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Synopsis :

In order to develop new high manganese non-magnetic steels that can be employed to
extensive applications ranging from cryogenic to elevated temperatures, effects of C and
Mn on magnetic permeability, thermal expansion coefficient and mechanical properties
are investigated. It is found that the relation between thermal expansion coefficient, f3,
10((-6)°C(-1)) and both C and Mn is expressed by the following linear regression
equation: g, (10(-6)°C)=17.66 + 3.82C(%) - 0.22Mn(%) Good mechanical properties are
exhibited in the wide range of Mn contents between 18 and 30% at room temperature,
while there is a tendency that this optimum range of Mn content is reduced at cryogenic
temperatures. Then, H-shapes, round bars and deformed bars are manufactured at the
workshops using 5t vacuum melted ingots, aiming to establish production process and
to study physical and mechanical properties, machinability and weldability of the
products. As a result, it is shown that any of these products have excellent properties as
non-magnetic steels. In addition, the manufacture of non-magnetic pinch rolls attached
to the electro-magnetic stirring equipment on a continuous casting machine is described

in detail as one of prectical applications of high manganese non-magnetic steels.

(c)JFE Steel Corporation, 2003
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Synopsis:

In order to develop new high manganese non-magnetic steels that can be employed to extensive applications
ranging from cryogenic to elevated temperatures, effects of C and Mn on magnetic permeability, thermal ex-
pansion coefficient and mechanical properties are investigated.

It is found that the relation between thermal expansion coefficient, 8, (1078 °C"?} and both C and Mn is ex-
pressed by the following linear regression equation:

B (10-6°C) = 17.66 + 3.82 C (%) — 0.22 Mn (%)
Good mechanical properties are exhibited in the wide range of Mn contents hetween 18 and 30% at room
temperature, while there is a tendency that this optimum range of Mn content is reduced at cryogenic
temperatures.

Then, H-shapes, round bars and deformed bars are manufactured at the workshops using 5t vacuum melted
ingots, aiming to establish production process and to study physical and mechanical properdies, machinability
and weldability of the products. As a result, it is shown that any of these products have excellent properties as
non-magnetic steels.

In addition, the manufacture of non-magnetic pinch rolls attached to the electro-magnetic stirring equip-
ment on a continuous casting machine is described in detail as one of the practical applications of high

manganese non-magnetic steels.
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Fig.1 Phase diagram of Fe-Mn-C at 1100°C and
magnetic permeability of the alloys with
various composition balance
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Fig. 4 Effect of C and Mn on thermal expansion
coefficient, A, of high manganese steels
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Fig.5 Relation between Neel temperature, T,
and thermal expansion coefficient, 2

BT, BHREEREEXIRING, EARIREC
P AWEABENRT & & LizkT 2700, i
EOBTFERSIC L HARMELIT I NT, &
WIEL BT LA R L BN TH D,

—%, REEE, $HEEL L URLE LT
e ¥ ORBEIINT AEBII b T THER L
BEAEMBEE LD,

2-3-3 WROER

Fig.6 I-Ziic BT a&RERL, LOFHR
FLUTH LS Thd, Q1% TOHEETIE, C
AN E ) ¥ o> Mn BETLHE, MUrELE
B4, MM Mo BEIZ LD a0 RA Y, 13
Mn S8l C Rz X O EL, 50Mn ST
O ETRL, 24-30Ma Sl TiEHF N CILIHRAE
Lo, DHF, 10~18%Mn ORE T, —it
\=Mn BN B L 3GRE, {pUF, BMEE L BRET
B, 18~30%Mn TltWIFNOHHLIZEAL
—ElER R, SLIEEMn LU LAMH
BET 2N ERT. S0k CRRTORHE
DHEEFERT D E, Ch LU Mn DMEST A
F LR EBIE IR S S RATE b,

O13%Mn  A30%Mn
@24%Mn  [150%Ma
T

A0.02%C .[10.2%C O0.6%C @1.0%C

120——1—7 1

SGF (.

