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Tron Loss of Toroidal Core of TiN-coated Very Thin Grain Oriented Silicon Steel Sheets
and Observation of Domain Structure by Bending
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: In order to clarify the difference of iron loss of single sheet and toroidal core and domain structure of TiN-coated very thin silicon steel

sheets, TiN coating by the hollow cathode discharge (HCD) method was performed on polished very thin (0.10 mm) silicon steel sheets. Iron
loss of single sheets and toroidal cores after domain refinig was measured. Also, domain structures of (011)[100] single crystals of silicon
steel, which were chemical polished, TiN-coated and then domain refined by scribing with a knife at 4 mm widths perpendicular to the rolling
dircction, were observed by electron microscopy under (a) straight, (b) convex and (c¢) concave states.

0.10 mm TiN-coated very thin silicon steel showed ultra-low iron loss of W;.5,=0.12 W/kg with a single sheet measurement after the do-
main refining, whreas similar iron loss with a toroidal core showed minimun valuc of W,,,=0.12 W/kg after 700°C annealing, being good
value of building factor (B.F.) of 1.0.

The domain structures with (a) straight state obtained by TiN coating and inducement of a small local strain by scribing produced a drastic
domain refinement, whereas that with (b) convex and (c) concave states showed further domain rcfinement. Also, the domain structure of (¢)
concave state could be observed after annealing above 873K.
grain oriented silicon steel; ceramic film, ultra-fow iron loss; TiN coating; hollow cathode discharge; very thin gauge; bending; amorphous
alloy; toroidal core; building factor; magnetic domain.

TEILT 7 ANEDHEEE PO FLIRIZEBENTHES
FE L2410, B ORIEA 20~25 um FEE & M T
HDHBEORRPIEAINZEARL T 20—
FT—EORHIT M LEAI L 2 EERB»EI 52D T BE

BEETHL LEdbE, AX VT L—F 17 (h%ekkm
T B , hollow cathode discharge (HCD) A ) 12L& D
TiN % #8 L 2RO 2 # AL, 7ELT 7
Z BGOSR X 3 K U 72 M SR oD g
TEMEEY LB L 22 RIIOVWTHE L=, T4b
B, TiN #7383 M D A X HE O3 L % DR XURRIE 1
%mmmﬁwuwmt@%hQML,_@%mmi7
BT 7 ABER 3 KA U 2 R & 2 IEA %
THbH I EHERRT,
WHHEROZEM 4 + 7 v 2O U TR
T 55403, EERAIR O BAR 4 JE U 7= B O ghiafa 4 5
HIZ LTS, Lo L, HRSKRO X5 S
BHIBWTIE, Fig. | OBEAKTRT LS 12, wm&D 7
YRIZHBL T EOPIRBEART N T v AR HEHER
HARDZEMOPABMED TR ENDI LT 4 V7T 7 o
2 — (BE= I 7 v A HHgH) 2/ & &k
WTHEHETH S,

Very thin silicon steel sheet
(0.1 mm thick)

Convex
N iTension) A

Compression)

TiN

(b)
Building Factor (B. F.) =
Iron loss of tranformer core
Iron loss of silicon steel sheet
(a)
Fig. 1. Schematic diagram of wound core and building

factor.

T 1245 A9 0324t

Sk 12457 F 18 113281 (Received on May 9, 2000; Accepted on July 18, 2000)

* JIEELEE (BR) fHHEFZ2AT (Research Laboratories, Kawasaki Steel Corp., 1 Kawasaki-cho Chuo-ku Chiba 260-0835)

703 I



. 704

$% &8 Tetsu-to-Hagané  Vol. 86 (2000) No. 10

DEY BREL BB ZENBEIRTNWS,

—77, TINtEEBEERMREHNT o4 2Lgiis
AMEL2HAIC W TE, WAHRIE A — At ERSIR I
HE L TBRIZENR DD, PELT 7 AHEDEHIZH
BLT, SIEREDEAZHL TS, 200 I0OHE
HW T b oA RO ERME L Z2BA12E, thiymL
EARIZKBHBRESRT 5T ZOREITEBEL KL /H
BIhEWOTR B, EEL LN, BiTo—HratiER
FAM D BE (BE#ED BE &, 1.15~1.20, B850 BF .1&
0.98~1.00) MADRFLEAFLNZDTE A2 LT
BEhs,

