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High Cycle Fatigue and Very High Cycle Fatigue of Orthorhombic (O + o)-Type Ti-27.5Nb-13Al Alloy with and

without B and Fatigue Striation Analysis in Comparison with (o 4+ p)-Type Titanium Alloys
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The lightweight and high strength Ti-27.5A1-13Nb intermetallic alloy, based on the orthorhombic Ti,AINb phase (O phase) and the o,
phase incorporated, was previously developed by the authors. This alloy would seem to have good potential for applications where fatigue
behavior is a main concern, such as automobile and aircraft engine parts. The minor addition of boron (B) is known to refine the ingot grain size
and thus to improve the subsequent mechanical properties. For these reasons, the high cycle fatigue (HCF) and very high cycle fatigue (VHCF)
properties of B-free and 0.1 pct B-modified Ti-27.5A1-13Nb alloy were examined in the present study. HCF tests were performed at room
temperature (RT) in tension-tension mode at an R of 0.1 and a frequency of 10Hz, while VHCF tests were performed using an ultrasonic
resonance fatigue test machine at an R of —1 and a frequency of 20 kHz. In both fatigue tests, hourglass-shaped specimens were used. With the
addition of 0.1 pct B, the prior B2 grain size of an ingot was reduced drastically, from 600-1000 um for the B-free alloy to 100-250 um. The
0.1 pct B-modified Ti-27.5A1-13Nb alloy with a duplex microstructure consisting of a globular o, phase and a lamellar microstructure exhibited
superior elongation of 6.1 pct at RT. The HCF curve for this alloy with a duplex microstructure was almost the same as that for a Ti-6A1-4V
alloy with a fully lamellar microstructure. Although prolonged fatigue life was previously reported in the HCF region in the 0.1 pct B-modified
Ti-6Al-4V alloy, the addition of 0.1 pct B to the Ti-27.5Al-13Nb, Ti-6Al-4V and Ti-4Al-2.5V-1.5Fe alloys had no such effect in the VHCF
region. VHCF strength for a lamellar microstructure was ranked in the order of Ti-4Al-2.5V-1.5Fe, Ti-6Al-4V and Ti-27.5A1-13Nb from the
highest. Well-defined striations were observed at the propagation stage area of the fatigue fracture surface of B-free Ti-27.5A1-13Nb, and the
measured striation spacing kept a constant of 0.29 um through the propagation distance of 300 um. The calculation based on this observation
showed that the fatigue life spent in the propagation stage was very short and thus almost 100 pct of HCF life was thought to be spent in the
fatigue initiation stage. For the B-free Ti-6Al-4V alloy with an equiaxed microstructure, the striation spacing increased from 0.06 um to 4 pm
as the fatigue crack propagated for a distance of 1000 um. Calculation based on the striation spacing revealed that, similar to the case with the
Ti-27.5A1-13Nb alloy, the fatigue initiation stage consumed almost 100 pct of fatigue life regardless of the B addition.
[doi:10.2320/jinstmet.JC202406]
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F 5 ROGRELEWHTDH % TLAIND fHE FHE T 5
HHEEIIH LA TOREREMEE L CERBSNTEZ
[1]. TiL,AINb fi, BB ZESSARORKMETZHL, O
#H (Orthorhombic phase) & b M, Ti,AINb Ml Z T & 35
BT OMEFEL OMFENL[1, 2] T OoMMEEEEE
b3 5720020, T, R L) R ksEs 2 e
PVERYRTHY, AT OB OHEAEE LT,
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FinAHTdH 5 B2 M (CsCl A &) 2 Ot ICHlAANTI L
5 O YA 0 8 & A7z Ti-22A1-27Nb G EF BT 5N 5
[3-7]. L22LanoARE4E, 1)EfiZz#iVIic#o Nb 2K
WICE T, 2)923K ML Lo REiR TREAIRIG ) & 53R EE AT KR
WIKT T 508, 9], EDRMEFED.

