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ABSTRACT

A Study on the Fatigue Crack Propagation Behavior of
T1 Welding Material

Song, Min—Ho
Advisor : Prof. Choi, Byung—Ky, Ph.D.
Mechanical & Metallurgical Education

Graduate School of Education, Chosun University

Fatigue fracture often occurs due to the fatigue crack in the machine and
weling structure; and this is the result of severe operational environment,
operational condition, and design condition caused by the large scaled and
light weighted machine and structure in recent days. Therefore, safety and
reliability should be secured to prevent the fatigue fracture of machine and
structure, and the use of titanium has been increased in the metal material
for the safety and reliability.

The purpose of this thesis was to investigate the welding characteristics
and the fatigue crack propagation behavior of titanium, commonly using power
station, aircraft and ship. The experimented material was TIG welded in order
to look over the characteristics according to the notch position and compare

with other materials.
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We compared and reviewed th fatigue crack propagation behavior of
nonwelded base metal and welded specimens having different notch
position to evaluate the fatigue crack propagation behavior by welding
condition.

From these test, we reached conclusion as followings ;

1. 4 pass specimen has the highest hardness value and 5 pass and 7
pass specimens were the next in order. Also, the hardness distribution
was very high in HAZ part rather than the welding zone, and it refers

that this causes the decrease of fatigue life in welding part.

2. At the same welding condition, 4 pass specimen which had the
smallest number of welding pass had the highest tensile strength with
51kgf/mi and the tensile strength of 4 pass specimen was 10% higher
than the one of 7 pass specimen, and its elongation reduced about
30%.

- 3. The initial fatigue crack propagation rate is slower in this order,
boundary zone < welding zone < HAZ < base metal. Especially
boundary zone's growth speed is slower about 30 times than base

metal's.

4. The cross section of fatigue did show brittle striation in overall; and,
it is considered that the brittleness progresses along with the plane
of cleavage, and the plastic deformation occurs as the stress gets
increased. Therefore, it is thought that the crack bluntly occurred and

its process stopped.
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Mode 1

Mode 1I

Mode III

Fig. 2—4 Basic modes of crack surface displacement
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Fig. 2—5 Schematic illustration of elastic—stress—field near
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the crack tip



Fig. 2—6 Schematic illustration of three regions of fatigue crack growth

rate versus stress intensity factor range
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Table 3—1 Chemical compositions of ASTM B265 grade 2 high—pure

titanium
(Wt.%)
N C H Fe O Ti
0.006 0.002 0.002 0.03 0.144 BAL

T AFAIRLS KS B 0801 wat At om, FEAES Micro—
Vickers ZEAE AHgst] AX A1 EWS Avpx] #2,0009 A=
(cpl,000) & AH&3st] Awtelginh. 28] AstdFrvh(AlOs, 0.3 E &

3 AEeg e, 35 500g, Test—time 25secd A|FZACZ 303 =43+
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3-29] Ve,

Table 3—2 Mechanical properties of ASTM B265 grade 2 high—pure

titanium
Yield Stress Tensile Elongation Young's Hardness
(Kef/arf) Stress (%) Modulus (Hv)
(Kef/mr) 0 (Kef/mr)
40 49 28 10,850 119
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< ez itk

A zA

oNi

il



6°L Rl 0€l L
6L Sy1 0g1 9
) 91 Syl G @@
6L S¥T | OET | ¥ (K ssed | €V
6'L SRl 0cl € %@
0L 91 Gv1 ¢
G¢ G¢ 0¢ ¢1T | . 09 01 |G9¢~€ ¥ ar ovt 1
¢'g Syl 0g1 g
6L q1 ov1 14 @
gs | ¢%T | 081 | € (K ssed G| gV
6°L 91 Gyl (4 @
g¢ Ge 02 ¢'11 | . 09 01T |SE~€ ¥ G1 ovI1 1
G'q Gyl 0eT ¥ E
62 91 S¥T | ¢ g ssed 3| 1y
g's SR Al o€l 4 %
14 14 0% g11 | .09 | 01 [9€~€E ¥ 61 ov1 T 6
Yoeq | P0ys | yoJoy | (Wuh) | () | (WW) | (W) | (Ui/W)) - (A) (V) odA) ‘ON
yipim | o[8ue | ooeyg | den | peedg |eSejjop|juesiny |ssed| jurof jo adeys Swprom oreld
(uui/ 7 ) SeH PRIYS | peog |o0A004r)| 100y | 100y | Suipiom | 2Iv | SUIPIOM Surprem.

