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S’[‘UDY ON THE BOT WORKING PROPERI‘IE: OF RIMMED S’lEEL (I)

Toshio I /ceshzma and T tsuak% M OMSh'Lma N

Synopsis:’

In order to mvestlgate the cause of the defects of the rimmed steel tubes during the
piercing process by the Mannesmann type ro]l hot workmg properties of rimmed steels were

studied.

. When the cross SGCthn.AOf-th'e billets was macro-etched with the ammonium copper chioride -
solution, many dark. grey spots and black spots were detected in the core of billets. =~ .
The results of the rotary hammering tests, impact bending tests and piercing tests showed

that the dark grey spots were not so injurious, whnle the black spots acted as defect point-

for the hot workmg
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. Table. 1. . Chemical Compositions of Billets

Mark, C | Si Mn P S Cu Mn/S

1 |

A lo14 | 0-28 | 0- 0100 0-037, 015 ] 7°6
B 012| 7 1025 0 014|o 036 019 | 69
C 015| 7 |0-29 { 0:013| 0-026 0-22 | 11-2
D'o12| 7 '0-25] 0 014]0 04110 13| 6-1
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Fig. 1.
billets.
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Fig. 2. Method of rotary hammering test.
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Fxg 3. Results of rotary hammering tests.

4. FERURTETIE A b R .

FUEHEA RIS 5 10mm FORK 2HIDHIL, v v 2
e - BT & b SR O EmH R 2T 01 IR
TR 900~1250°C ORITC, & OfnEa g, i
BRLOE R I T 5o N 38X He w5 AGWH
T2 HBUCH D TREWRAF OaRE v 2 » « =
v F U, ZORIEEEHIZ E DT X, Bt d 7 DR

B REIT U7z

* Fig. 4. Examples of cracks in rotary ham-
mered billets.

IR L &0 LADKRIA L s D TRBIDTEE LIz
HBFRO—p% Fig. 5. iR Eik
FEHBID ~ 7 = flligkis X BB O BELOIREES 7 L 1s
bOTH 5. BrOHLBHCEICR RSB,
iﬂ%ﬁﬁﬁfmmm&ﬁtaéw,c@%ﬁc%ﬁw
FEELTE. HLY 208D, =7 - "EODOES
B3 A UBESER T b BaD B SR cci%%%i»%ﬁ: L
TZU. _ ,

Ll E ORBHERED b MBI E 2 ~ 2 = - = 5 F LIt
BEROEERD D b B Y, T SBMDABEONE
Dizsb BRI T B3 20D, B HRA 3
ﬁ@%&%%&b,@ﬁMIQWQK%%Qic&ﬁ
s, DT Y & FEPIEBORMHMNTIED R B AL
%“WK&%W@&DOLE@@%@TiE( A
RO REE T RMEIZ L 5 4 DOTH A C EHHB. HEA
OEBOFRICE TR IR LB BE 6 & 55
BCRLRASZ DL, BOMNE DL R—BTHT D
m¢3©tﬂ%?6C6M&%%®fnHT%C%<E
A%%ﬁ%BmmSwtthctK?é

.

IH.Bh&SwﬁtWEﬁt@@ﬁL

L mToR® T

Wﬁ@ﬂ@%@®f¥m‘ m%k&mtmﬂmmt
R B KM R T & DS 12 b5, %ﬁmﬂm%ﬁﬂ
TAHEEICITREL T EDERT T 2 > 2RED TS { ABEs

— 19 —



» L o2 om A s 1B

efore bending
F1g 5.
»%. %L TCHEEOFILOB SO TS, ZOR
Befrol:.

1. 7y~

BHAR L - ADOEEZ )T e 7 ¥~k O

BElED, AMEMHLC~2 =« = o F LARID 5 &
DOREIC U THERENSE L T D2 HEE LT BB

BN A ($90~4145mm) (317K 1 AT v ~ ¥ OE

5, 16.KT, N6 OABORLERL%Z Table. 2.1T7R
4. T OFERD ST E D1 Bk & 5 HEUIE D
LTS w2 “DANIC 1T 3 AEOHEIN & OBMET, 7O

After bendivg

A 1200

"A 11200

A 1200

B 950

B 1250

B. 1100

B 1200 -

c 1100

é 1200

‘é; 1200

D 900

D 1050 -
o < p®

D “.4;00

Nfaik Te?:gt;raiure

Table 2.

_ Results of impact bending tests at high temperatures.
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Table 3. Relation between -defects in tubes
and cracks in materials at the top of plug cavity.

- Aspect of materials .at

‘Defects of |Nummber| top of plug cavity
tubes of tubes Crack exists No crack

Lamination 1 1 0

Blister 6 6 0

A few Blister 2 1 1

-Good tube 7 0 7

Fig. 6. Cracks in materials at top of plug
cavity (Longitudinal section of billets).
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12 4100mm (ZIEFEL Fig. 7. KRR » 5 11,500
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“Table 4. Chemical compositions of billets
used in piercing tests. ,

Markl C | Si |[Mn| P-| S |Cu |Mn/S
E | 0-17 | 0-01 | 0-34 | 0-014| 0-018| 0-20 18-9
F 1016 | 0-01 { 0-31 | 0-011| 0-020; 0-15 | 155

vop en 3 Crop end
I, /f,’},",ﬂ‘;;,'n) . 1600 f6ilem (—fﬂﬂm-)
wlap] [FI BTG [ 6] [ ] bl 1
‘ i ~ 30, 300mm l

Fig. 7. Position of billets for piercing tests
after ingot rolled (1~6—billets tested). -

Tube

FolSectional area of tube)

t’(Depth of defects)

Fo (Area containing defects)

t{Wall thickness of tube)

Billet

Fg=Fp X Fe/Fp
Area havnig an effect )
on defect occurrece in tube

Dg (Diameter for F5)
r{Radins of billet) -

\Dg(Digmeter of billet)
Fig. 8. Relation between area containing de-
fects along inner. surface of tubes and area
“having an effect on defect occurrence in a
tube at the central part of billets.
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Table. 5. Calculated data corresponding to Fig. 8 in piercing tests. (dimension mm)
Dy ; Fg IL DP { t t Dp-2t E Fp ”FB/FP l t ’ LFP' ‘A -'I’YBV{ ‘l Dy iDB'/DB.
to | 7853 | 102 | 105 | 81 | soi8 | 260 | 30 7o | 2050 ' 512 | 0512
© Dy...... Diameter of billets - : Peoans Maximum depth of defects from
. .. ) ) . inner surface of tubes
Fy...... Sectional area of billets It Area containing defects along
inner surface of tubes
Dp...... Diameter of tibes 3’:F’p><FB/Fp ...... Area having an effect on defect

Dp-2t...... Inside diameter of tubes
Preerne Sectional area of tubes

—e— Llack spots

-------- Inner surface defects

Number of Black spots, 360
Number of inner surface defects, /94

Numbar of Black ipots and inner surface defects. (%)

301 F
M -
20t ’,’ "v \'
I \ - . B Vo
H Number of Black spots, 434
10} 4" \ Aumber of inner surface defects, 249
l’ \‘» )
A | D . Lemth of 8/&7(" 5&0!5 (mm)
30 700 750 20 Ratio of scale
M I
700 00 300 90 So0 Wﬂé .

Length of inner surface defects (mm)

Fig. 9. Relation between both length of black
spots and inner surface defects.
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occurrence in tubes at central part of billets
...... Diameter for Fy'

Dg'|Dy...... Diameter ratio of F'y' to billets
FylFp...... Area ratio of billets to tubes

(Elongation rate)
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