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CULE S

ABFHARBE—FFe TR EHMR > AT E% > A5 TH Ry, EmR 4% 0.005%L T &)
C ~ 1.5%~4% Si ~ 1.0%~5%#5 Mn ~ 0.1%A F 8 P ~ 0.005% A F 84 S ~ 3% LA F 4 Al ~ 0.005% 4 F
89 N~ 0.0030% A F &) Bi - BR&h3 0% Fe R RTE £ E J AF 04 THimsax  2F
0.005%3A F 84 C ~ 1.5%~4%u4 Si ~ 1.0%~5%%5 Mn ~ 0.1% 3L F &5 P ~ 0.005% 2L F &y S ~ 3%IA T 4
Al ~ 0.005%3L F 84 N ~ 0.0030%32L F &4 Bi > i 44 E A 0.0005%~0.005%#4 Ca & 0.0002%
~0.005%8) Mg 2 ¥ 4§ — B > B{EARZSH Mn 4B > TRARE ME R HIHAFHK
B -

This invention provides a nonoriented electromagnetic steel sheet. Based on mass percent, the
nonoriented electromagnetic steel sheet includes the following component composition: including C of no
more than 0.005%, Si of 1.5% to 4%, Mn of 1.0% to 5%, P of no more than 0.1%, S of no more than 0.005%,
Al of no more than 3%, N of no more than 0.005%, and Bi of no more than 0.0030%, and the remaining
part is Fe and inevitable impurities; alternatively, the nonoriented electromagnetic steel sheet includes the
following component composition: including C of no more than 0.005%, Si of 1.5% to 4%, Mn of 1.0% to
5%, P of no more than 0.1%, S of no more than 0.005%, Al of no more than 3%, N of no more than 0.005%,
and Bi of no more than 0.0030%, and further including one or two selected from Ca of 0.0005% to 0.005%
and Mg of 0.0002% to 0.005%. Even in case of containing a large amount of Mn, the nonoriented

electromagnetic steel sheet has a stable and excellent high frequency core loss property.
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/NONORIENTED ELECTROMAGNETIC STEEL SHEET WITH

EXCELLENT HIGH FREQUENCY CORE LOSS PROPERTY

® (3]

A3 R — R P RS - VB R %R AT
R © &8 0.005%LLFH C 1.5%~4%H Si~ 1.0%~ 5%
Mn « 0.1%L0 T #9 P~ 0.005%LL FEY S - 3%LLFEY Al + 0.005%K5L T
# N~ 0.0030%L T#9 Bi » HRIERE5 S Fe R ABMBNME ©
HEESUWTHRSMER - &FF 0.005%LLTH C- 1.5%~4%Hy
Si + 1.0%~ 5% Mn - 0.1%LL & P~ 0.005%LLFHY S~ 3%LLF

@ U ALN0.005%LUTH N~0.0030%L1TE4J‘ Bir M &H:EH 0.0005%
~0.005%1) Ca B 0.0002%~ 0.005% Mg ~ h ey —FEE /& » B
FEAEKEEHE Mn WEEER  TEEREMERNSHEIRERK
ﬁ °

[3Ex]

This invention provides a nonoriented electromagnetic steel
sheet. Based on mass percent, the nonoriented electromagnetic

steel sheet includes the following component composition: including
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C of no more than 0.005%, Si of 1.5% to 4%, Mn of 1.0% t<; 5%, P of
no more than 0.1%, S of no more than 0.005%, Al of no more than
3%, N of no more than 0.005%, and Bi of no more than 0.0030%, and
the remaining part is Fe and inevitable impurities; alternatively, the
nonoriented electromagnetic steel sheet includes the following
component composition: including C of no more than 0.005%, Si of
1.5% to 4%, Mn of 1.0% to 5%, P of no more than 0.1%, S of no more
than 0.005%, Al of no more than 3%, N of no more than 0.005%, and
Bi of no more than 0.0030%, and further including one or two
selected from Ca of 0.0005% to 0.005% and Mg of 0.0002% to
0.005%. Even in case of containing a large amount of Mn, the
nonoriented electfomagnetic steel sheet has a stable and excellent

high frequency core loss property.
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2 EHERAEH
(AREEHK - BF > BOEEED)
[ZHALR] SHEERRBRHEERNET R % ERHAR

