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Mechanical Properties and Low Cycle Fatigue Strength at 4 and 300 K of
Welded Alloy A286
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Keisuke ISHIKAWA, Sumio YOSHIOKA, Akio INOUE and Sadatoshi TAKAYANAGI

Synopsis:

The tensile, Charpy impact and fatigue properties of TIG welded alloy A286 have been investigated at 4
and 300 K. The base material was forged plates of 35 mm thick of electroslag remelted A286 in which the
composition of minor elements such as C, Si and B was tightly controlled. The plates were welded by us-
ing A286 filler metal without fusion zone hot cracking and HAZ fissuring except for.a small amount of mi-
cro-defects dispersed in the weld metal. The yield and tensile strengths, ductility and fatigue strength of
the weldment were lower than those of the base material owing to strain localization at the softened weld
metal zone. The post-weld heat-treatment which consists of homogenization followed by aging restored the
lowered strengths, ductility and the fatigue strength of notched specimen near to those of the base material.
The absorbed energy at 4 K of the base material, weldment and heat-treated weldment was almost the same,
about 60 J. Though the micro-defects in the weld metal slightly decreased the ductility and absorbed ener-
gy, they did not cause any harmful effects on the yield and tensile strengths of the weldment and heat-

treated weldment. The fatigue strength of smooth specimens after the post-weld heat-treatment was, how-
ever, sensitive to the size or the number of the micro-defects and the S-N data were dispersed among those
for the smooth specimens of the base material at 4 and 300 K.

Key words: iron-base superalloy; weld; post-weld heat-treatment; mechanical property; low cycle fatigue;

liquid helium temperature.
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(b)

(a) 57 passes for front side
(b) 15 passes for back weld after back chipping

Fig. 1. Edge shape and build-up sequence for TIG
welding.
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(a) Smooth tensile specimen

(b) Notched tensile specimen

(c) Hourglass shaped smooth fatigue specimen

(d) Notched fatigue specimen

The elastic stress concentration factor K; for (b) and (d) is 2.99.

Fig. 2. Specimen configurations (mm).

Table 1. Chemical compositions of base material and filler metal. ASTM designation for A 638 Grade 660 and
composition range of A 286 used in previous reports are also shown (wt%).

C Si Mn P S Ni Cr Mo % Al Ti B
Base material 0.016 0.11 1.19 0.005 0.003  25.59 14.37 1.44 0.24 0.26 2.04 0.0003
Filler metal 0.014 0.09 1.19 0.015 0.004  25.67 14.31 1.23 0.25 0.27 2.14 —
Perevi?us 0.?4 0'540 0.501 o.?l o.?01 z4§9 1452 1.s2 o‘szz 0.‘16 2.;00 0.0505
reports 0.06 0.70 1.20 0.018 0.012  26.8 15.1 1.44 0.27 0.34 2.33 0.008
ASTM A 638 <0.08 <1.00  <2.00 <0.040 <0.030 24500 13i50 1.500 ' 0.‘10 <0.35 1‘590 o.osom
Grade 660 27.00  16.00 1.50 0.50 235 0.010
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Fig. 3. Vickers hardness profiles for weldment
and heat-treated weldment.

(a) Base metal (b) Weld metal (c) Recrystalized weld metal containing micro-defects. The micro-defects in
(b) and (c) are arrowed.

Photo. 1. Optical micrographs of base and weld metal regions.
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Table 2. Tensile and Charpy impact properties at
4 and 300 K of base material(B), weldment(W) and
heat-treated weldment (HW).