PS (kgi/mm?) TS (kef/mm?}

El (%)

8
-2
E
‘&
=
I
= 0 .
0.2-0.4 0.6 0.8 1.0 10 15
C (%)

Mn (%)

Fig.6 Effect of C and Mn on mechanical properties of high manganese steels

at room temperature
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Fig.7 Effect of C and Mn on mechanical properties of high manganese steels
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Table 1 Details of 5t vacuum melted high manganese steel ingots

Chemical compositions (wt. %}
Product Designation Product size {mm)
C Si P 5 Cr
24Mn-5Cr*
0.48 0.55 24.7 0.020 0. 007 5.70 B12x212x22X22
(Steel HA)
H-Shape
0.6C-30Mn 0.59 0.56 30.5 | 0.013 | 0.006 - "
{Steel HB) ’ ) ’ ) ’
Round bar 17Mn.3Cr*"* 0.48 0,46 16.7 0.020 0.006 3.1 5.54, 164, B0¢
Performed bar 24Mn.5Cr" 0.49 0.48 24.3 0.017 0.008 5.38 D13, D25

*+« Egquivalent to DIN-X40MnCr23
s+ Egquivalent to DIN-X40MnCrl18
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Table 2 Properties of high manganese steels shown in Table 1

Position Physi cal properties Mechanical properties
Product Designation
tested p* | A*(108CY) | PS (kgi/mm?) [ TS(kgf/mm?) |El (%)} vE{kgf-m)
24Mn-5Cr [ flange 1/4 | 1.002 12.2 55 95 54 13.5
(Steel HA) | web 1/2 1.002 12 .1 62 101 46 11.3
H-Shape
0.6C-30Mn | flange 1/4 | 1.002 11.0 44 ap 66 29.1
{Steel HB) | web 1/2 1.002 1.9 52 92 61 19.6
Round bar 17Mn3Cr |1641/2 D | 1.002 14.9 39 97 57 21.8
Deformed bar | 24Mn-5Cr (D 251/2 D | 1.002 11.% 35 85 67 21.5

Magnetic permeability

*+ Thermal expansion coefficient
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FAEG&E 4 Table 5 12544 4 > HEEROE Mn
$§1C-13Mn (Hadfield £§) (25T, R C-1
Mn @V i (EES L O a2 8T
bho,

322 BEHLURBRER

(1) #ETHE
BMETRIZRDEBY THS,
B - R - G W -
(EF-LRF(Bi#=))  [340%x350)
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Table 4 Change in strength of high manganese standard steel by addition

of each element by 1 wt. %

Proof strength (kgf/mm?} Tensile strength {(kgf/mm?)
Source
C Si Mn Cr Ni Vi Mo C Si Mn Cr Ni v Mo
Own results ~15 | —1 ~0 ~3 |{~01]| ~12 | ~4 |15~30 (~0)| —~0Q |~2.5 |t~01 {(~0) —
Irvine et al.' 36.2 - — 0.4 - 1.9 1.5 | 55.1 - - [} — ¢ 1.9
Handbook for alloy ] 7 - 0 -3 0 —8 4 B _ _ 15 _ _
Steel {in Japanese}'?'
Sawa® - - 0 -3 Q ~10] ~3 - - 0 ~2 0 ~14 ] ~2
Kato etal.'®’ 16.2 = 2.0 - 11.01 3,1 | 29.5 - - 1.2 - 10.3 | 1.9
Used value estimated 10 1 0 3 0 10 3 ~20 (0) o 1.5 6 ~10 2
from above
Standard steel (0,5C-0.55i-13Mn) . PS ! 29kgf/mm?, TS : 85kgf/mm?
Table 5 Recommended chemical compasition for non-magnetic EMS roll and its estimated
strength at room temperature
Chemical composition (25) PS TS
C Si Mn P S Cr Ni v N {kgf/mm?) {kgf/mm?)
0.6 0.5 18 <0.02 =0.03 5.5 1.0 6.5 0.02 43 88
KRR — EERIE - KRR — ERER 13 asrolled # 4 L L ERAGREA
(240~290¢) (1080°CX6hWQ) T 1.002~1.012ThH A, 7277 A 2GR T131.08
e BR—  HMNT  —iEE - bmT Th -7, Wit h Table 3 (R B (1=11)
2004(55¢413L) (7 i) AHEL T d, SBaFEHBIEEEIE (145
2704 (150 s TL) ~15.2) X107¢(°C™1) Th 2, HHIL (1080°CX
— gz 07 6h) AKMMBEIENFIRTHFIHRY) B & UEEERR
(B4 I mm) EERF 2400 DAL -0T Table 7T 1277¢ 0