AL, TIN#EBEERSR 2 T b a4 2L
ERMELALZOHBBECLT 4 V2T 72 4 —BE %l
ET DL T, ZOFEREERMIBIMIKD 503NN
IZHNT 7= REED REX 58 23 & ORRIZZEIL T B 2 12D W THE
2L,

2. EBRAE

EEICH W 2R, 023 mmEO —HHAPEERHKO
B [ZOFEME D1 C: 0.043 mass%, Si: 3.31 mass%,
Mn: 0.072 mass%, Se: 0.019 mass%, Sb: 0.023 mass%, Mo:
0.012mass%] TdH -7, ZDHIEHIE 30 mm <300 mm i
PIMF L, 2D 1073K T7.2ks D EAHL D Biglith, SST
(Single Sheet Tester, B aARME) T SUREE & HIE L 7=,
ZOFEBRIZEOTT, BAFEIRRORE (MEEE
BT 1.93TLL BT, 8 W,,,(W/kg) 30.88~0.91 W/kg)
RS> 5BATHEHL 72,

KT, ZOHERBAROIEPENE LA NaOH P RIE L
TRREL, X¥51210% HCI (353K) HIZIBIEL TT 4L A
774 b FTHBEEERE L=, Z D% 3% HF & H,0,H
TIUZEWTES % 17 > CHERSIR & SEE L L 7=,

—7, BEBSRHOFAEE, (011)[100] HhHzizHARRIC
R RS AW, T4hbb, 552 UCOHHER
PRI R U 72 K& e 2 RIS SOR & 2 EH 8BS T B
HIEEED 2 LT, ZORSEHARA 011 mHR?» 6
DAEDOTHAND<I° LA, [100] #H KA, 5D AEDS
NBRD<ICLIAT, DZD L X202 kEHENDORE
H20~30mm 2K = < KE L 7= (011)[100] F5HLD 2 K i
aR D A% FR U CHEMSRR L UTHWA, /2, —F
PR EE RS IR A DK & BRSSO RO R ES T
i, o By DTN EDAEH (011)[100] Hih 5 1°8
WD 2 REHFE SR 2B A L THWZ3DTH 5,

ZO0%, Ihoo—JrmMEHERSRG LU 010)[100] H
7 oD HE 8BRS S oo &Kl , BT & 3% HF & 97%
H,0, CILEHBEOMADEIZ LY KR4 FEbdT sk
BIZ01mmDOBEDOREICL LTz, &k, {LEfE%
DORBRIEIZ, FHTRIRD 20 2 kB R % P54 %

64

ZELEIATREL &5 7280, {LAFBEORNIZIE, (011)[100]
FROHERMEAESR OBR AR L TES DE S 5,
{L2ERTE % DM E O — F RPEEE RS 3 & U (011)[100]
HROHERMEA /ORI LD TINGEE L, HCDXE
EFHWTIT>72, ZTOHCDEREIZ, 14 Y {LEOFN
(43%) IKFEE (40V) - KEH (500A) DEMEAFTH 77X
YETE—EHOWTI—FT 4 VI EITOORHEMTH
5, Zho0HERMABOTING —F 1 V7D HEE,
TiN % 858 U 7= o - Rt HERHERD L RICAET
T-7%. Thbb, HODEIZE B A AV L —FT 4 V7
AP, BAYT — D 20kW, BRI A ILST — I 1L5kW,
PIEES - 0.093Pa, /54 7 2BIE © —100V, FREE
673K, WJEMEE | $0.1 pm/min TiT > 72, Bk, ZOL
EDIA—F 4 Y HBOTINOREIEL, $0.7 um THRIZHIE
ArEHAWTHEIE L, 2612, ZThsHERFRARD TIN
I—F 4 ORI, BRI ESRARERIGED 20T
A—F 4 VP 5T, ZORBOFERIZED, 3—74
v HROERFROEE BT, @RI
GEHE OIRIIE3.5MPa) 12 & 0 BEKFFME 4 KE L CHEBE
BLABETZZ0O8MTH 5,