/NONORIENTED ELECTROMAGNETIC STEEL SHEET WITH

EXCELLENT HIGH FREQUENCY CORE LOSS PROPERTY
[ £l ]

[0001] ABHEZFRN —ESAXBRAFTHEERNETRME
CRF L

[ SeryH1 ]

[0002) B&8)/JYEE (hybrid automobile) B¢ E &R E ( electric
automobile )AAK FHEZEH /N TR AEFRE 7 400 Hz
~2kHz S ERBERNZ RS R UEESHEREZENOH
Frf AR A mEERMER > HESHARFREERE -

[0003] B THERAEEARFNEE SRUERINELUREX
EEEEFH (specific resistance) - HE » WA WRER HFEFEL T ME
B NEHRRMENRIETEMESEESE - mABARELL
(punch) THRPEEEHE, THRGH » SMAEEM TR - HEELHEE - 2
S EEMAERNAEEN LR ERE - HEFRSHAKRER
WA= FEEE -

[0004] RTRSILER  EROZHRMSi-E2 > Si 2 EEM
fREENKMITTE » RLFEEWMTHE @ Bl - #EF Si B ImERIE
o MR RAREA - RMEALNETE - FREERLEMRENFE
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Z— » BEI0 Mo R Si G - B SifHEE > Mo BEIE A
RS/ ML —EHIHE SHEER TR > —HBRS SHREER -
[0005] PEBSAEZF A Lt Mn BRI ERI £l - B 2078 5
Xl - BrE—EEH0SEEGNL (EE%) ~25 BE
%H] Si~ 1.0 BEE%~35 BE%H Mn- 1.0 EE%~3.0 E%%
B9 AlBYEE S BN - X BEMXM 2 - e —&S
H3.0 BEE% L THWSI~1.0 BEE%~4.0 BEE% Mn- 1.0 BE
%~3.0 BE%H Al FWETAEERMR -
[ERA B 3Rk ]
[EF 3R]

[0006] [EF|ZRK 11H AFEF|FFBH 2002-47542 SR ¥y
[EA R 210 A FF%F B 2002-30397 3T ¥y

[RHEAE]

[0007)] {BR > EMEFZRE 1| REFNM 2 Frid ~ey Mg F
R0 T & 82 Mn B INE RGN - B I8 F€ (hysteresis loss )
@ MFEERESMHENEEBERDBARBIEDR -

[0008] AJHHARENRBRMATE B Ll R & 2 bd 32
B EEHNENRREMSE-ENEAEAKRESS Mo BERE  TEER
EMERNESERBEBTEENELSQMEEEMMR -

[0009] HARFZFAR TR LMRE > FIRNSR AT 895
BROMRKEBLOHR HERFR MnANESHNHNSHEE
BERBESUNERERFRMHEEM S AN BifFE Bt - 3
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R4 BIWSE » BlE Mn 285 MR ERERD SHEREE
MR E AR -

[0010] EREERBOARHEZT —EESOEEHEMER - &
FE &7 0.005 BE% U THC 1.5 BE%~4 BE%H Si- 1.0
BE%~5 BE%H Mn- 0.1 BE%IITH P~ 0.005 BE%UT
1S3 BE%UTH Al- 0.005 BE%LLTH N 0.0030 BEE%
LLFH Bi > BRIGRE S S Fe RAAIBBIHEER RS HK -

[0011) ABHMEF A BERARORFBER BT Llgks
MR LS - EMEHEEE 0.0005 HE%~0.005 BE%RY Ca K
0.0002 BHE%~0.005 BEE%H Mg 2 hig—ERFHE -

[0012)] X > ABEAMEHFHEERFAROTHRER  BRT Lk
RAMEBIS  ETMESEEE 0.0005 BE%~0.05 EE%H Sb
% 0.0005 BEE%~0.05 BE%H Sn ZHH—EHRE -