(2} v — FaRr - RhatRd

Table 6 |2 2 F v — ¥ TN FHOL — FILath
57T, MBE 7, 3 FA, Kb AELEN
DWTHIERE 2T - 2%, T LERRT
bot, T ETERERBBLIUOAT—F
7 OEER, HLER 20~ 604 DEFIZY 7 KRN
e R pzh%, 2404 a—)LiX 554D, 290¢ W —
LI 1509 DA BTN T TRE SN L HEES
s tii & ﬁ.’f)‘ -2 f:n

8 TORMAYEE (L Table 3 HHME LR L TH
) Table 5 \27R U 72 FAMAE & b L C—BL Tw
3, L BEiREE DN 1113 Table 3 NEHAL Y
TEbh-oTwWa,

323 ERARRESHRONHEH

2 Mn RSO — e LT 22045 L2704 0
IEENT—LEHEBL TWEH, 2204 O-iUiz
FolpsE e, ZoREO—2 L UEiREE (R

(3) #EMEREBRHAR 1) OB AHEE 2 F1L72 0 THT HRERH PR (820°C
Table 6 Chemical analysis of non-magnetic EMS roll having nominal composition of 18Mn-5.5Cr oz
No. C 51 Mn P s Cr Ni v N Note
1 0.56 0.46 17.70 0.017 0.002 5.32 0.96 0.51 0.0310 for 220mm¢ roll
2 0.58 0.50 17.50 0.016 0.002 5.50 0.97 0.49 0.0433 | for 270mm¢ roll
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Table 7 Mechanical properties of non-magnetic DEMTERE (§f ) FH L L RS RO &
EMS roll {240mmg) having nominal B oy i .
composition of 1§Mn-5,5Cr after AIBDIALIZ & - To— Dl E R AT L
solution heat treated at 1080°C for 6h 72—, 2T0¢ 0 — iz (2l ) ORI AR LT
followed by water cool o,
Temp. | Position PS TS El |RA| vEwn HEOE Mn 4 FSiERE R T 5554, 4
("C) |tested | lkgf/mm?)| tkgf/mm?®}| (%)) (%)| {kef-m) HHTOBETEY L T,
RT Surface 46 89 68 | 56 | 20.2 (1) BRI E R AT E L
Did 43 87 67 | 56 | 20.7 (2) #hfzdgh g
Surface | 32.1 82.4 82|57 (3} EimEE (wid) Ao Thn
200 .
D/t 31.1 83.0 82| 60 (4) Witz —7°§§Jx:’3‘+ﬁ; Th
Surface | 31.5 68.4 | 75| 74 (5) R LA D
300 A LT 15,17 - Eis e ¢ PR g A
D/A 30.8 67.8 | 71| 14 w &b f”")“%’ o JEEEME @ — N HIRE LD R
ZHEEL e THLITEY B A 4T
Surface 27.6 60.8 57 | 76 IR (3) & (5) i T Hﬁd&%%%ﬁﬂ
400 y A TH), FORRIFHRLNL20H5,
b 27. 61. 78 . } N . . . .
M : SRS 7 — L T & 9 LRI T M
sg |oiriee | 20-6 9 4617 B ¥ 2 - TS Mn JERM SRA MRS < BRIREIE
B L L BB LR S B E RWIET 2,
Table Mechanical properties of non-magnetic EMS 4, EMnﬁﬁﬁﬂﬁiﬁU)%EHEﬁﬁ

roll (240mm¢ ) having nominal compesition

of 18Mn-5.5Cr after age-hardening

treatment (1 080°C X 6h W.C.—820°CX8h F.C.}

Temp. | Position PS TS El |RA| vEz
(°C} | tested | {(kgf/mm?) | (kgf/mm?} |(%) [{%)|(kef-m)
Surface 53 83.0 18 | 17 2.1
RT
D/4 49 82.0 16 | 16 2.5
Surface 49 82.7 26 133
200
D/4 16.5 78.3 22 116
Surface 42.5 73.0 30 35
300
D/4 43.1 73.6 31 | 36
Surface 38.2 66.4 39 1 56
400
D/ 36.3 65.8 38 | 53
Surface 30.4 57.6 34 | 66
500
D/4 a1.1 57.5 34 | 62
Surface 27.5 46.3 31 | 69
600
D/4 27.1 47.2 28 | 62
Surface 26.9 35.1 26 | 50
700
D/4 25.9 3.9 32§53
x8h - 4Fif) B 7. X OHR % Table 8 (5