TiIN I —F 4 ¥ ZHIR O RSO, MR Ex
HE L7z, 2k, AEBROTINHEGRE (0.1mm/Z) HER
OB, BURMUE A3 7230 12 B O EER S D B
WO 7 2 4 4 2 RIESEE TOMSRHED BE)EIE AR
BTHb, TORHTENLT 7 ZAEEHEHRBRERDOH
W RE 2 W2, ZOBE, 7ELT 7 ZAHEFR
BEDETFFEL NV EZERLRT 5728, W,,5(Wke)
DOFHEOREEZRE L=, X512, TINEMEEIERH
RO T XA oy {CALER L, FEAE 5 a1 1A 77 S 4 mm FATFR
THA 7 THNEAAREAL 2%, HORKHEEEHIEL
77

TIN#EREERFRO F o4 £ L8O R ES
3, TELT 7 ARED a4 Fgiy LR U AFETIT
W, P A ALEKHERES T ELT 7 AR THERL
EDERUBEETHRE L, $AabE, KEERD v A
NGB EEE 7EL 7 7 ZA85ED a4 XL
RO TGSV 2 B R IIRRET 37 5 =812, a7 DHEE%
60mm & U7z, £72, TINBEBEHERHFRDO tov 40
BB DRI, 673~1173K T 3%H,+Ar T 7.2ks D%
RSV 4T > 72 B TR A HIE L 72,

& 512, (011)[100] 17D HERE AL F L, [H
RO TIN 578 5 & O°F D% O REX M3 (LALEE U 7= H: 871
BHORGX B I3 7B (H-700) 2 VT, MBEERE :
200kV, EH : 25uA TIT -7z, ZOBXEBEL, BEIZH
HV ERUCHETEE L, T4bb, MIXBIEHGRHT,
ASETE— L1006 UTase i@l [Fla, BiRmEs
& LT, Fig. 2 @ (a) 1%, 30mmx50mm D TiN # 78 i
EER AR O WAMGER & SR 132 0 D 223K & AR



Observation of
magnetic domain

@ _ :
Specimen ¢

50 mm—eml Straight (R=0)
(b) '

ExARA

Convex (R=60 mm)

Specimen

®o

QO

(©)

U

Fig. 2. Schematic diagram of (a) straight, (b) convex and
(c) concave states for domain observation.
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Fig. 3. Change of iron loss [W,;,;,(W/kg)] of single sheet
of silicon steel from (A) chemical polishing via (B)
TiN coating to (C) domain refining, that of (D)
toroidal core. [Iron loss of (D) shows minimum
value measured after annealing treatment.]
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Fig. 4. Change of iron loss of toroidal core measured after
isochronal annealingat interval of 100deg. in
3%H, +N, gas from 673 to 1173K for 7.2 ks.
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Fig. 5. Domain structures of (a) straight state under (A) chemical polishing, (B) TiN coating and (C) domain refining of very thin
(011)[100] single crystal of silicon steel before annealing.
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Fig. 6. Domain structures of (b) convex state under (A) chemical polishing, (B) TiN coating and (C) domain refining of very thin
(011)[100] single crystal of silicon steel before annealing.
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Fig. 7. Domain structures of (c) concave state under (A) chemical polishing, (B) TiN coating and (C) domain refining of very thin
(011)[100] single crystal of silicon steel. (A) shows domain structures after annealing in flowing 3%H,+ Ar gas for 7.6 ks

at 973K, and (B) and (C) show that doe 7.6 ks at 873K.
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Fig. 8. Schematic diagram showing difference of domain
patterns observed under room temperature in con-
vex and concave sides.
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