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A Study on Tube-to-Tube Similar Friction Welding of
Rocket Motor Nozzle Material and its AE Evaluation
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Abstract

This paper presents the experimental examinations and statistical quantitative analysis of
the correlation between the cumulative counts of acoustic emission(AE) during plastic
deformation periods of the welding and the tensile strength and other properties of the
tube~to-tube welded joints of O.D. 30mm (I.D. 18 mm) nozzle steel. This is a new
approach which attempts finally to develop real-time quality monitoring system for friction
welding. And this study results in practical possiblility of real-time quality control more

than 100% joint efficiency showing good weld with no micro structural defects.
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Table 1 Chemical composition of SCM435 (wt%)

Materialf C {Si{Mn| P [ S | Cr {Mo| Ni { Cu

SCM43510.3410.26/0.73] 0.20 1 0.13 0.17 0.12

Table 2 Mechanical properties of SCM435

iea| Tensil : Reduction
Properties S;lessse Elongation | ~ =y Ha(rdHn)ess
Material (MPa) (%) Y
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(a) Friction welding and AE test specimen of
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(b) Tension test specimen of ¢$24 bar-to-bar weld
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(c) Fatigue test specimen of ¢24 bar-to-bar weld

Fig. 1 Shape and dimension of test specimens
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(a) Friction welding and AE test specimen of

O.D. 30 mm(LD. 18 mm) tube-to-tube
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(b) Tension test specimen of O.D. 30 mm(.D. 18
mm) tube-to-tube weld
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(c) Fatigue test specimen of O.D. 30 mm(.D. 18
mm) tube~to-tube weld

Fig. 2 Shape and dimension of test specimens
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SCM435 bar-to-bar similar welds :

Ur=1.001t,— 1.7 (R*=0.98) (1

SCM435 tube-to-tube similar welds :
Ur=2.2134,+2.8 (R*=0.98) )
Table 3 Condition in the similar FRW of ¢24
bar-to-bar and O.D. 30 mm(ID. 18

mm) tube-to-tube (SCM435)

Rotation | 1e2tng | Forging | Heating | Forging
Materials n{cpm) pressure | pressure | time time
P(MPa) | PA{MPa) | ti(sec) | txsec)
bar-to-bar 20000 0 100 5~15 5
tube-to-tube | 2,000 0 100 1~9 5
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Fig. 3 Relation between the upset Ur and
heating time # in bar-to-bar( ¢24) and
tube-to-tube (0.D.30mm X1.D.18mm) sim—
ilar FRW of SCM435
Welding condition : as shown in Table 3
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Fig. 4 o: Vs ti of bar-to-bar( ¢24) and tube-
to—tube(O.D. 30mmXID. 18mm) similar
FRW joints of SCM435
Welding condition : n=2000 rpm, Pi1=7
MPa, P>=100 MPa, th1=1~15 sec, t2=5 sec

Fig. 5 Relation between fatigue cycle and
nominal stress ratio of SCM435
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Fig. 6 N Vs t; of bar-to-bar( ¢24) and tube-
to-tube(O.D.30mm XLD.18mm) similar FRW
joints of SCM435
Welding condition : n=2000 rom, Pi=70 MPa,
Ps=100 MPa, t,=1~15 sec, =5 sec
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Fig. 7 E. Vs i, 6 Vs t1 and ¢Vs ti of tube-
to-tube(O.D. 30mmXxILD. 18mm) friction
welded joints of SCM435
Welding condition : n=2000 rpm, Pi1=70
MPa, P>100 MPa, ti=1~9 sec, £=5 sec
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Fig. 8 Relation between AE cumulative counts
and heating time of tube-to-tube similar
FRW joints of SCM435 (O.D. 30mm X1.D.
18mm)
Welding condition : n=2000 rpm, P:=70
MPa, P>=100 MPa, ©,=1~9 sec, t=5 sec
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Fig. 9 o¢¢ Vs N: and Ny Vs N: of tube-to-
tube(O.D. 30mmXILD. 18mm) friction
welded joints of SCM435
Welding condition : n=2000 rpm, P1=70
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Fig. 10 Hardness distribution near the weld
interface of friction welded joints of
SCM435 tube-to-tube
Welding condition : n=2000 rpm, Pi=70 MPa,
P=100 MPa, t=5 sec, &=5 sec

Fig. 11 Fractograph of fatigue fracture of friction
welded joint of SCM435 under optimum
welding condition by SEM( X 200)
Welding condition : Same as those in Fig. 10
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