. T a € 14 g ’ E
Material | () (qPB2) (MBa) (%) (%) (MBa) 7578 (7)

B 300 708 1069 29.7 42.9 1647 1.54 60.2
4 932 1548 45.7 37.7 2000 1.29 58.1

W 300 611 724 15.1 34.5 1261 1.74  102.0
4 79 1184 22.9 34.1 1862 1.57 58.1

HW 300 665 1033 31.1 47.8 1481 1.43 55.2
4 830 1424 40.1 46.2 1947 1.37 62.1

T: Temperature o3 : 0.2% yield strength op: Tensile strength
€ : Total elongation ¥ : Reduction of area

og : Notch tensile strength og'/op: Notch tensile strength ratio
vE : Absorbed energy

TOEZX LR, BN F 0 F— 313 & A EZ L 2.
B D58 & I F 0V F— 13 A286 & & DEEF 7 —
g IONDN gy CEH R ALE R, FoEMREO
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Fig. 4. S-N plots for smooth specimens.
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Fig. 5.  S-N plots for notched specimen.
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(a) Smooth specimen ($#1 in Fig. 4, Ag=1 373 MPa) Many fatigue cracks were nucleated as shown by arrows.

(b) Smooth specimen (# 2 in Fig. 4, Ao =1177 MPa)
(¢) Notched specimen (#1 in Fig. 5, A¢c=1177 MPa)

(d) A typical nucleation site of fatigue cracks shown in (a) and characteristic X-ray image taken by using Ti(K) and

Mo(L) radiation.

Photo. 2. SEM micrographs for the fatigue specimens of base material tested at 4 K.
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#8473 5. Photo. 3 WCHEH O MEIF] %R Y. B HER

(a) Smooth specimen ( # 3 in Fig;r. 4, Ag=883
MPa), showing a little defect at the fatigue

crack
(b) Notched specimen (# 2 in Fig. 5, Ag=883
MPa) No defects

Photo. 3. SEM micrographs for the
fatigue specimens of weldment tested

at 4 K.
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(a) Smooth specimen (#4 in Fig. 4, Ac=1 275 MPa and N; =34 828 cycles)
(b) Nucleation site of the crack in (a) A very small void are observed

(c) Smooth specimen (#5 in Fig. 4, Ag=1 079 MPa and N;=9 845 cycles)
(d) Smooth specimen (#6 in Fig. 4, Ag =1 079 MPa and Ny=31907 cycles)
(e) Notched specimen (#3 in Fig. 5, Ac =686 MPa) No defects

Photo. 4. SEM micrographs for the fatigue specimens of heat-treated weldment tested at 4 K.
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Table 3. Linear regression analysis for the S-N 11 -
curves shown in Fig. 4 and 5.
10f i
Material T(K) a B o
0.9} i
B 300 7.09 —3.39%1073 w
4 7.57 —2.25%X107° 08
300 6.87 —3.96%x1073 G
Smooth w -3 -
moo 4 6.06 —1.77X10 S o7t J
— <
HW 302 G:ES —3'22_>< 107° osl specimen] 4K [300K R
) g Ls]elo
300 5.74 —2.48x1073 L nis:io i
B 4 5.64 —1.46X1073 N SN RN
- : %,
300 6.01 —3.47%x1073 0.4 s | w| o] n:notched s, i
Notched w 4 6.28 —2.65%1073 il N AN
— o~3_4\|||| Lo a bl 01 dounl 1 1111
300 5.60 —2.56Xx10" 32 3 4 5 6
HW 4 6.90 —2.71x1073 0 10 10 10 10
Nt (cycles)

Table 4. Fatigue strength Ag, and notch factor K,
at 2X10* cycles.

Fatigue strength
Material T Notch factor
(K) | Smooth specimen | Notched specimen Ky
A oo (MPa Ago (MPa)
B 0| s 581 1.42
4 1451 918 1.58
W 300 649 493 1.32
4 992 746 1.33
300 791 508 1.56
HW 4 — 958 =
1600
- | |spec-| smooth | notched
imen| 4k [300K| 4K [300K .

200 1 L L 1
600 800 1000 1200 1400 1600
ag/ MPa

Fig. 6. Fatigue strength at 2 X 10* cycles as a
function of tensile strength.
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Fig. 7. Replots of the S-N data in Fig. 4 and 5 by
using the ratio of stress range to‘tensile strength.
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