F, FiLIL B EH
HE ST 272 49 10kgf/ mm?

A s 700°C i & TO 2R
SR EARLTEY, 2

3.1 5 L ors2 T~z B SlRE (24Mn-5Cr, 0.6
C-30Mn, 17Mn-3Cr, 18Mn-5.5Cr) {3 4L Y,
s Mo R RO ENEETLAZ20T, JHL

ST, BRSE - PR —BE L TEEREL
TR~ MR £ 1T - 72,

41 BACRIRHOMIEN - BIROET

Table § 2R HEn—ERERL L, B
WAV oD Mo ORI TH S, Fig.15
IR LALER i 00 5 SR AER RS SR %9107, 24Mn-5Cr,
30Mn DGV T 4L L as-rolled MIZ AT 7,
Bl = 4y 20~ 30kgf/mm? FEREA 5, Fig.
6 LB RILALEEN Y 2 v F o L E— RER
LB T AN F—-ERT, 24Mn-5Cr 5T
ALK ALERL T I 1) as-rolled FHIZ AT, #4
PEAEL (RHEXHTVWEONRERTSH L,

42 SRR L FEOTIE

B o L AL AL TR, iR
% 10~40 Ziz B 2w T R A BCEBREOR
FEriT- 12, BRICHITAERY Fig 1T 12707,
fit 3, %‘IéEﬂ# , W AR O
R ezt A, sfk$(y) s HASHE HB



Vol. 13 Neo. 3

wn Ml G S B 58

RS

Table 9 Physical properties of high manganese non-magnetic steels along with low carhon steel
and austenitic stainless steel

Def d CC-EMS i
Product H-shape H-shape Steel bar erorme Austenitic
steel bar roll Low ecarbon | stainless
o 24Mn-5Cr | 0.6C-30Mn steel steel
Designation  Steel HA: | iSteel HB 17Mn-3Cr 24Mn-5Cr 18Mn-5.5Cr LSUS304
Magnetic
- 1.002 1.002 1.002 1.002 1.002 230 1.02
permeability, g
Thermal expansicn 12.2 1.0 149 s (5.0 12.6 73
coefficient, 7 110 *°C 1 ' ’ ' ' ' ’ '
Young's modulus
\ 1.82 1.73 1.73 - 1.93 2.11 1.97
{107 kgf/mm”
Density
. 7.73 7.73 7.77 - 7.76 7.85 8.03
(g/em?®)
Th 1 ductivit
ermat sonduetviy 0.039 0.032 0.036 - 0.040 §.145 0.039
{cal/em-5-"C)
Electrical istivit
petrien’ TesistvIY 77.8 84.8 68.3 - 74.2 13.0 72
(2 -cm)
1 T T T
CC-EMS roll -
&
=)
B
E
B
=
5]
E—-
B
£
®
=
)
=4
0 1 1 1 1 L ) L
—200 —100 0 100 200 —200 --100 ] 100 206

Test temperature ('C)

Fig.15 Temperature dependence of tensile properties of H-shapes (a), and
CC.EMS roll (b), solution annealed and then water cooled

I3 BT, CCM TN HIERLEA 20 2 %

M sRAT 5, Fig.18 12k —196°C T35 |5kl
MR LY, ZiROHE LR L TEEITEY
Bk E v, R el Se, TR
AEREE T L EEFOBIICHECERENE LY b

43 BHREORE

IR LA L T, MERTHE N ENL O,

% Mn 300 FERPERIEDZSENRE A — 2 7 4
BOERECKIEL T b, i Mn A SET
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0 '
— 200 —10 0 100