[0013) X > ABEAME A AEBERFARGFBAER  BRT Lt
AR DAA > ETEHF 0.0005 HE%~0.0030 H&E%H Mo -

[0014) X ABAWEHAEEEMKNBHRENR TINEE
BEWUT -

[ZEHRI R ]

[0015] REBAZH  FHAFFREEMSHEN B NS E
B Mn R IMES FABEMURIFNEEEESESHAEREAR
HEE RS BRI
QEE R D

£ 0.002
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[0016])
1 &R BIWEHE Mn B SHEEEIE Wi BB R |

&Ry B thiRE -

2 BFT Bi & EHEHERBIE Wi BRIV RE -
[E#GX]
[0017) EH% HABAFPNHBIEBOERETRHA -

TEBREANHMETEBRMMRME - WETHESE (hot
rolling) » 7E 100 vol%N, B3 T E i 1000°C x30 sec B ZVELHKE K
o ETHWEHEMMEKKEES 030 mm HHER - IEE 20
vol%H,-80 vol%N, Bi%ch B i 1000°C x30 sec By 3R K ( finish
annealing ) FiEFAELIEHE 0.0016 EE%H C - 3.35 BE %W
Si~0.013 B &% P-0.0004 EFE%H S 1.4 B & % Al 5 0.0018
BE%HW NBHSEEE (base) HE Mn7E£ 0.1 HEE%~52 &
E%NEHEBERNETEERAMABMREPTRK -
[0018] 1 e 2R LR ERAERKTRE Mo RINEHEER
B Wioaoo FIRERE - HERERATA - 3 Mo ki | BE% » A
BEEE Mn RINENEAM TR - &Z M5 1 BE%L EAEE
TR#4Z - 35 Mn i 4 BE% AIEERMEM - BTHREH
BHR - F|AZEEREFEMEE (transmission electron microscope °
TEM) H&%F 2 HE%H Mn B#IRETEHE » & RELST (grain
boundary) HEIZE|KIRAY Bi -
[0019] Hit  BTE-FTHE Bi HUEEHMERNEE &
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‘ BEREANNMETERE @ ABRRAEME R WELE KR - #

EHIE Wi LFAZLLEH 0.0014 EE%H C-3.33 BEY%
B Si- 1.2 BE%H Al-0.014 BE%H P~ 0.0006 EE%H S -
0.0020 BE%M N H Bi 92 E5 0.0010 EH £ %L T 8= #i 6
BESZ > B MnfE 0.1 BE%~52 BEYWHEBRNETSESR
T 78 D0 RS B T ke
[0020] 7EM 1 cHFIF ARG AR T AN ERER - B L

@ AR - EEATED Bi fY 5 EH#H AT S ELR KR T - EiR
= Mn AINE - FEERLLeRF SR RABISMR - #BETEE - 30 Fl
FA TEM#&F 2 BEE%H Mo (SIRGETERE » SRERFFR
EE B RARA Bio B Bl AR SRR - bt e RF 57 Y Sl AR o U4 BE
Z Mn RIDERII N 51 RER 88 XY R RER K Bi BT
H T B RO I v SR AR R IE A0
[0021] S—FAE ' 7fE Mnk# | BE%WIHFHRT  HELRIKR