FZHELIE, NbEAREWS L, 2D Ti-22A1-27Nb &40
PR ECH Ly OMEGEORIEL T T & 72[10-
15, SNET, NbEZHESL, FeD LX) RIEF S ALH
2 L7z O #1344 Ti-22A1-11Nb-2Mo-1Fe & & D B8
B LT [14, 15]. 2 O&41E Ti-22A1-27Nb & &% O
Nb ®—ifi% Mo, W, V, Fe %z &® pMZLEILICHE THEIRT
BIEICEVHELZDOTHY, EMO OME B2 HTHE
HENS.
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ZOO+B)MOMEEED 7 ) — THEIE, LD Ti-
22A1-27Nb A4 & D b KIEZ B L7245, M LBGRE
1023K T& Y [10, 11, 15], & T O y-TiAl €)% H AL
EMEEOZFN 123K 161ICIZES h ol LdoT
OMIEEAETIE, BiREME X~ L3200
WELILETHB.

Ti-Al-Nb % 3 JGRIREKIZ B W T, (0 + ap) O HHFHIE AT
GAET D, o HOBRBZIEB2MELY 3ERL T B[17].
L7255 T OMIC ap HZHMAANT: O HIEEGEFAHTH
&, 1023 K BLE CTRESFESERTH LS. 2o X9 ZEN
A5 EF I LTI (O + ap) B Ti-27.5A1-13Nb A4 2 H L <
REFL 72171,

AR (0 + ap) B Ti-27.5A1-13Nb A EDKIED 1 21, Hifk T
FIRIEMEDFERICZ LW & TH Y, FFICZ OMMEMA 7
JVF A F (Full lamellar) R TH 2L HEICZENDBHETDH 5
[17]). L7295 TEBEUMEOM S, S, EM:2 LS
27:0DFEEH L LVLEND L. R OB LI 2
YRGS DA HEE LTSN TWwB6]. kL % it
T57200—Fe LT, FEHIEA Ti-27.5A1-13Nb A4x1C
WEoOFRa Y (RvHE, B)ERMT LI L E2kAR18] 2
i, BEREAE TR S N7z TiB 25 kR E B EY & L
THEHT 270 TH 519, FEE0.1%D B % ZOHEEITHR
ML72&2h, ST IMOEPRY A XIEBERNO
1200 um %* & 200 um WAL L72[18]. MM E S5 3
A1 ODOHDTEE LT, ZOEEOHBAMIELZ T2
12L& ) Duplex Ml T 2 HEPETFONL. oM LHEM
HUIEAMIIZ T FEEE ERO (B2 + ap) ZHIK CTRIRZE ]
B, KIZH U (B2 + ap) ZHIR OB E T — @R R L,
BRI D (O + o) ZAHIK TR BT A FET D DT H
5. ZORBABMBIZLD B2 HIZ(0+ o) T £ TR
L2017, 18] ZORHE, HR o ME(O+a) T £ 5H
2> 5 7 % Duplex RS S NS, KWFFETIEZID LD
7 B IINE I T ELEIC X 2 SR o AL o 3 % Bl & 12,
FEFEEICEHT A2 LI2XD, Ti-27.5A1-13Nb A& D%
TIEPEASKIEICH E L7z, BIziE, 92 SHikZEAHT 5 B i
WIME A DOMT 0.1% 1 Duplex FAAKICH R T H I LITLD,
4.3% 2 L7z,

7)) =7 3EiHETEELFETH L. FHELIIEO
W72 C, Ti-27.5A1-13Nb & &84 2 MMk ZE D L
ML 1023 K, M7 250 MPa D 54T T2 V) — 74 % &1l
L, IhHRL MM 2 ) — 7ERBEEICOWCkm
L7-[18].

TitHkEHE, #—E T VL—F, =¥ rFT4 A7, A7)
YA NV EOHBERLMEROIMICHH IS Z &R
L. T2 TIRIFEITNSWER LIS ICER L, Wi
FERIEHE Y A 7 V99 (VHCF) SIS R R, 2h b Ol &
TIWETF L) —THRDEEGFEEEZEZ LT LN TE
5. y-TIAl &L EWAE ST, SO oMl T s HE
BEBEMEEICETONG D, RESFFEERTIHEFICEL, H
MR T 2 EBRMEA2d ), HEIERESNS.

Ti-27.5A1-13Nb & &3 T R EWMEE %2 L, MRME
BFEWw. 200, ZoaakEY A 2 vES (HCF) &

£ 5 (2024)

% 88 &

VHCE 8 £ 2 BE&HIETH 5 HEY R A2 03 IS =
NAZWREMEAH B, LA o TIOEEDMHMHIETLL, K
BEOWEHREZ TICHBLTBILBEETHS.