ssed SUIP[9M JO SUOHIPUOD BUIPEM £—€ OIqRL




o

L

tof 7}

<]

He ArEA] #2,0009

AbsterSu U (Al,O3, 0.3m) 2 23
gfojo] AH e 2

o Abgd Q% A

= 4Ad

A32-E (¢cpl,000) S AF&-51]

3t & T/ 12mm7} &

g3 — 1

sk,

[€)

B
o

B

)

}-

6126

A

|/('R50

-1

50
Fig. 3—1 Geometry of tensile test specimens




&5 HEHES TIG £438:0 A48 £3%8 2A9)
AWS ER Ti—1°8 AMg-3t2H, Table 3—4% TIGE &
gstg 8 vehix ol

Table 3—4 Chemical compositions of welded wire

(Wt. %)
N C H Fe 0 Ti
0.012 0.03 0.005 0.10 0.10 BAL
3 A9 AR FHd WA, o8, F8, J|F T BEE0] ¥AH
Row Hebr 830 4TS /AA HER SHs] Ao AE AAE
A hEsta, AR 2 FhE AFH FHol Hold olElE AR

A AAT T $FsA
2 Ao $A AMEE AY JtaAE 42E AMgEon, &9 12.5K,
300A%1 ASTRO—ARC CO.°lA A|&& dAHE o] ¢ A5 HAF TIG €4
71& AH&sHith
by SAFEe] §3%, 49F5) IRANAE SAsA APsta, z
AFHL SR xPo wet AASen, 359 FULE7F 200C o]8H7t
2 gq7tx] A F 02 dx £3E Atk 1A AYE EX &S A
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Fig. 3—2 Standard compact—tension(CT) specimen for fatigue testing
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2 Aol ARSE A1871719 Alde B 2

1) %5 A& 7] (Universal testing machine)
« »d / 2% : UH-F50A / 50 ton
» A2+ : SHIMADZU, Japan

2) vfo]laE B]AA AEA (Micro—Vickers hardness tester)
- 29 : HM-122
« A& : AKASHI, Japan

3) A7 AR 9 2ZA 87 (SHIMADZU SERVOPULSER)
o dl / &2 : EHF—ED10—-40L / =10 ton
o A& : SHIMADZU, Japan

4) FA} AA@" 72 (Scanning electron microscope)
« 29 / A : JSM 840A / W& (x) : 10 ~ 30,000
« A2 : JEOL, Japan

5) B8] 7 (Optical microscope)
« 29 / 57 : BHC-U / #]&(X) : 50 ~ 2,000
« A& : Olympus, Japan

6) <€w=}7] (Polisher)
- 29 : C—-POS.2
o« AZ : (F) ALH8, Korea

7) TIG €47 (TIG Welding Machine)
« =8 : 12.5kW, 300A
« A& : ASTRO—ARC Co., USA
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RS skEAlole] g3 AAAFE AFREen, B A@7]= Servo
Valve 76—005% AM&3t3ith. =¥ e WHAE 1~20Hz FolA 20HzE
Agste] AR