Fig. 16

(kgf/mm?), TS (kgt/mm?), El (%)

PS

Fig. 18

17Mn-3Cr 16¢ (1/2D)
24Mn-5Cr D25 (1/2D)
HA (MY)

HB { »)

CC-EMS roll (1/4D}

10 e @O(]

L 1 1 1 1 L L 1 1

Test temperature |'C)

Charpy impact energy of various high
manganese steels solution annealed
and then water cooled

200 — T T T T
- Lig. Nz temp. 1
180 - E

160 - R

140 R

120 Ps |

100} E

B0 E

60 b

40r B

20 ]

0 10 20 30 40

Celd rolling reduction {"%)

Effect of cold rolling on mechanical

properties of various products
at —196°C  (Liq- Nz temp.)

140 — T : T
r Room temp. TS :l

120F !

100}

PS, TS (kgf/mm?}

El {
g

Hy

LS -
200+ E

=
T

[=Jy
o Lo
T
1 .

=
-
:

|

susceptivility
X (107 "emu/g)

Magnetic

¢ 10 20 40
Cold rolling reduction {%)

Fig. 17 Effect of cold rolling on mechanical
and magnetic properties of various
products at room temperature

BT A 2 2 L D R{EEes =T A P O
2k AL BEINATRELDIYNT, ZHHm
BRAASCSEME & 4 B 72 h 12 550~ 1 050°C ik i
T 30min~80h DAL & TV, 2R
b U b L b e A T 7, BERE .
WFRAE (10mme} & & URIEEERA (Smmg)
BT LRI 2ATERLE 2T, RED
b 2Bk 2 £ 9B, BAMIEOKETE
FETELSILTW O TER % ~=— —HFEL
iR LB eREE T 2,

Fig.19 =& oyvE{b %, Fig.20 12 1T Tl
(o) OB % ¥, HA Sl & HB fiizeeaiiE kT
FETATELTHMIPIC L AEEIXIILA
EEbihv, —HV E2REL 22 CC 8T 750
~850°C OFfIz /— X BT HATHBEA B bILE,

RECGANSE D4R T 10h DI BULEEIZ N | T,
FREE LTI LA CEITAL L, 30h LITE
OB E L T 650°C L R ov iR TiEA R
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e Mn A HE O 2 To4

1100F 172 169 171 168 185 ‘1'((5‘33 -
v [+] =] Q [e]
1000 180 174 176 168 168 166 HA
o o] o) o o] Q
900~ 176 174 172 170 173 176 -
Q 2] Q o o o
BOOH 176 180 177 176 181 193 ~
(=] Q =] o) =]
7001 179 181 178 175 173 173 -
—~ 6 0 0 o) 0
O 600F 186 176 176 179 176 176 -
— [+ Q o Qa o o]
o O ]
3 1100 152 150 152 146 144 143 -
s Hv © o ) <) o HB
a 1600 155 153 149 142 151 146 B
e Q [a] [+] Q
E 900} 153 154 152 162 155 152 -
2 - o o <) =)
. BOOF 153 157 185 150 150 152 b
= [s] [»] o o] Q O
g 700+ 161 155 154 167 158 158 A
= Q < [o] o
3 600+ 158 154 161 168 156 157 4
& e © [} o =
O ST I TS S S i
2 1100F,. 215 211 211 201 204 196 -
- Hy o o e (=] +] o CC
1000+ 231 231 228 248 230 227 4
[s] =] Q o o
900 2%9 2c5>1 247 224 258 226 E
800 220 217 246 251 260 275 b
[+] [#] o [=] Q o
T00H 230 231 237 237 303 133 -
Q [#] o o (=] [+
S0 220 226 244 230 272 271 E
o Q o] [o]
500|- PR NSl o bratl et 3 it n
9.5 1 4 10 30 80

Holding time (h)

Fig.19 Effect of ithothermal heat treatment on
hardness of high manganese steels

1100F @ b.ish”u'.('l)ss 0065 D30 022504027 0.05410.7761 -

einu;g

Q o o] o o

1000 0.134 0,154 0.153 016} 0.20910.2641 0.202.0.287 HA
9 o Q Q o o

00 0.155 0.152 0.154  0.1600.20700.266) 0.195:0.224»  ~
o © Q o o [+)