ZFZTARMZETIX, 9, 5 4 T H##E T 7213 Duplex MLk
A9 5 BRI Ti-27.5A1-13Nb A 4@ HCF $1 % 584l L
7. WIS, IATHEBEAT A BERMEGEB LV 0.1%B
WG4 VHCE JstE 2 G-I L7z, F7- 2o okt 28
DO TH LNz (a+p) B Ti-6A1-4V A4 B X U Ti-4.5A1-
2.5V-1.5Fe &4 O F74FME20] & ARTFZE TR 5 1L 5 9% 57 551
L 7.

Ti-27.5A1-13Nb & 4 HCF iBR1% 1, 98 57 8 I 10 % 8152
L7222 h, FEHEIEHEBIIIWELRZA NS A -2 3 VA
FIEL Tz, ORI, DAHCHES S 2T R %
1T - 72 B R Ti-6A1-4V & 0.1%B 701 Ti-6A1-4V[201122
W H IETIRTH 2 SO TBIS Lo e 25, (RIXFIRIC T
MDA IA =2 a YPRBEEINTWSE I L E2ERL 7.
ZTTARIFETIEING 2 2OEEE LI, SEMBHETO
APIA L= a VHBOBRRLA I - 3 YOHD
hr v bR L, BRI 7. TN OBISHER
Mo, EEFFGOFTEIFOBEEE TR SNLEHF
WL BB TR INLZNNED L8 E % ME L 2.

2. £ B H &

O— )V K7V — ¥ T IVEMEIZ XD Ti-27.5A1-13Nb & 4,
Ti-6A1-4V &4, B X U Ti-4.5A1-2.5V-1.5Fe & 4 O MR
WA (FEWHWE - T THER L. FlloEES &
CESIE, #hZ2n 70mm, E=IE 1.3kg THo 72 Ti-
4.5A1-2.5V-1.5Fe i ATI2SHZE L7z (a+ B TIi 6ETH Y
FERE PO BSEN T, 2OoWEIINLIEES L) R E #E
D ZDOBRNT AL 1238K TH 5.

B i & B #ERIIO Ti-27.5A1-13Nb & &8 %, 4k
R 2 T 72D I H AR IRIC B BE L, RIS O
M % (o + B2) ZAHI O 1373 K TR O — VL 2 4T\,
11.8mm O MEIA LT, 5 2 SHERER L7201, 2
FIE T — VML L 72 4% B2 HAHAHIE O 1473K T 3.6ks
FIPREEL, TR 72 0.03K/s D HIHE T 600K F
TWHI L7z, Duplex M#k % 14 5 720, ZRHBE L, MW
O— VERE L 724 % (0 + B2) 3 1373K T 3.6ks I3 L
0.03K/s DHHEE THIMLE THA L2, RBEICINS D
He#® (O +a) “HIH OB X # 1223K T 118.8ks DRIEFEL,
Mk EAL 2 T o 72, WM TH B Ti-6A1-4V &4 0 Sl
fhE T A TR0 0BLAIE N OSCHRICRE L TH
%[20, 21]. Ti-4.5A1-2.5V-15Fe & T3 7 A S Hlikz 155
7oIT, BN T — VERE A i L 72 MR A B HAHI O 1273K
T 3.6ks ML, RWT0.03K/s DEHHETHEE L, &
12 973K T 3.8ks DML EIL % 1T - 72.

7 A FHM#kF 721% Duplex Mk % A 5 5 B MR M Ti-
27.5A1-13Nb &4 HCF ¥R E ¥ — KRB E 2 v C
MEFEIC XY, FlEE-FIEEE— FoO R RIS &S
JD)0.1, JEPEE 10Hz O 5 TllE Lz BRI E
0.1% B %M @ Ti-27.5A1-13Nb & 4, Ti-6Al-4V & 45, Ti-
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4.5A1-2.5V-1.5Fe &4 ® VHCF k1L, @BHFEOLKIRITLD
By % F6 L S 2 W& WK 7 W BREEE & v TR A
E—FOR -1 CTHll®E L7. HCF ik & VHCF i Tl
F—YRE185mm, 7 — YVHEE3Imm, HK/AEE3.0mm O
WHFIR R 2 Wi, ZoRBFEZIRICX D, VHCF
5%C 20kHz O LR W % 4 L 72[20].

