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ABSTRACT

A Study on the Fatigue Characteristics of Pure Ti
Welding Materials

Park, Young—Ran
Advisor : Prof. Choi, Byung—Ky, Ph.D.
Mechanical & Metallurgical Education

Graduate School of Education, Chosun University

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

The fatigue the propagation behavior and the fatigue life were
investigated at 400kgf of fatigue limit of base metal. Then, we
compared and reviewed the result of experimented values and
predicted wvalues with the fatigue crack propagation equation repored
by Nisitani in the present study.

The summarized results are as follows ;

- Vil -



1. The initial fatigue crack propagation rate was shown slower in this
order, bond zone, WMZ, HAZ, base metal. But the fatigue life was
shown higher in this order, bond zone, HAZ, WMZ.

2. 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.

3. The fatigue life of bond zone was showed to be about 700%
higher than that of the base metal at same load ratio and the
average fatigue life at R=0.1 was respectably showed to be about

130% larger than that at R=0.01 at the same condition.

4. The material constants gained from experiment were applied to
the equation, proposed by Nisitani, and the error between
predicted fatigue life was low within 5% regardless of notch

position and load ratio.
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Fig. 2—3 Basic modes of crack surface displacement
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Fig. 2—6 Schematic illustration of stages I and I transcrystalline

microscopic fatigue crack growth
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Table 3—1 Chemical compositions of ASTM B265 grade 2 pure titanium

(Wt. %)
Material Fe 0] N H Ti
Ti 0.03 0.144 0.006 0.002 BAL

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

Yield Stress Tensile Elongation Young's Hardness
(Kaf/m) Stress (%) Modulus (Hv)
(Kgf/m) ’ (Kef/mr)
40 49 28 10,850 119
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Fig. 3—1 Standard C—T specimen for fatigue testing
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Fig. 3—2 Welding of plate
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Table 3—3 Chemical compositions of welding wire
(Wt. %)

0.1 0.1 0.012 0.05 0.03 BAL
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g5 N\ TG EX
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Fig. 3—3 TIG welding equipment




Fig. 3—4 Power source and programmer for TIG welding

machine employed
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Fig. 3—5 Fatigue testing machine employed



2 Age) A AP0 AL et Pk

1) mlo]a =z v]AS HAEA (Micro—Vickers hardness tester)
o Fd : HM—-122

« A& AKASHI, Japan

2) "5 A8 7] (Universal testing machine)
md / g3 : UH-F50A / 50 ton
« A2 : SHIMADZU, Japan

3) A713A AH 92487 (SHIMADZU SERVOPULSER)
wd /22 EHF-ED10-40L / £10 ton
« A& : SHIMADZU, Japan

4) FAF A3 v A (Scanning electron microscope)
249/ 57 0 JSM 840A / wl&(X) : 10 ~ 30,000
« A2} : JEOL, Japan

5) #std w7 (Optical microscope)
2d /574  BHC-U / #j&(x) : 50 ~ 2,000
« A2 : Olympus, Japan

6) TIG €57](TIG Welding Machine)

« =9 : 12.5KW, 300A
« A& 1 ASTRO—-ARC Co., USA
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fete] WA, BAAFEES] FREE FHste] BAY IRIEE V|EORE
L84 T 7 43 Specimen 3 AFO FRIEE T FH3] o5&
NZEo g HAYstES 400kgf2 DA 7bsta FHIE 0.01, 0.17 z+zh
gGelstel A3 dolElE a9, Table 3-59 3-6& AFEo] AL A
dA AEg Az 42 eI

Table 3—4 Kinds of specimens

Specimen Material Initial crack position
Base metal Base metal Base metal
Specimen 1 Welded metal zone
Specimen 2 Welded metal Bond zone
Specimen 3 Heated affected zone

Table 3—5 Specimen specifications of crack growth rate test

1 Specimen Type Front - Tensile Testo Temperature o5
Face (C)
2 Width (mm) 50 8 Yield Stress (kgf/mm) 40
3 Thickness (mm) 10 9 | Tensile Stress (kgf/mm) 50
4 Clip Gauge 0 |10 | Machined Notch Length(m) | 25
Position (mm)

Young's . .
5 Modulus (rgf/m) 10,850 | 11| Displacement(TD3~8) |Strain
6 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 (kgf) 400 6 | Final Crack Length(mm) | 49
Load Ratio 0.01, 0.1 7 Maximum Cycle 1E+07
Frequency (Hz) 20 8 | Data Input Interval(mm) | 0.2
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(a) Base Metal (b) WMZ

(c) Bond Zone (d) HAZ

Fig. 4—4 Digital camera fractography of ASTM B265 grade 2
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Fig. 4—5 SEM fractography of ASTM B265 grade 2
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Table 4—1 Experimental material constants for the equation

da/dN=C,a"
‘ Material Load Ratios
Materials Prax c tant
onstalts I p—0.01 R=0.1
D2 0.66398 0.67497
Base Metal | 400kg;
Co 1.6629x107* | 1.5639x107*
P2 1.74317 1.69557
WMZ 400kg;
Co 1.7171x107* | 2.0435x10°*
D2 1.79826 2.42424
Bond Zone | 400kgs
Co 1.8919x107* | 6.7803x10°*
P2 1.43906 1.67925
HAZ 400kg;
Co 2.6748x107* | 2.5179%x107°
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