800 .15 6.155 0.157 0,154 0.18300 3441 0.15T:0.198)  ~
o 0 o [*)

o]
700 0084 0156 0,156 0.15 0.138‘.0?505] 0.172:0.248)
o 9 o o

o
600 0155 0.1% 0,155 0.16 0.131 0.?59 B
c00 - o 0 5 o o o |

R T ; ) —
—— A

- I el 1
1100F o 0141 0,140 0137 ©.155 0.18740.262) RETIE

1 o (o] (o] Q a
1000 l“'"“’g‘obxaao,las 0% 0l ol 0l HEB-
Q

900t 0.1 0%
[s) Q

g0 - 03B 01n
o] Q

001 018 01%

[} Q

0.13% 013 019 0140 h
<] Q =3 =)

0.136 6,157 0,25810.362} 0.1720.2180
o o ) o

0.138 013 (]‘171i0.c2’20l 0.174{’\30.2042‘ -

Heat ireatment temperature (°C)

o s} Q
600 0.137 0.138 013 013 0148 01853034
500 o [s] <] =] [+] [} i
e
1100 o 0.220 0.201 0.234 0.250 0.548(0.854 ) 0.60710.88)
lemu/g! O, Q =) Q =] o )
1000 " 0,191 9,203 001 0.2 DAOAL) 0.25410381CC

900 .18 0395
o o

BOOF 0201 019
o o

700 0.203 0197
e @

050 0196 02650360 040Ri0.402) -
Q [+] L=] [¢]
0% 0.8 027000304 0.371:06%]
o [o] Q &)
b 0.5 26030 03504

(e} Q =]

600  0.189 9.192 0.205 0.205 0.207  0.186 h
e [=] Q =] [+} ]

5001 Loy r gt Lol b1l ]
05 1 4 10 30 80

Holding time {(h)
Fig. 20 Effect of isothermal heat treatment on
magnetization (¢) of high manganese steels

F AN A LIS, &8s LB BRORIE
OpE b Ao, ki kE il s L THE
2 (Bizitor sofiz( JAIZTLLZ),

L# L HA 8> HB #dTid, EmEHS+0Th
UL I Rz e L Th ), Bt L b

Wb~ e FRIEE Ay, 5 CC m—
SR T 2 SAREL e TR TR B A T A
700°C {H55 & TR ToOMREID BV TR ENE
L

44 BBSIRARER

EMn foSERECHTAT—2Eh T )W
X} Ty, HA, HB, CC o — /Lo 3 HlFk
BRI LE RO EER S Fig.21 (277,

120 T T T T T T T T T T
r O PS5 H-shape (HA) -
100F @® TS ]
n El 4
[1 RA

..

0 200 400 600

800 1000 1200
Test temperature (['C)

Fig. 21 Change in tensile properties of H-shapes
and CC-EMS roll in the region of
elevated temperatures



193 ST VI O A 1981

— 35172 Mn SRS RIE L 2T v v L R B
M LD ERGERL ST EA, LD
T Lz 3 SEREOE a5 L d L9 diRme (5
) RS RTRE CRAY, B R
L~ Mo My SR A& LEETESL Z
AT R L7,

45 W H M

i Mn RS I TR eREA TR 3 CRTIERES:
DT U B 2z WEIN T AT L METh S,
DDk Ry - LAY A W A AT

L b S TARBORESTIF S 1L B
DT LA, FITHANESRESRED R
FLTHBREMC LA RF RSB L
NIRRT T 1

Fig.22 i+ 13Mn, 17Mn-3Cr, 18Mn-5.5Cr (-1
Ni-0.5V), 24Mn-5Cr, SUS304 %§ijo) as-rolled
oy (#2721 18Mn-5.5Cr (2iFH{nRLELE = L
2 72) WeFEENTE R A, %Y 0.3mm/rev., L5
SR Ve (79w 7R =01mm TiT-7: &