ARWFETHIY B D FEOFRMEE L, HE3Smm, &
16mm OFHFIRRBA 2 HWT, FETOTAHME 3x
10s™ s~ TRMI L 72, MOBLALHK 1265 B (OM) B X OV
ARV - BAMEE (SEM) & W CHBIZ L 7-.

3. MR EEE
3.1 fHERARRE

0.1% D BHRMIC LY, FH&EIREOIH B2 #MAEFIX, B &
WINA 4 600-1200 um 2> & 100-250 pm 2 B 12 KA L 72
(18, 20]

Fig. 1 &, JEEFFICFATREO B MAHMB L 08 0.1%B
TN Ti-27.5A1-13Nb 4D T * T #i#k & Duplex #ik % R L
bOTHLH. BERMEGEZE B2 HAES SGHHLSE
BHRICL RO o IPEK SN, F721HB2RHICIE o« HO
T AT DEBRICEH L 72 7% 5 2 T MHk17, 18]AY T
SN/ (Fig. 1(a). BOTREINLD OMT uMOTXATD
MW 2 LTERLTYS. 0.1%B R4 4 (Fig. 1
(b)) T, TiB OEHEMARD S 5 2HME VR WY FPEET
MIZi > Tk A Tw7z[20-22]. Eh 2o TiB OIEIE 1-

Fig. 1

OM micrographs of (a) B-free and (b) 0.1 pct B-modified Ti-
27.5A1-13Nb alloys with lamellar microstructures, and (¢) B-free and
(d) 0.1pct B modified Ti-27.5A1-13Nb with duplex microstructures.
The arrows in (b) and (d) indicate TiB, and those in (¢) indicate the o
phases forming a necklace-like arrangement. (e) is the high
magnification SEM micrograph of TiB in (b).

2um TH Y, RSN TIHEOT7T A7 IR 10 TH -
72[18]. THRHD TB BFHIRIZHA LT B I LIk, &
478 B2 HAII TR ST W A [, B2 & ko R 13 Bl
E3h, B2 RAEEIZKRIEICHEA Lz, 2o B2 Ko izt
W, 01%D BIRIMIZE D, I 0=—% A X2 500 um 75
F70um WA L7z, LR TENREND u HHDOT 2 5
WERIEICHL 2D, —HEDMRILILD 72,

W — VEIE L 72 B RN A 4 & (B2 + o) A FHIR D
1373K T 3.6ks IR L, Z D% 1223K T 118.8ks DAL &
LB AT &, FRR o HEMM A T X TSP S % 5
Duplex MAE A% 5 M7z (Fig. 1(c)). 72721, ERIR ap HHI1ZH
— AT, Fig. 1(c) DKHITRTEBY, o HISEL S
NS> Th Y 7 L AR5 E LTSI LT 72, Emura 5
I2& % (0+B2) R O MISEA&4EICET A20F2E[18, 2312 BV T,
OOy 7 LV AROFEOEEIL, FE L7 &R
FENb BTV B I A MEHIC L DS ICARY —554 5 2
LIEKHT A ELTWS, 0.1%B mMAEETIHITIZEBICS
BOEKK o, P ENT WD, L7235 T OERIR ap #
WKHENAT 2 THBOBEBIZEF RO ONDL D, HDHW
AW L T 7z (Fig. 1(d). MikEZEFEERBIZET S
L, FNZFNO TiB HERIK o, ICHDAFTN TS Z LR
bh o7z (Fig. 1(e). THE, TiB 23ERIK ap HIFEK DOFEE K
FAFPELTHEHLTWEZEZRIBELTWS., LzA5T
B #ERINEG & IZHART BIlMEE TIEIAERT A OB
MU7272912, 1 ZIEEBICH 72 TERIK ap BB L 72 &
EZZbhb.

B ERIN Ti-6A1-4V &4 TlE, WA~y ¥ 7% a S
HAEL, TN atlS 25 & pHIDFRICEAZ D
SR EF Ty MAFIET B &) AN T X TR
PR ENTWBH[20]. 0.1%B ZHRIMLAEETIE, pRH.O
R TiB OFIRO I L Y E SN0, T X THlk
ORI, — R, SWHEko k) THo7. BERME
0.1%B WD Ti-6A1-4V A 4138 8um @ a K% H$ %Ik
FAZ X B S A 2 LT \wz[20]. Ti-27.5A1-13Nb B
L U Ti-6A1-4V &4 & AERIZ, 0.1%B #RINO Ti-4.5A1-2.5V-
1.5Fe & TIEME LR T X FHMPTER SN, COEED B
B, Ti-6A1-4V O X 9 o (o + p) BG4 I2 T
EWizo, BERMEELE 0.1%B BINEEDOWHIZB VT,
Widmanstitten 35 (2R 2Bl 72 7 X T HARAE S N7z,

3.2 BIREFM4E

7 A F ik F 72 1% Duplex Mk % A3 5 Ti-27.5A1-13Nb &
EORMTOFRFNET — % % Table 1 128 F. T 4 5 #kk
2RO B EBRMAE EOEMNIZIERIT/NE L, 01%TH -
7z, 2L, B2 HAHREE TORKEASIH B2 KfEE K& L
Tl EEZOND. 0.1%B ORMICE W REZNSLT S
Z LT, AFERMOMEIX 0.1% 55 0.8% ML, FlkMES
1% 404 MPa 2> & 581 MPa ([Z¥{M L7z, LA L 0.8% D ff OVl
&, REEMRLE L TEFMEICKIT S, Duplex flfkx oA 4
T, BIRMOY &, TIRMO 4.3%, F10kHE X 668 MPa
THo7eH, 0.1%B OFEIMIEY, FNEN6.1%, 726 MPa
I L 72, Table 1 29R$ & B0, YL 5EMR S 120



360 H A& & B % & 55(2024)

5 01%BRIMD 75 A% H%, Ti-6A1-4V & 4,
2.5V-1.5Fe &I BWTHFRIBEICH S 7z,

Ti-4.5A1-

3.3 HCF #

7 A J ##k F 7213 Duplex #ifk % #> B LR Ti-27.5A1-
13Nb 54 ® HCF [T, 4 bHRAIEN ome LW E TO
MELEBOMRE Fig. 2 l2RT. ZORPLWAS2R LD
12, 7 A FHEED S Duplex fMARICHET L2 LT, 10744
I NVETOLEY A 7 VHIIZ b 72 o T HCF 58 K 13 K 0E 12 1)
LL7 F7, ZomMBMBoREICED, 10794 7 i
B1F % HCF 51X 400MPa %5 550MPa IZn] L L7z Ti &
SOHCFHiEZ M ESE2 ERERNE LT, FIHRBEOMN
b EARRBR O BAIE DY S T Ww B[7, 21, 24-26]. Bk
O ORGP LNICT 2720121, s 2 00
AR DT HRIREE F 7213 02% RIS 2 MBLEIH D, L
L, Table 1 IZ/RT XA, ZTDOEEIE0.2% KRS THEIZ
FETHEICHE L T 5. ZNHICEOMEEM S 2D ET
RS % LB B, (B2 + 0) B! Ti-22A1-11Nb-2Mo-1Fe &
EOMME-FFERRICHET 2FES ORI O[4I X %
&, Duplex ML T 2 FHMK I D D &V 0.2% BERIE ) &R
T, ZTDEIF64MPa ThH o7z, ZOMIIEDIRHEEEZ
SN, FIRBE O i HCFRE O LIcZ iz E k&<
FHLhwekAeEs, L7 > 7T, Duplex MlikZFHoZ 0
Ha 0N 7z HCF M F R O MAILIOER T 2 L 2 5
na5.

Fig. 2 1%, Ti-27.5A1-13Nb 1742 & Ti-6Al-4V {5 4:® HCF il
M ZK L3O TH S, Ti6Al4V EEDT—51%, &
] & 6] U Bt GRERF 4 X AR RN, 2%
AW THEFEIARF L 72T =5 [201TH L. ThbbETT—
FICHBETLZMOERIIEFEL L, 2 200680 RE T L E
BTN TESL, ZORKIY, ABZED Ti-
27.5A1-13Nb & & DK 7% HCF 28k, Ti-6Al-4V G4k

Table 1 Tensile properties at room temperature of B-free and 0.1 pct
B-modified Ti-27.5A1-13Nb alloys with either a lamellar or duplex
microstructure together with those of Ti-6A1-4V and Ti-4.5A1-2.5V-
1.5Fe.

