

— 101 —




636 % L oM

% 72 4 (1986) 46 =

O —4

—O— Equiaxed a
~e— Acicular e

T
Jd CVN
Notch root radius : £ pm

Apparent fracture toughness :Jd, kJ/m

Fig. 4. Schematic representation of the differrence
of toughness evaluation between Charpy V notch
(CVN) test and dynamic fracture toughness test.

Table 3. Jrc determined by DC electrical poten-
tial method (J;c(EPM)), Ko determined accor-
ding to ASTM-E399, K;c(J) converted from
Jic(EPM) and K;c(J)/Ke.

Specimen A B D I J K

Jre (EPM) (kJ/m?) 37.3 47.3 55.3 27.0 3.8 19.6
Ko (MPam!/?) | 68,8 81.1 87.0 90.6 86.9 82.9
Kre(]) (MPam!/2) | 65.0 75.4 81.0 60.8 66.9 49 4
Kre (J) /Ko 0.94 0.93 0.93 0.67 0.77 0.60

Kig (J) =+Jrc (EPM) - E/(1—v?),E: Young’s modulus,
v=Poisson’s ratio
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Fig. 5. Cange of J integral value with
crack extension (4da).
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Fig. 6. Change of tearing modulus (T pe1)
with crack extension (4a).
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Fig. 7. Relation among E;, Ej, E;, Jic, Ko
and Tmat-

X eERARD B, TAERIh W5 BEFFAERT
75 L5 BARIY, SHEBRBBREEETEERL
oD TILBRFR L7 h, BOBREEL THEELD
iz Fi, Ve lE—RIR=FF—1%, K
SUEBBEHA TR LT E WS R BEHRET 5.

BiE, 7 o, XZERFAEMCYL
T v XAEBESBMEC UCHBRCE RS & a3
T‘é‘fﬁﬁéﬂflﬂéﬁp@, B+ s X o, Tmat 370
ik & O BIF B RD bh, APIRERDZ
NEFELTWS. Lot BETORBD That
BEWOIL, ZORBTOWHEBEMSAAE L, EHOHE
BEHUAKREL RETIHEREORMREE LD .
3.3 FYEME EnJi Jic, Ko B&U Tmat) EX7

DRSS A & O BER

3-3-1 % o HiK

Fig. 8 & E: # XOWIH o MHEREROBKER
3. WEOBFRL, BECBEOBHEECKFE L TH
D, B AC LiBawi, ADHREMERT.
TDT LT, BBELHET LY, O « HOBEETHN
LCRETRENRLDIZEXRLTDHEIELLRD
7, BLAZONED f B (=20~30%) OFT, B
HOWE LT 2 EiEA BT 5 2 EER TR
WhrkBbhs oFn, B HOEMPCOERMELNE
bhs & A0 HBERED bh, FEIELNCHH «
Hh A\ a/f REYGEEERE LTURIELS TR
b EBbhs.

— 103 —




638 % or W

# 72 4= (1986) # 6=

Et Jo Jc Ko Toat

~ 1200 ¢ & © %:A Tmat 8
= o 9o e %x:B !
& A -~ - - ~:C ‘k
= 100fe ¢ o ¢ ®:D VN
~ A - - - —-:E \3
EoJRTEIIE %
2 80 A\ 6
Nf- \{L\?D\Ka
E‘ 60r 2\ -
o N\E a
2 40 A N
l% / *\Et,J'IC
s 20 4 Et e
u s

O —20 40 60 80 100 2

Areal fraction of primary a ,%

Fig. 8. Relation among Ey, Ju, Jics Ko, Tyar
and areal fraction of primary a (Equiaxed a
structure). :

T 100} :

g : o L

= 90 ; 278 Ko

E

E 80

xﬂ\

E 70 14

2

- 3 "

60 i

’f. 50t 12

[y

g. 40r

m L i 21 0
3% 05 10 15

Mean free path of primary a: Am, pm

Fig. 9. Relation among E;, Ja, J1cs Koy Tmat
and mean free path of primary a (Equiaxed
« structure).

X b, Fig. 8 ik, Jo, Jic: Ko X Thar
LHHT o HIERRE ORIRICOWT LIRS Ak (E
13, T o HEERCY L Er SEOCLUCHERY R
T rabing. LieddhoT, WHENT o HEES
R LADOMHEBEMEZRT X 57t &L, @F «
PNEHORBEFER LORBEREBEEEE LERETS
ENXDEEINS.

we, EEoBseonT Ey, Jo, Jic, Kg BXO
Twat LW @ ¥ O FEEHEERE (s & o BfE
Fig. 9 @iR$. CO%BE, U5 « HERF LEELK
RINC L ) FHEEBERE (An) ZHELL.

2m= (41{0/3f) . (l_f) ( 2)

(Ro : WIFT @ DL, f: @I o« HEER (%) /100)

WThOBIMELEINT o HONEE hERE - RIF oM
BIME R R LC\ B & & diboin e _

AR L7a X 5, BREERM(EY, SZSemseib LR
FREIRZERL (0) BT % E TR TR OB A R,
L7ch3-C, Fig. 9 ORBICIRIYINT a #H O FHE HEE
BE Am 3 X OBRFRBAEZENL (00) Mk, 0c=k-Am(k:
ER) RAHBEEATEISh, BEAYE TS 3 7 ok
BAEERE (L) 1 Am THEL TWB T LR HEES NS,

3:3-2 $hIR e HHLER

Fig. 10 i By Jas Jics Kg B35 Tyt &I B B2
BELOBBRERT. B3I Ko LB SR L OMITIX
HH B2 AHBS M 23R B, A B RO KIbICE> T
Et, Ko 320" Tmar HERL, WA A BT 2HARK
HhH. R, AT =Y AEETHLRATWAS X
5 Iehl AR L X D B EA A BT S & 5 —HREY
BRI IHORRE R OTHS. LL, AR T,
Et, Kg 85X Tyar OEITEBTHHHEBEND LD
BEEes2, HBRNEID S LAIH B MEERT
LFEMRCTH D Razvw=—DREIL I DHEBEL
TwbEHELbh, HEROKREZILEHR ¢ 2r=—
DREZIENZIESHBBERIC D S Z ENDRBERNET
EBbhs. UL, ol Ey Ko B
O Tyor DA EFT B D D IR0
3.4 FEEBANEHMS OBF

Photo. 1 efREFERT LS, Sl a HEERT
ek, BEEEIE#WT 4 v AR IO TR SR
TkY, PR o ER2RTHBTRMLOH LY 7 e

gE Et Ju Jic K(IaTmat G
« L @ - = = = 4
% 160 o - — - 20
o~ ode o f:l
\E 140' o 0 o % :J‘
2 ¢ b h:K %
~120r /415
”g Jd,/"\\T"“/'/
2 100r //‘/
; e
T At S 10
£ / / =
. , / £
g 600 S a
. ¢ / * Et
s 40F ";::,,,,/,s/,//if 5
e ’ >~ ,
w / _/ -
204 ’09’:7" Jic
Ve
b3 1.0 1 7.5

Prior B grain size, mm

Fig. 10. Relation among E;, J4, Jic, K@ Tmat
and prior B grain size (Acicular a structure).

— 104 —




Block

Ti~6Al-4V & 08 E 3 7 v EBRT 639

Photo. 1. Typical fractographs of (a) :

equiaxed « structural meterial and (b) :

acicular « structural material ((b) : low

=g I0U™  magnification, (b-1), (b-2) : high magni-
= fcation).
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