@ B WESTMESWREBENISHE - HHEILGI/N > HEHERR
SEAME R BRMUERENRERS Mn S ERNHEF - AR EE
HIEEEN K Mn BY¥S B ZE 5| (solute drag) M N - HIEL&EA &R
EHRBEN BINEEMZIBRAZE -
[0022] Bi BESBHBEM (scrap) BAERHEE - #REEI
FERBRMFERAILERES  TEEAEXRNEEZHELR - MAE
BAERGAIEGEIREZREHIGR - R B EATME Bi & E/Y1E
JI7E Mn E EENERHERPTIGRBAMRE - EE Mn EESH
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o AR SRR R Mo 893 E Z 5] (solute drag) M1 T & -
FILRMER BiMZ &AL E -
[0023] HX R7THZE Bl SEHRBREXNNEE  £EE
ENHMETHERE  HEERERERMAEKRER 0.30 mm #iG
LR KA B IR Whoseow EALERE LIS A 0.0022 HE %R C-
320 B&E%HY Si~ 1.7 BE%H Mn-~ 1.3 BEE%H Al 0.014 B
E2%H P~ 0.0005 BE%H S~ 0.0020 BEE%H N WS EST >
HE BiWZEEME (trace > tr.) ~0.0045 B & %Y & B N ET
ZREEBMAMAIMNRE P -
[0024] 2 LM EERERRTE Bi S EHEEIE Wi
BB (R - B LAkiE 2 710 > Bi S &/ 0.0030 BE%LUT (30 &
Eppm BT KEBRETRE - AZBHEEEREREHRS Bi-
MESEKRERS - HERERTH - B 7 #H Bi # AR
RGN REE > FER Bi BB E 0.0030 BE%LL
T - ABHREN LEAFHEIREE -
[0025] HEK > $AFBANESGOEBRBRYRHMERETR
B o

C:0.005 BE%LLT

C2t Mn JEBILPIRIIT R - 588 0.005 BE% > H] Lt
Mn R xR EG TR SR R - KK EREES 0.005 B
B%-  BER 0.002 BE%LLT -

[0026] Si: 15 BE%~4 BEE%
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Si EEREESWMALLERMEA EHBHIITR - HLAHM LS
BE%WUE B—FTH EHRMNMESE 4 BE% RAIEEEE
( magnetic flux density) Tk > Kt EFREEH 4 BE% - BER
SiIfTPRRE 20 BEY% > LRE3.0 BE% -

[0027) Mn: 1.0 BE%~5 B&%
Mn NG RIBEEFNITE MEERRSHLLERM » EMmH

VBB EABHZEERS BN 1.0 BEEWILE - BT #

@ PHEFSARBIYR BERBFM 1.6 HE%LE - 5—FH
GRS BE% MgEEEFEETR R ER&EES B
E% BEBMiHTRE2 BE% LIRE3 BE%-

[0028] P:0.1 BE%LLT

PREBEBEEIRNITR  E2E8EB 0.1 EE%  AI#HR
BRBEEAMEEE TR - HIERHIE 0.1 BE%UT - BER
0.05 BE%LLT -

N

@ [0029] S:0.005 BE%LUTF
SHATHENHEE E2EEA 0.005 HEE% AEHE MnS
BOMT RN R - B EEE KX - Wit LRSS 0.005 &
B% - WES 0.001 BE%UT -
[0030] Al:3 BE%UT
AlE SiE#  RERRESHENILEEMRO BENTE &
AINEE 3 BEE% AIMBEE TR KN ERRR 3 EE%-
RER2 BE%UT -HE B AINESERWO0.1 HE%  Alg
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AR AIN MREBESA NI ER - R HEEEN > REBRERT
PREEE 0.1 BE® -
[0031] N: 0.005 BE%LT

N ZEERRFBAZHFTNATRBZBHNHEE  ESESE
@K AIN WITH ARSI R R - BEEHEEIN - Hib# ERIR
HI7E 0.005 BE% - BER 0.003 BEE%LIT -

[0032)] Bi: 0.0030 BE%LLT

Bi EAZHATEHSHEERBEREER TR ENEERY
HATLE > W B E 2 Aran B Bi = £HEE 0.0030 HE% >
HIfRIB &8 K - Kt > Bi RAHIZE 0.0030 BE%LT - BER
0.0010 EE%LLT -

[0033)] AFEAME M EERMEREESRT Lt 555 HE K
Aok #EM&H Ca k Mg PRE—TEME -

Ca: 0.0005 BE%~0.005 BE%

Ca BB KM AY - 8 Bi &4 KL - /AR
HBIWESEE BUBEBENTE BTESLERRE  BER
70 0.0005 BE% E-HZ  HEHRIE®R 0.005 BEE% R CaS
MITHESSRL BERMEMN HLRES EREERS 0.005 &
E%- - FEB CayTFRE 0.001 HE% E[RFE 0.004 HE% -

[0034] Mg : 0.0002 BE%~0.005 BE%

Mg B#HERELY 0 & Bi #atTHmMERL - #MERK

M BiWELSTE  BOBEBHNTE - BTES LR » ®iE

51558pif 8



1551694

\
)

!

BYNIN 0.0002 BE%LA E-{HZ  ELIHEE 0.005 BE %MK
HELMR A EERRA LA > B EES ERES 0.005 BE
% o BEES Mg TRRE 0.001 BE% > LIRS 0.004 HE% -
[0035)] X ABHENEFAEEERFARBERSRT LligsE
RS ETMR BT RS -

Sb : 0.0005 BE&%~0.05 E&E% > Sn: 0.0005 EE%~0.05
BEE%

Sb & Sn EENELE (texture) > MEHEFEHRR > W
AT EBRE S A B 0.0005 BE%MU E - EER 0.01 H
BE%LE - BE > HINEE 0.05 BE%YEHMRAIM AL - Bt
BMAERS FREKFE 0.05 BE% - FER SbAY TR Sn 8y TR 5!
5 001 BE% > SO EREK Sn#y EfRSFIR 0.04 BEE% -
[0036] Mo : 0.0005 BE&%~0.0030 BE% |

Mo EH T R KR #SE R R - K&
fE S E N 0.0005 EE%LL k- B > %0 0.0030 BEE%LL EEE
B EER/ES  HEBEXWMEN  AEBRERS ER&RR
0.0030 BE% -F{ES Mo B TFIRE 0.0010 BE% > LR 0.0020
BE% - |
[0037) Ti: 0.002 BE%UT

Ti EERBREYNTE  E2ES  AREAYHITLE
BEBLMERSMNEE  EEBREEX - B - EXFHSD
Ti B BRI 0.002 BE%LT - FES 0.001 BE%MUT -

51558pif 9
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[0038] H¥H > AFEANETEMEBEEEART » Ealigos Lo sy
FIERE 5 Fe RATHMRBHHEE - HE  REEANEBEELRFHY
ERMRWEERN » IAFERHMTE -

[0039] HR» HAFUHRETS MEEHRMRSGE S EETR
HH -

2 2% B Y A% 07 () M RS AR B B5E T vk R B sl AR BY o3 M
REE S P AN EE RN ETSEE - B ¥ PR ER I DU RS BR 4+
TR RIFR S > FI7EEE 8 F R 58 75 17 M R R ol iR FE R By R 14 T AT
BUSE - Blan > AIRI A0 T J7 B 2R &3E © FI| FI #8 5 ( converter furnace )
HRREEEESE @ HESN A FURY Ao HE B E 17 & 5

(ingot) » i F& HEMEF S HIEH (ingot casting) - BRELEFTN
B S E AR (RMAE (slab)) & - ETHAEK > WRTEEE
TTEELIRGE K - AR — R G EL BB HE PR KM XL L
HWELEMERERENRE » RRETHRMEK -

[E s

[0040) $FAQEIEIR BRI K (molten steel) 1T BR5RE BE I &=
HHREAER | IR AR - ETEABSMHER
SHIL > WHEST 1100C x1 hr BRI MBI & - TR BELEAE R
BEE 800 CHIZELEL - £ 610CHIIRE T E (coil) &M
BIRRE R 1.8 mm BYEAELIR - 23 0 B L BAELIRFE 100 vol%N;
BREREM 10007C *x30 sec FAELFRR K2 & EITwELE MR K

WEE 0.35 mm Y% ELIR » i 7F 20 vol%H,-80 vol%N, EEEh » &

51558pif 10
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)

e 980°C x15 sec B B Gl K1 & B+ BLB KR -

B ESHNSER AN Bl TaARIAKEAHT EYH
& 30 mmxf% 280 mm RYE HATHEFAER A o AR JIS C2550 > HlE &
18 Wionmeo RGBT E Bso » M HBR —HEBHNE 1-1~% 1-2
e
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