Allovs Micro- TS T. EL
y structure MPa pct
Lamellar 404 0.1
Ti-27.5A1-13Nb
Duplex 668 43
Lamellar 581 0.8
Ti-27.5A1-13Nb-0.1B
Duplex 726 6.1
Lamellar 862 8
Ti-6A1-4V
Equiaxed 915 16
) Lamellar 860 16
Ti-6A1-4V-0.1B
Equiaxed 949 16
Ti-4.5A1-2.5V-1.5Fe Lamellar 752 10
Ti-4.5A1-2.5V-1.5Fe-0.1B | Lamellar 786 12

TS: Tensile strength, T. EL: Total elongation

% 88 &

B LTHEBICH>TWDL I ENbh s, SEMLawiE—
BT RO FEBIARS N, REWICEEREILE V20, 2
NS Ti-27.5A1-13Nb HE O ITTBENH LML LTEZS
n%. L»L%A5 Duplex #lilk % ¥ > B i Ti-27.5A1-
13Nb @ HCF i E1%, T X T Mk % FD Ti-6AI-4V D ZF I &
FULNIVIZEL TV,

34 FTAZHEERT S BESNS LU B AN Ti-27.5A1-
13Nb &4 VHCF 454

B A 7 VIESPREICIA T, I A SR AT S B IR
B & OB %M Ti-27.5A1-13Nb A 4 VHCF 45122\ T
b AHM L7z (Fig. 3). SORIZRT EBY, madid 1004
A 7 VoA TRH UEFHELRL, 0.1%B OEINE VACF
BEPEELZ RIZL TRV EDDbA 5. #200MPa LT
DIBTIRIFETIE, WAEEED 10094 7 v %22 TH R
ThHo7.

Fig. 4 12, 7 X 7Hl#&% 4§ % Ti-27.5A1-13Nb £ 4 D fiL Al
M 7% VHCF i B 1Hi © SEM G H % ;R 9. I IR IE o, =
225MPa, R LE Ny =2.716 x 10° THEWT L 72 B IR 0N4 4
(Fig. 3 ® A) ORI IEFICHWHEEREEZ RLTWwWA T L
Wbhhb. —J, o,=200MPa, Ny=2.734x 10% THEWF L 7=
Fig. 3 ® B ® 0.1%B WM& & TIX, JEH I 2 0 A3l g2
ah7-.

850
& 800
= 750 :
g700 -
© 650 »
(2]
@ 600
= E
» 550 }*
= @Ti-6Al-4V Equiaxed ~o.
S 500 1 A Ti-6AI-4V-0.1B Equiaxed @
e @Ti-6Al-4V Lamellar N |
2 450 ! : B 250N
400 | ®Ti-27.5A1-13Nb Duplex
= 250 ®Ti-27.5A1-13Nb Lamellar »
5
104 108 108 107

Number of cycles to failure, N;

Fig. 2 HCF curves for B-free Ti-27.5A1-13Nb alloy with either a
lamellar or duplex microstructure. HCF curves for Ti-6Al1-4V [20] are
included for comparison.
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[ [TTH [T T T T T I T
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Number of cycles to failure, N;
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Stress amplitude, o, / MPa

[$)]
o o

Fig. 3 VHCF curves of B-free and 0.1 pct B-modified Ti-27.5Al-
13Nb alloys with lamellar microstructures.
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Wio0, HHELOBEOMETHE LN T X F#EkE
Fo B MR B X U 0.1%B W Ti-6A1-4V A4 VHCF (il
w20]E, ARWFZETHEOSNLT A THM#EE F2 B #RINB X
O 0.1% B ¥R Il Ti-4.5A1-2.5V-1.5Fe & 4 ® VHCF Hh # %
Fig. 5 1278 §. Ti-27.5A1-13Nb & 4 O 9 57 i #t & [ %12
0.1%B RmIMEAL BERMEG4D VHCF 7— 7 id2h Th
DEFIZBVWTBAEWICIELZD, TNZNH 300MPa &

Fig. 4 SEM micrographs of the typical VHCF fracture surfaces
of Ti-27.5A1-13Nb alloys with lamellar microstructures. (a) B-free
alloy (marked A in Fig. 3), (b) 0.1 pct B-modified alloy (marked B in
Fig. 3).