2 AN E 3 dr2ad JAAT 548 nZsr] fsk A7
AFAES At ARSI, fH3A @2 B HE
FAF] =X E 71E APHE WMZ(Weld Metal Zone), #EF(FFFE
BEl 3m)o] =XE 7}E5 A¥HLS Bond Zone, EATFR(LZARZHE 7
m) o] =XE 7}2e AYHE HAZ(Heated Affected Zone), = =J (&
ZARZHE 11lm)d =XZ 7128 AEBL TAZ(Temperature Affected
Zone) 21 A3
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vepd 3 ik
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Table 3—5 Specimen specifications of crack growth rate test

Specimen Type |Front Face| 7 | Tensile Test Temperature | 25
Width (mm) 50 8 Yield Stress (kgf/mr) 40
Thickness (mm) 10 9 | Tensile Stress (kgf/mr) 50
ggtig?(lfni 0 |10 Machined Notch Length(un) | 25
Mo dzﬁl“sn(ii /| 10,850 | 11| Displacement(TD3~8) | Strain
Poisson's Ratio 0.3
Table 3—6 Test conditions of crack growth rate test
Test Mode |Load Constant| 5 |Initial Crack Length(mm) | 25
Load Max (kef) 400 6 | Final Crack Length(mm) | 49
Load Ratio 0.1 7 Maximum Cycle 1E+07
Frequency (Hz) 20 8 | Data Input Interval(mm) | 0.2




A4 A9 43 9 1
4.1 71AF AR A= %

2 d7edMe < Hebgd 840 wE A" dAE Brksh] fAste
434029 pass Foll W} 4 pass, 5 pass U 7 pass® EF3to] 247 Al
A2 ¥ A3 ol2t Fat] AFES BRI

HA, BEARLS &4 ARy 34 7t U= & 7z FH W
MZ, Bond Zone, HAZ, TAZ)E Micro—vickers 3 EAZ FA ot

AEEHE A1¥HES] ZAHE P9 Avtgk ¥, 5% 500g, Test—time 25sec
o NgxACR FEAA 2mm HFoE FHFHNoH, U HALHS
AL SRS 242 e

Fig. 4—1% £3 pass o W& A AEEEE Uehd Z2og2A 7
EEXE Al A¥Ho] JHF BA dEReH, A i
vebgth g, $EAREYG 9T =XE VP AIEE =, HAZAA
BEREL O A4 VYegEd ol¢ & & FEH

e
olt

i)
o, T
1o

1o
o
b
24
9
i
0,
_O'L
&



250
240
230
220
210
200
190

180

Micro-vickers hardness (Hv)

170

Fig. 4—1 Hardness distribution in welding according to

— A1
—a— A2
el AT

i 1 i 1 i 1 1 i i

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Distance from specimen center (mm)

welding pass condition




AFAANEL &3 AdAL Hr] 43 3o
UNe) gJate] 7lFsgon, 4 olRE B
7}k

4-2F AFAE ARE Ve ZoR2A, ZE AFERIMY FEe &
FE&o ] HASAT 83 pass ol WE SR T AFAE 4
ass 71 A& Al AlgHo] AANEL 25% BER 7PF WA YE
Y ol QAREE 51 kgf/moZ 7 A Jebgth =3 A2 AdAI
A3 N8R ANEL 77 30%~32% AEE HLsHA Jveltod, a3
S 94 48 kgf/mt AEE A A YElTh

LI
ofo

i)

o)



80 b @
@ A T Y
= 45
o
Q- b
© wl —@- Tensile strength(kgfimm®)
o - & Elongation(%)
U
O 35 e
% -
5 ¥ el i
@ b M~~"'/ -
S x5l A
i ] ] ] i
Al A2 Ad
Welding plate no.
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Fig. 4—3 Relation between crack behavior rate and crack length for

base metal and WMZ
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(b) HAZ

(c) Welding Zone

Photo. 4—1 Micro—structure of ASTM B265 grade 2(X500)



(c) HAZ (x200) (d) Welding Zone (x200)

Photo. 4—2 SEM fractographies of ASTM B265 grade 2
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