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Abstract

Electrical steel is a functional material, also known as silicon steel, mainly used
in the core of generators, motors or transformers. The insulating coating, coated the
electrical steel, has the function of providing the insulating property and the corrosion
resistance. In addition to the insulating property and corrosion resistance, the
adhesion property of the coating is also the element that determining the quality of
the coating. China Steel Corporation is currently developing a trivalent chromium
coating (C628). This coating has a good adhesion property on some specific grades of
electrical steels, but some are not. According to experimental observation, different
alloying elements or annealing temperature will seriously affect the adhesion property
of the coating. Therefore, the main purpose of this study is to understand the
relationship between the surface properties of the electrical steel and the adhesion
property of the coating. Hoping to make the current use of the insulating coating
more comprehensive by solving the problem that affect the adhesion property.

In this study, the surface reactivity of the electrical steels with different alloying
elements is analyzed. The microstructural observation showed that the structure and
the composition of the oxidation layer on the surface of each type of steels are
different. For example, the surface of the 35CS250 electrical steel was a mixed layer
with alumina and iron oxide, the average thickness of the layer is about 25nm; the
surface of the 35CS250H electrical steel is only an alumina layer, the average
thickness of the layer is about 10nm. The difference of the structure affects the
reactivity of the coating process, resulting in the difference in the bonding strength of
the coating-substrate interface, which affects the adhesion property of the insulating

coating.
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In addition to the surface structure, the property of the coating, with or without
passing the stress relief annealing (SRA) process, were also studied. By
microstructure observation, found that there were several major differences on the
different adhesion property of coating. That is the thickness of the insulating coating
and the size of the crack after annealing. The phenomenon of crack formation is
mainly due to the crack of resin, resulting in the volume shrinkage of the coating
during annealing. It is found that the adhesion property of the coating is related to the
size of the crack after annealing. The average crack size of the coating on the
35CS250 electrical steel is about 350nm, having better adhesion property after
annealing. The average crack size of the coating on the 35CS250H electrical steel is

about 450nm, having poor adhesion property after annealing.

Keywords: Electrical steel, insulating coating, antimony, oxidation layer, adhesion

property
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W T Y WA HBEES P REDEAR > B AW M APl PR
BT 0 A2 i 2454 (total core loss)» $i] o ek & i deFEF A S R
& % ehlda 1 13 A [18] -

é}gkﬁ‘ - %&éiﬁ]ﬁc@é’l% F R E o A RROTIT A TN

“Z ‘1B
v 5 lgp

—N

B B do r TRAAR S Y > (B s e 800°C ~ 90 A 48T N AU
L

45 I % > 4o] 2.4 ch AES A4 % 0 SERUEAHE L 0 &

F_&
g
~E

P EEFG 008Wt% i hi¥ i A G R 4rF L 50at% 0 Tk

2

AT eI % 4p § P OAE[3, 18, 19] -

Al
e
&
%
Pk
=

323 FEH R A E R4 £18]

Code C Mn Si S Al Sb N
A 0.04 0.35 1.08 0.005 0.26 <0.008 0.008
B 0.04 0.37 1.09 0.004 0.26 0.09 0.007

7. 2.4 B 7 £ ¥ 7 g 18]

Relative Permeability Loss at 1.5 T W/kg
Code (jpum) 1.5T 17T Py Py Pr Py (m
A 72.0 1950 380 5.14 2.38 1.32 .44 21
B 87.0 4000 490 4.57 2.14 1.32 1.11 1.8
*Measured at 60 HZ
Py —1total core loss Py —eddy current loss T —Tesla
P, —hysteresis loss P, — anomalous loss 7 —anomaly factor
9
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100 |-
- — Fe
uZ_l 75 Sb - .08 WT.%
8 S - .005 WT.%
w ANNEALING TIME -~ 80 MINS.
o 50 ANNEALING TEMPERATURE - 800 °C
o
=
o
ko2

—Sb

0 1 1 1 A 1
0 80 160 240 320 400 480 A

DEPTH
Bl 2.4 & ~% 5 8455~ 15.5% % (AES)[19]

PR R QVERY STRITOI A BBRERT S frn
HBANFAP g 2GR Y o BAMY DEAF LTS AN B
25 F B A F i 2 ANESF RS P UM E TR R B
1000K P& > &6 =~ & eifs 4o 30 7% § IR % ehdr il 4p 3 P &R o @ (2907 = 0 AIN
CEF R S PR AL RS 2 - [18] 5 i § D
AN 17 31 ¢ Bod B8 Soechd £ 5 %% 14 5 et [ [12,20] - B 2.6 5 %
Fre SEI VB E LR LA VB ES R RF ERI P T
RS F e B DA EIRE o 4k BT B G BRLhE R[20] o Fl o B
F b 2 VL EEIINPE RIS A G o FrdliBF T R0 AIN end
oA RALELBELEPBE LY o B Y PR ERL

TS ¢ B e

700 04
600 O
g pof O
-
o 500 :
g L S
2 &
; 400 %
g - 5 0.2 |
2 300 8
a2 8
o =
s ol :
g 200 |- 8 o1 |-
z B <
i<}
100 - £ O
Lx”
-
0 0 I | I |
950 ~ 1000 1050 1100 1150 1200 o 50 100 150 200 250
Annealing temperature (K) Nitrogen absorption (p.p.m.)

Bl 2.5 & i s {5 § R Bl 2.6 /%% & $H4845 B % B1[20]
A ?L\ /T 4 . . SbO
O . szOg[ZO]
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YRR RRRNCEr R R R R S L Rt
Bu @0 AT R R § R LY (111) & chd o & (100) 2
(110) & & e £ » @ 4% 5 ¢ chliag e 4 | 3 2 [21-23] > Bl 27 % 4*

HA PG Ehd AR HEEH P TIh R PR E d PP

F_&

5 e R AR R T R TSR L RS R
BRI 4 TR R R PRSP LR s LR
TR W28 5 A R R R B P R 8

i be B 5 0.045 WLYRE o FEF T 01§ kit S b A g R

34

B i 0.098 WLYORF » i 5 chiltT G F A § B EL B HFS Rt f £

AR Y PT RR A [24] -

150 ACRD 76%
145 #CRD 81%
140 A m CRD 84%
’g‘ 135 A L
- 130 4 *
N 125 ] A
E 120 . *
& 1154 n
110 4 u
105
100 : . .
0 0.045 0.088
Sb Content (%)

B 2.7 47z 28 &k~ ] M %HE
(CRD:# #*; %)[24]

1720 - & CRD T6%
A # CRD B1%
1710 - B CRD 84%
— *
= 1700 A A
£ A N
2 L
m 1680 - ]
1680 A *
[ |
1670 . T 1
0 0.045 0.088
Sb Content (%)

B 2.8 & 7z LH TR ILM HEI[24]
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222 %5 F i kg

855 e R T G Y PR BRI 0 g HHT L e A

=11
.a,\

d\sw
-g=

FRORGAPE oY A IVERY CEAEEEr I MM AR S
e E) 5o —

R & 4pk B B4 4 » 0 @ Lyudkovsky % o

o

WY s AR g RPN A G F B R[19,25] -
Lyudkovsky »t =~ kv Ex A dp 2P e 2 A R 2 £~ E 0 FiBIN

o2

=

Dy 4
=

5

=

4
v

SHRF R EARDLN 2957 s A

L

PR R G RS % 0 A W 210 P15 4 0.05 Wios Ak R

N
}

P

%uﬂ%M%@ﬁ?u%mﬁﬁiﬂﬁﬁﬁﬁ%ﬂ’%iiