Development of Superalloy Large Exhaust Valve Spindle by
Dissimilar Inertia Welding Process
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Dissimilar Inertia Welding Process

Hee-Cheon Park

Department of Mechanical Engineering, Graduate 8icho
Korea Maritime University

Abstract

Inertia welding is a solid-state welding processwhich butt welds in materials
are made in bar and in ring form at the joint fae®md energy required for
welding is obtained from a rotating flywheel. Theorsed energy is converted to
frictional heat at the interface under axial loakhe quality of the welded joint
depends on many parameters, including axial foroéial revolution speed and
energy, amount of upset, working time, and resicitegésses in the joint.

Inertia welding was conducted to make the largeaasgh valve for low speed
marine diesel engine, superalloy Nimonic 80A forveahead of 540mm (21.2")
and high alloy SNCrwW for valve stem of 115mm (4)53Due to different
material characteristics, such as, thermal condtctiand flow stress, on the two
sides of the weld interface, modeling is crucial determining the optimal weld
geometry and parameters. FE simulation was perfrimg the commercial code
DEFORM-2D. A Good agreement between the predicted actual welded shape
is observed. It is expected that modeling will gigantly reduce the number of

experimental trials needed to determine the weldcarpaters, especially for welds



of very expensive materials or large shaft.

Many kinds of tests, including macro and microdinoe observation, chemical
composition, tensile, impact, hardness and fatigest, are conducted to evaluate
the quality of welded joints.

A variety of tests, including macro and microsturet observation, chemical
composition, tensile, impact, hardness and fatigest, are conducted to evaluate
the quality of welded joints. Microstructure andentical compositions for friction
welded joints were carried out using an optical roscope and SEM. The
recrystallized and transformed zone were observen fthe center line to 3.2 mm
of depth in the Nimonic 80A and to 3.5 mm in the @W. The mixed layers of
two base materials were observed in the range 6fiMOfor the welded joint. It
has better tensile and yield strength compared MCr®/ and better elongation
and reduction of area than that of Nimonic 80A

The hardness of the welded joint was measured usirlg micro Vickers
hardness test at room temperature. The fatiguewast carried out with the rotary
bending test for base metal and friction weldingntga The fatigue strength for
welding joint is 341MPa at 1><iOcycles. It is higher than that of the SNCrW in
260MPa.

Based on the results of the tests, it can be cdediuthat the inertia welding
joints of the superalloy exhaust valve spindle Hastter properties than the

material specification of SNCrW.
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Table 1 Chemical

composition of Nimonic 80A and SM&Y

Composition (wt.%)

Materials Al Si Mn Cr Ti Ni Fe C
Nimonic 80A 1.57 0.03 1.00 19.8 2.59 bal 0.15
SNCrW 0.01 1.40 0.80 19.8 0.01 9.50 bal 0.

Table 2 Mechanical properties of Nimonic 80A and $WE>

mechanical properties

Materials Yield strength| Tensile strength Elongation | Reduction of
(MPa) (MPa) (%) area (%)
Nimonic 80A 900 1200 15 o5
SNCrw 350 750 30 50

Table 3 Thermo-mechanical processing and paramé&er§E simulation

ltem Unit Value
Friction factor - 0.25
Room temperature (¢ 20
Convection coefficient N/mm/se€/ 0.1
Lubricant heat transfer coefficient N/mm/séc/ 10
Emissivity - 0.7
Table 4 Thermal conductivity and heat capacity ofnbiiic 80A%®
20T 300TC 600T 1000C
Thermal conductivity
(N/secC) 11.2 16.1 20.8 28.4
Heat capacity
(N/mmz/"C) 3.7 4.3 49 5.8

- 16 -



Table 5 Thermal conductivity and heat capacity ofCBN®®

20T 300TC 600T 1000C
Thermal conductivity 16 19.5 23.25 28.25
(N/secC)
Heat capacity
(N/m?/C) 2.7 3.2 5.2 8.12

Fig. 4 Schematic of FE simulation for inertia welglin
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Table 6 Simulation parameter condition for inerti@laing process

Process parameterss( 80mm)
Condition | Flywheel energy| Inertia moment 1st force | 2nd force

(N-mm) (kg-mn) (kN) (kN)
1 1.3x16 1,200 1,800
2 1.3x16 1,350 1,800
3 1.3x16 1,500 1,800
4 1.3x16 1,200 2,000

6.29x10

5 1.5x16 1,200 1,800
6 1.5x106 1,350 1,800
7 1.5x16 1,500 1,800
8 1.5x16 1,200 2,000

Table 7 Simulation results for inertia welding prese@ 80mm)

Condition Friction time | Upset length Total time Total upset
(sec) (mm) (sec) length (mm)

1 41 3.3 61 24.4

2 35 4.1 60 26.4

3 31 5.6 57 25.7

4 41 3.3 60 27.0

5 46 6 69 30.7

6 38 6.6 67 32.4

7 35 8.9 59 29.5

8 46 6 67 32.5
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(c) Deformation shape and distribution of tempewtafter upset phase step