® 24Mn-5Cr{As-rolled)
¥y SUS 304{As rolied)
[J 17Mn-3CrlAs rolled}
) 18Mn-5.5Cr{As-rolled)
® 18Mn5.5Cr(SHT)}
A 13Mn {As ro]led)
T T T T T T 7 1
100F Crllermn of toel life : Vi =0lmm
Feed »03mm/rev
50|_ Depth of cut * 15mm
E P — i
- 20
'_E
SRS S 4
g
& 5r i
3r o
2F i
] 1l 1 1 i 1 i1
40 50 60 70 80 90 100110120130

Cutting speed im/min)

Fig. 22 Tool life curves in turnig of high
manganese steels

Eo VO (YIHDEE) — T (TEFar ) &

LIl U L e 5D &,
SUUS304 > 24Mn-5Cr>17Mn-3Cr>>18Mn-5.5

Cr (#EfR{b2FE) 218Mn-5.5Cr (as-rolled)
>13Mn

HMThb,

See Table 10 | o 1
for symbels

o
(=4
T

[=x]
=1
T

b
=]
T

(=1

Number of drilled hole
.
(==}

13Mn 17Mn 24Mn  30Mn
—3Cr —5Cr
.23 Drill life curves in boring
of high manganese steels

=
&

s 703, Fig.23 (3 13Mn, 17Mn-3Cr, 24Mn-5Cr
35 L 053 0Mn £ 8f6 as rolled Moy b i} el
MR EREE R T H B, 106X 15mm i S e HALE
A, YT & A B 3 o sl Lf_o ﬂ
Vi FrHEREIE D 2T L A — LA TUREIR & AL 1] _
Tt X L& Table 10 o £ 5 THS, 7£J"’--IL‘|“§E
OLFL Lo LS E
30Mn>>24Mn-5Cr>17Mn-3Cr > 13Mn
&2 EOE O EE TR AR X i kA
- Tvvd, 30Mn Fiid 4 2 FUA{SKHIIZ L B
bl AafETH L ZEMIERIIS,

Table 10 Cutting conditions for drilling test

Tool Point angle Feed Cutting speed

® |[SKHS 10mmg 138° 0.05mm/rev] 4.4m/min

o K20 1dmm¢ 135° 0.025 14.1

Depth of hele - 15mm {blind)
Judgement of drill life : Drill failure

46 & Mn IERLPESRO) BT IERE

5 Mn JEEEME R O R A ME T B 72 R
ST AT 72, DA RTINS
M-50 X o FF ik T8 41T~ 70, REML, E4EM
¥ OEHESM B L CIRF IR SR & Table 11
(2avd, TR XOBEEI AR I By
CEBUTEE X AT, ThY P FRURESR
ol LRI BT TH B Z LMD H I,
B @E 0 EREN LRI LA EA L

fr, s, SM-50 DB HkFOEHEEN A
2 Fig.24 2R L B0 IGEEBIZIR S

_76_
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Table 11 Base metal,welding condition and mechanical properties and magnetic permeability of weld joints

Weld joints with same material Weld joints with SM50
Nominal composition
Steel . 1 PS TS vEx PS TS vExn
of base meta | (kgtrmm?) | kgb/mm? | (kgbom) | (kgi/mm?) | {kgb/mm?) | (kgEom)
HA | 0.5C-24Ma-5Cr 1.006 63 85 13.5 34 53 14.8
cc | 0.6C.18Mn-5.5Cr-INI-0.5V | 1 q06 49 85 13.8 33 53 13.3
p | 0.15C-24Mn5Cr-1.5AL0.3V | ¢ g7 33 63 14.2 34 53 15.3
Welding method Manuai — 50"
Groove -
Welding material MC-16 T
preparaticn 2 + I (
Plate thickness 22mm Ni
(mm) e -
Location of V-netch Weld metal — 90
T 160
.1ooa.> L2382 gusg 140
1006 12s7 Y, < 120
— L2 % 100
cc. B (BT sum = 0
1003 o/ %, @ 60
;40
> 0
125 R
D 11\2(," 2 sms0 %
10031003, AW 0
' R 60
Fig. 24 Magnetic permeability on weld = 40
joints of high manganese steels °_""_ 20
£3] .
ot
5o
E B0
HTHE)ERFMERIAY, T8, ZOEEmE B
N =
BEii> 74 b A a—7c kB E B IR e ik s a0
» 1+ ]~ [-
2k hikehiz, Fig.25 (23R8 %0 5 LRz SM-50 w20
- — ="
FDBHBRFERNFRABREREZ LHTRLL, -sg
B #FomhizgHo 2L L) LML TED, ® 50
2 I9RARAE I D SO AL b $ S B H & T L 2 40
—
Twd, ZhE 5MrEIIHA R, CC o— i Moo
0

