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Study on Improvement of Strength Characteristics of Friction Welding Section
for Large Diameter Roll
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Synopsis:

FUIJICO has been producing the HSS (high-speed steel) work rolls with the combination of
CPC (Continuous Pouring process for Cladding) and friction welding technology since 2014.
These rolls had been widely used at the steel bar and wire rod rolling. Recently we have been
trying to produce work rolls for hot strip mill using the new CPC method and the improved
friction welding technology. The friction welding conditions for small diameter rolls caused
ductility reduction in large diameter rolls. As a result of investigation for the friction welding
part with different conditions, the aggregation of small inclusions caused ductility
deterioration. Therefore, suppression of friction welding temperature rising by using cooling
mechanism prevents aggregation of small inclusions, and ductility deterioration. In addition,
the heat treatment at high temperature homogenizes the microstructures and prevents ductility
deterioration in the friction welding position.
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Fig.1 Photo showing developed friction welding device

Fig.2 Photo showing friction welding situation (¢ 340)
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Fig.3 Schematic diagram showing sampling position for
tensile test

Tablel Tensile property of friction welding part

Sample
A B C
Result
Collection position
570 520 500
(¢ mm)
Elongation
32 10.0 14.6
(%)
0.2% proof stress
686 652 687
(MPa)
Tensile strength
790 832 898
(MPa)
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Sampling position( ¢ mm)

Fig4 Relations between tensile property and sampling
position
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Fig.5 Photos showing fracture surface (a) sample A,
(b) sample C
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Fig.6  Photos showing macrostructures of fracture

surface (a) sample A, (b) sample C
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Fig.7 Microstructure showing near fracture surface of

friction welding part
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Fig.8 Schematic image showing shape of specimen for
high temperature oxidation test
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Fig9 Macrostructures showing oxidation state (a)slit (D
about 1500°C, (b)slit @about1400°C and (c)slit
(@about 1300°C
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Fig.10 Sampling position of test piece

Table2 Quality and strength of friction welding part with

cooling
Sample
P D E F
Result
Collection position
620 560 500
(¢ mm)
Elongation
12.2 13.0 12.6
(%0)
0.2% proof stress
675 683 687
(MPa)
Tensile strength
873 881 882
(MPa)
20 750
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15 700 &
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= 5 600 o
H ¢ Elongation %
W0.2% proof stress <
0 550
490 540 590 640

Sampling position( ¢ mm)
Fig.11 Relationship between tensile property and

sampling position

Photo showing fracture surface of sample D

Fig.12
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Fig.13 Observation result of 3 dimensional laser
microscope (a) ductile fractured part and (b) cut
surface
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Fig.14 Sampling position of test piece

Table3 Quality and strength of friction welding part

Sample
G H I J K L
Result
Heat treatment
Conventional Developed
temperature
Collection position
500 | 470 | 440 | 500 | 470 | 440
(¢ mm)
Elongation
6.0 9.8 116 | 116 | 124 | 120
(o)
0.2% proof stress
599 | 601 596 | 622 | 618 624
(MPa)
Tensile strength
767 | 760 | 758 801 775 785
(MPa)

# Elongation (Conventional) B Elongation (Developed)

4A0.2% proof stress (Conventional) X 0.2% proof stress (Developed)
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Fig.15 Relations between tensile property and sampling
position on heat treatment temperature



Fig.16 Microstructures of friction welded portion (a)
normal temperature and (b) high temperature

Fig.17 Photo showing friction welding of work roll for
hot strip mill

7 ¥ a—Hii—tsukuru No.25(2017)

5. #&8
INFETIE LN R A TN 5 & ROE

D Thb,

1) BRIZHF¥EL LTAZ— LT /MR —/( ¢
120mm~ ¢ 350mm)DEBESRM 2 REe —/1( ¢
500mm~~ ¢ 650mm) D[EFEZIF~Z DO FE FHH L
To & T A, TEEESNE OIEMDME Y & 9 RIREDS
AU,

2) KREFEBTEHAC ST D IEMAR T OFEK 2 RGE L 7=
& A, TEMEOAR AR TIEARIR O SEM Al s
RSNz, FTo. 2D X il Tl by
& BONDERIRONTEM N S E R S iz, BRIR
WAL H3 584 LR U T BT CIE RO BERE TR A
RASESE L& SR & 72D 2 & Ot iEEd %
EEZLND,

3) FEMEK T OERTH DB AT B RN %
AT D720, SCM440 TEIRR LT 2 k&l
Lﬁ;%ﬁ%@%ﬁﬁﬁﬁ%um@i?hﬁbt

B EEECRIZR SN2 L ERROERRER
75%%.% Shic, o, BEEHORmIEE K
1300°C & T4 2 = & 12 X v kiR b D3

iﬁ%mu éﬂf(ﬁb‘/) 712_0

4) mRBET A FOFERN G, ERESOWRE F5A-%
1300°CHIZHillfHl U CRPREEE 82T A N &AT o7z
& A, EHE O BRI L OFE DN S A UIE
MO TEES Z EBTE T,

5) BEEETHHL, BMUBRAAT o T8I 5 &
AFA e T7=2T 4 FOMERNBIERINZ, £
T, L0 ERE CEULEE(y (LB 21T H Z &
THESTII L Vx50 Z ENTE, JE
PEROIEEDIR T 2B Z N TE T,

SE X

1) KB, 545, B . 73— No.102002) 48

2) K¥F, & J%mﬁ 7V a—# No.14(2006) 26

3) ﬁﬁ\@m.7/:~ﬁﬁ No.21(2013) 53

4) [FMHE, fEH, £, £ kiE o 7Va—Hil
No.23(2015) 25

34





