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Fatigue Strength of Welded Thin-Plated Titanium Joints

by Kazujfoshi Matsuoka®, Member Toshiaki Iwata*, Member

Summary

Nowadays, titanium has been focused on marine use. A few fishing boats and yachts were bullt of
titanium plates. The advantages of titanium use are that they are free from corrosion and fouling in
marine environment, and that light structural weight gives a benefit of the 1mprovemer1t in fuel
consumption, etc. However, there is no suitable rule or recommendation for welded built-up-plated
titanium structure. EspeCIally, the fatigue strength data of welded titanium joints are much limited.

In this study, the fatigue tests of base metal specimens, butt welded joints, transverse fillet welded
joints and longitudinal fillet welded joints were carried out. Using the fatigue test results, the fatigue
strength of welded thin-plated titanium joints was discussed based on modified MIL-HDBK-5 method.

According to the examination, the followings were obtained as the main conclusions.

(1) The modified MIL-HDBK-5 method is applicable to estimating the fatigue strength of welded
titanium joints taking weld residual stresses and stress concentration into consideration. _
(2) The fatigue strength of TIG welded titanium joints is superior to that of MIG welded steel joints,
" in the long lifetime region of over a hundred thousand cycles.
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Fig.1 Test Specimens.
Table 2 Welding Conditions.
T i Heat
Joint| Current | Voltage- raveling ea
Tvoe A) W) Speed Input
yp (cm/min) | (kJ/m)
RB 90.0 17.5 12.6 = 0.6 747
CB |84.5 +0.5 16.4 12.4 £ 0.2 669
RT |73.2 +0.3|13.4 + 0.4]13.5 + 0.3] 436
CT |73.6 = 0.1/13.6 = 0.2[13.1 = 0.4] 456
RL |73.5 = 0.1 13.7 10.0; 1.0 604
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Fig.2 Axial Stress Distribution.
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Fig.3 Residual Stress Distributions in RB, CB, RT
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Table 3 Fatigue Test Results.
Applied Applied
Joint Directi.on Specimen Maximum | Number of Qr.‘ac.k Joint Directi.on Specimen Maximum | Number of (..‘n.‘ac.k
Type of Main Number Stress | Cycles to | Initiation Type of Main Number Stress | Cycles to | Initiation
Plate Snmax Failure Spot Plate Sn,max Failure Spot
(MPa) : (MPa)
R2 234.2 265,000 RT12 198.8 248,000 B.M.
R3 189.6 1,670,000 RT2 167.0 675,000
R4 211.9 7,230,000 Rolling . RTS 190.8 568,000
Rolling R6 223.0 232,000 Direction RT6 - 159.0 1,780,000 Toe
Direction .R8 200.7 500,000 RT9 174.9 701,000
R10 211.9 167,000 Trans RT10 | 151.1 4,610,000
R11 223.0 605,000 Fillet. RT11 182.9 521,000
Base. R12 182.2 4,300,000 B.M. Welded CT10 184.0 5,840,000 B.M.
Metal C2 273.6 181,000 | (Base Joint CT2 149.5 | 4,210,000
Specimen C3 2448 1,210,000 { Metal) Crossb to CT3 2185 189,000
C4 244.8 620,000 Rolling CT4 2415 142,000
Cross to Cé 288.0 78,000 | Direction CT6 230.0 217,000 Toe
Rolling Cc8 259.2 189,000 CT9 207.0 679,000
Direction Cc9 252.0 245,000 CT11 1725 521,000 |
ci10 216.0 2,870,000 CT12 1955 451,000
Ci1 240.8 943,000 RL3 1145 448,000
Ci2 237.6 380,000 Long RL4 103.6 346,000
RB1 168.0 1,240,000 Fillef Rolling RL5 103.6 752,000
RBS 176.0 1,210,000 B.M. Welded | Direction RL6 109.0 454,000 Toe
Rolling RB11 184.0 705,000 Joint g RL9Y 119.9 155,000
Direction RB6 160.0 |. 1,150,000 WB. RL11 98.1 441,000
RB10 192.0 147,000 (Weld RL12 92.7 1,120,000
Butt RB12 200.0 96,000 Bond) BM: Roll. Dir. R9 . 156.1 > 1.00E7
Welded : RB13 1920 213,000 T C5 ' 2304 > 1.00E7
Joint CB1 221.4 2,640,000 BM Butt Cross to CB3 172.2 > 9.26E6
Cross to cB2 209.1 536,000 o ng.ded Bolliqg CcB7 196.8 > 7.75E6 Run Out
Rolling CB10 209.1 120,000 WB. -Jf)mt Direction| CB14 184.5 > 1.00E7
Direction cB11 184.5 319,000 T. Fillet J. ‘ CT5 184.0 > 6.61E6
cB4 2214 | 130,000 |- Toe L. Fillet J Rolling RL2 87.2 > 1.00E7
CB5 230.0 106,000 ) ‘| Direction}] RL10 98.1 > 1.00E7
1EIRER DRSS OBIEEIX 163 MPa TH - 72, (HREE=ELTI)REL, (4), (5)FUZ & D Smax
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Fig.5 Fatigue Test Results of Which Cracks Initiate
in Weldments.
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Fig.6 Equivalent Stress-Fatigue Life Relation of Test
Results of Which Cracks Initiate at Weld Toes.
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Fig. 7 Fatigue Test Results of Which Cracks Initiate
in Base Metal.
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Fig.8 Comparison between Fatigue Strength of Tita-
nium Joint and That of Steel Joint.
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