Fig. 6 Analysis results for inertia welding FE simatibn (g 80mm)
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Table 8 Simulation parameter condition for inerti@lding process

Process parameters’(115mm)
Condition | Flywheel energy| Inertia moment 1st force | 2nd force

(N-mm) (kg-mn) (kN) (kN)
1 3.9x104 2,300 4,000
2 3.9x164 2,700 4,000
3 3.9x164 2,900 4,000
4 3.9x164 2,700 3,500

1.049x16

5 4.5x10 2,300 4,000
6 4.5x10 2,700 4,000
7 4.5x10 2,900 4,000
8 4.5x10 2,700 3,500
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Table 9 Simulation results for inertia welding pregg@ 115mm)

Flywheel energy(N-mm)
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1551000 = =
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Simulation No.

1

2
3
4

0.0

20
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(a) Initial flywheel energy(3.9xON-mm)
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. Friction time | Upset length Total time Total upset
Condition (sec) (mm) (sec) length (mm)
1 60 2.4 80 14.2
2 44 2.6 70 17.4
3 40 3 63 17.4
4 44 2.6 68 13.24
5 60 2.5 80 16.8
6 40 2.5 65 20.4
7 39 2.9 65 20.4
8 40 2.5 67 16
4_5x109—_ )

Upset length(mm)
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(b) stem part shape of exhaust valve (15mm)
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(d) Appearance of valve stem part fixed to machine
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() Appearance after friction welding

Photo 2 Manufactured exhaust valve shape by frictiatding processing
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(b) cross section shape for welded joint

Photo 3 Friction welded exhaust valve and crossiseachape for welded joint
(upper: Nimonic 80A, lower: SNCrW)
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t (material: SM@)

(b) 15mm from friction welding joint (material: Niomic 80A)
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ASTM G/S #8

(c) 2mm from fricti “\Hf joint (material: SN@A
QU

(d) 2mm from friction welding joint (material: Ninmic 80A)
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Photo 7 Microstructure of welded joint and base migtg & 115mm)
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LT1, 2, 3 : Tensile test specimen at Room temperature.

*

HT1, 2, 3 : Tensile test specimen at 300TC

*

IC1, 2, 3 and IS1, 2, 3 : Impact test specimen

*

B1, 2, 3 : Bending test specimen

Fig. 11 Sampling positioning for tensile strengtmpact and bending test
specimen on welded joint

- 40 -



Nimonic 80A Weld interface SNCrW
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Photo 9 Tensile test specimens which are brokenr dtien welded joint
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Table 10 Results of tensile test for welded joint

mechanical properties
Test Specimen|Yield strengthTensile strength Elongation | Reduction of
temperature  no. (MPa) (MPa) (%) area (%)
1 506 781 19.8 49.6
at room 2 534 830 20.8 49.6
temperature 3 537 830 20.8 49.6
Average 525 813 204 49.6
N80OA 900 1200 15 25
SEPC
SNCrW 350 750 30 50
4 362 598 11.0 42.0
5 363 598 10.6 42.1
at 300C
6 321 577 13.2 48.0
Average 348.7 591 11.6 44.0
1400 70~
] [ Weldedjoint { S
1200 o [] Nimonic 80Ads0 &
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1000 — 450 éb
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Mechanical properties

Fig. 12 Comparison of tensile properties betweemyimai materials and welded
joint
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photo 11 View of notched area of broken tensile specimen

table 11 Result of tensile test for notched specimens
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Table 11 Results of 3-point bending test

Photo 13 Appearance after 3-point bending test

Description Bend(i&% Zt)rength Ma>(<Ms|§rae)ngth De(ﬂrﬁr%t)ion
Bl 1895 2789 4.6
B2 1813 2789 4.6
B3 1743 2580 3.6
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section 3 Specimen

Fig. 16 Sampling position for fatigue test specinm@n welded joint
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Fig. 17 Schematic of fatigue test specimen on welpbéat

520 4 ®  Friction weld
- O SNCrwW
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Stress amplitude(MPa)

10 10" 10

Number of cycles to failure(Nf)

Fig. 18 S-N curve for SNCrW, Nimonic 80A and weldpint

-5 -




4.2.7 AR A3 H7}

oJFuhAgHon A gy wMRE gy Auidel Faste] A8
3+S 319t Photo 14,15+ wi7|®iB e} vy y A~d 514 S ZHsh= AHZ

o] Photo 15% w|7|WHE A3k sy AH oy Ad4lo|t}t,  Photo 16
g 137145 v g 5o ok P.T 1337 AHAF AMRlolt, HF o

2 A 5 13704 E¢F 7200475 233§ vpEE A el g Blvky] A

=
—
offl

Photo 15. Valve bottom piece and valve are assembled with exhaust

valve housing.

- 52 -



Photo 16. The vessel which is installed the exhaust valve

manufactured by friction welding process.

(a) Liquid penetrant examination

(b) Ultrasonic examination
Photo 17. Appearance of the non-desernctive %t gnd UT)
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