DEBUEORBTRINTEREBRTRETE
L, DERTIRT~TEHNTELZ, ih, EH
HFE LA, HA 8- CC n— LR iaE I SM-
50 HERIEIZIKEL THE Y EiRA 5 400°C TR
EHE T ARl e, WL PS =
30kgl/mm® TH L, DIOBSIEE LA E LI
W A3 5 51400°C % Tld PS> 20kgf/ mm? &
Lo T, 2L TN rEITHA S CCHTIRY
~7 SM-50 T, F7-DEATIE 200°C, 400°C LA
o REIEEIZ 35T SM-50 1l TE L 72, Fig.
261>/ v FEBEFBESBRP IR LD

Test temperature {10?'C)

Fig. 25 Tensile properties of weld joints of high
manganese steels at various temperatures

EBHBFNL » L —HERBR-LZHBE AN
X¥—NPEHERETRT, FOWENBELERT
13~15kgf-m ZENEETL, HHE "MC-16"
NEHEBNERBEZNLDOEFRLTWE EEZ
Lia,
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20 T T
| O HA-SM50 ]
& CC-5M50
5l O D-SMs0 |
12— -
e i
b
=
& sk -
Ed
4 —
[\ 1 |

—196°C RT
Test temperature

Fig. 26 Charpy impact energy of weld joints
of high manganese steels at —196°C
and room temperature

IOk 91 Mn 8 E M #EF o 20 EHHEE b
DRMBF 2T CTHATLEHDTEL, U

BRI OV TR ZORBLSNI LFL VAR
PAIThI T 5,

5 &

5 Mn JEREE SH O BB SRR RIS A & A ELEE
B b S I T B, BARSTH D
CHIU MnEEEHR~, LHATFE - AR
WAL AESR, L ZFMELREL L,

F L THMBRE MO B L CTEM O/
PR HET 5 72012 St E & E R LT H 2,
ok, RIGHMARB TR TIEL, RIFLEN
HIBRLILA D BRSO, S LHIZE Mn I
FOEBSA~NISFF L L iR
BEBAHBOE L Fu—LHE ) B, BED
PR TN & b b THRBRBRERL H T EER
(—196°C) 7 L ERiRIC b7 B HEWEY - PRIV
Bk BT Scow TRk L 7,

LI A58 Mn JEREE ST BN AR E A AL,
LipkEa OBBICHEBREEIIERENTOLD
FHATFEND,

2 % ¥ W

1) AAZKRAGSH @ FRekEE, (1962), 1455 (A#%)

2) HEIE  BAREREFEW, 16 (1977) 10, 681
3) R OER D BEREEESW, 18 (1979) 8, 573
4) HEAE D BREEESE 27 (1963) 8, 376
5) H.Shumann : Neue Hutte, 17 (1972) 10, 605
6) A & FETREE, 28 (1979) 5, 8

7) A EE  EEk Y F T 7, (1975), 397 (B EE)

8) iEfa, &0 BEEHE, 3 (1968) 2, 67
9) FEWE, % OFEGEMFESH 7 (1968) 5, 263

10) iFfi R B K7 2, (1975), 341 (HEHE)

11) ks, JEm, TP, iR, oM, fEdE, —WC BtrdE, 67 (1981) 2, AB1
12) fEek, W, FE, (BR Kk k-8 66 (1980) 4, 5351

13) IR, 0 O S otiEE, (1980, 9), HHEETLI06

14) K.J.Irvine,T.Gladman, and F.B.Pickering : JISI, 207 (1969} 7, 1017
15) BLABEHITIE S b FERRIMATE (1969), 123 (BLT2E)

16) hndE, BEA, N, TrE gk, 65 (1979}, 832

17} ASM#& : Metals Handbook, 1 .(1961},834
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