(a) 600 0000 1 01
& 550 Ti-6Al-4V-(0B, 0.1B)
S Lamellar microstructure
= 500 T Uitrasonic, = 20 kHz
o 450
kel
2 400 e
E- 350 ‘
5 R =
e 300 S 5
5 H0.1B
» 250 | ¢ 0B k-}
200 [ T TTTITT
104 105 108 107 108 10° 1010
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(b) 600 I I I
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Fig. 5 (a) VHCF curves of B-free and 0.1 pct B-modified Ti-6Al-

4V alloys with lamellar microstructures [20]. (b) VHCF curves of
B-free and 0.1 pct B-modified Ti-4Al-2.5V-1.5Fe alloys with lamellar
microstructures.
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Fatigue crack
initiation site

Fig. 6 SEM micrograph of the fatigue fracture surface of the B-free
Ti-27.5A1-13Nb alloy with a duplex microstructure (marked A in
Fig. 2, maximum stress, Gy, = 575 MPa; number of cycles to failure,
N;=4.009 x 10° cycles).

2% % (2024) % 88 &

Fig. 7 Higher magnification SEM micrographs of the B-free Ti-
27.5A1-13Nb alloy with a duplex microstructure at positions (a)
marked A, and (b) marked E in Fig. 6.

Fig. 8 Higher magnification SEM micrographs of the fatigue
fracture surfaces of the B-free Ti-27.5A1-13Nb alloy with a duplex
microstructure at positions (a) marked B, (b) marked C, and marked D
in Fig. 6.



12 TBIRHIB L OB RO T (O + wp) B Ti-27.5Nb-13A1 S EDEH A 7 VIS - BEF A 2 VEFBLOWEHA N4 T— a VIR

VHERTE D, TNHLOAMIA T =Y a YOREIE, W
EROEEIZE, RAWEND I &3 R,

Fig. 9 1%, SFfhMlAk % A 3 2 B MBI Ti-6A1-4V & &
(Fig. 2 ® B %t L7k O M OMBISETH ), HEbrm
ﬁfﬁ%z’ﬁ‘%tﬁé 3OO, Thbb, S & HIAEE, K

S G, ARSI R E N T WA

Flg. 9DHEHIZBWTA, B, Cktid Lf:&ﬁ@.ﬂ%%
SEM G.H. % Fig. 10 IZ/" 7. S REEFIIBVTHEH A T
FGAT—YarPRosbns, Lo L Ti-27.5A1-13Nb &40
WAk f e, 9SS 2SS AT S OBiEEAE < A 512
ONT, HET L2200 I A4 - 3 ORI Fig. 10
(a) (Fig. 9 T A &R L7 fiiE) B X U Fig. 10(b) (Fig. 9 T B
LRL72MEE) TR L& SIS L 7. Fig. 10(c) (Fig. 9 T
C LRl L7oAriE) 12, &2z e S nEHE (2 05 H
O LE) OBEFAR LI BT MR RS, Ti-27.5A1-13Nb
EEOYELITELRY, Ti-6AI4V EE&EPEEEHFT LI L
DFERELTT 4 v TV SNz, & 2L
& BRI O B FURE BB KT A 5 1250 um @ FREAE S
HY, TNIXTi-27.5A1-13Nb FE&DIZIE2ETH L. Z0E
WRIZHEEE L, Ti-27.5A1-13Nb & 4512 LT Ti-6A1-4V &4
OISR BN EEZRLZDOTH S, & 234
W& & ZUREEIB OB o R K T A 6@&&%’& X, BiE
WINESE 01%BRIMAEOMFIZBWTIZIZFR LT,
200um TH > 7.

Fig. 11 £ 0.1%B Z #:) L 72 Ti-6A1-4V £ 4 0 9§ 57 % 1 O
MBEETH D, BEBIMEGEFig 9) X0 HEMESIR
WHIEEEZRLTWAH. Fig. 11 OfiiE A, B, C ZEfEET
BIZL7L T2, Fig. 121TRF £ 91T, WS & RIBAFED
SOEMNPEL RBICONTHEY & 01%74l VRS
DEFFIZIEAT > T Z LA L 72,

T A T HEEE AT 5 Ti-27.5A1-13Nb &4 T IEH IRV
YWEsBE s, BEHEORA NS A T -2 3 VOBK
X, SEM 12X % 10000 f5 DL Lo fEsBig chb i c& &
Nz,

Fatigue crack
initiation site

Fig. 9 SEM micrograph of the fatigue fracture surface of the B-free
Ti-6A1-4V alloy with an equiaxed microstructure (marked B in Fig. 2,
maximum Stress, Gpmax = 700 MPa; number of cycles to failure, Ny =
3.286 x 10° cycles).
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Fig. 10 Higher magnification SEM micrographs of the fatigue
fracture surfaces of the B-free Ti-6Al1-4V alloy with an equiaxed
microstructure at positions (a) marked A, (b) marked B, and (c)
marked C in Fig. 9.

 Initiation region
- (Stage 1) :

Fatigue crack
initiation site

Fig. 11 SEM micrograph of the fatigue fracture surface of the 0.1 pct
B-modified Ti-6A1-4V alloy with an equiaxed microstructure (marked
C in Fig. 2, maximum stress, 6,,x = 700 MPa; number of cycles to
failure, N¢ = 8.513 x 10° cycles).
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Fig. 12 Higher magnification SEM micrographs of the fatigue
fracture surfaces of the 0.1 pct B-modified Ti-6Al-4V alloy with an
equiaxed microstructure at positions (a) marked A, (b) marked B, and
(¢) marked C in Fig. 11.

VHEGEFMT 572012, A T4 T— a3 ORE% SEM
TBIZL, WHANIA -2 a VERIELZ.

Fig. 13 1%, Duplex Ml % #> B M0 Ti-27.5A1-13Nb &
BOA DT A= g kLR ERD> S OHEOMREY
RY. RO, ZoRNE, SRk E o B ERINB
L TV0.1%B B Ti-6A1-4V G&ICBIT 2 ZOl/KRL HO 7.

B #4N Ti-27.5A1-13Nb & & T, B XM LY
03mm DHFEERH A NF A4 T — 3 YDEKENIBED, 0
% 03mm OFEEICHzo TRIE L. 2 2 TS IE D
LM TETMELLZAMNSAT—Y 3 VORBIE—ETd
D, 029um THolz. TD72d, ZOWEEICHE SN A
FoAZ—Ya rofut, FREEHHEZENOR T A
I—YavyHBcHIETLILTHONE. COFE
(03mm # % 029um) £ Y A+ 54— 3 roEilk
1.034x 103 4o b. 1ADA NI4T =2 a s 1 O
BB LT LIRS MESNTBY[29], 2D
AMIAL—2a ORI ERRZTEBTERS SN L
B(Np) E AT EMNTEL. O HCF R O8I HE
L% (NP 13 4.009 x 106 TH o7z, L7zhto TEXLRBIZEH T
B SN 57HF ar D E A 1E, 1.034 x 10°/4.009 x 10° TFHF
HEN, 0.026%5F5N7z. & ZURTERY O RO SR EE

2% % (2024) % 88 &

4.0 e
1 / C

0.9

0.8 l

. |

€ E4" B

o 06 0.1 % B-madified

5 Ti-6Al-4

8 05 —Bree N T e

2 Ti-27.5A1-13Nb o Ti-6AI-4V

S 04 79

k| C) (x5 v3)
n

03 % H
B,E
L 2 4 (% v2)
0.2
9/@
AD
0.1 L J )

A I I
0 0.2 0.4 0.6 0.8 1 1.2 1.4

0

Distance from the specimen surface, mm

Fig. 13 Changes in the striation spacing for B-free Ti-27.5A1-13Nb
alloy with a duplex microstructure, and for the B-free and 0.1 pct B-
modified Ti-6A1-4V alloys with equiaxed microstructures.
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Table 2 Parameters in Equations ( 1 ) and (2 ) for counting the
cycles spent in each line segment of B-free Ti-6A1-4V and 0.1 pct B-
modified Ti-6Al-4V (See Fig. 13).

B-free Ti-6Al-4V
Y2 yi X2 X1 M
Segment Y2-Y1
mm mm mm | mm ZE
A-B 0.0007 | 0.00006 | 1.05 | 0.2 3263
Inys-In
Vs V2 X3 | xp | 4O
Segment Y3-y2
mm mm | mm | mm X3-X2
B-C 0.004 | 0.0007 | 1.2 | 1.05 79
0.1 pct B-modified Ti-6Al-4V
Iny»-In
V2 yi X | x| =22
Segment Y2-Yi1
mm mm | mm | mm XX
D-E 0.00066 | 0.00014 1.0 03 2172

1.20
Nﬂﬂgz‘/ {1/(2.20 X 107x + b)}dx
1

.05
=(In4.0 -1n0.7)/220x 1072 =79 (6)
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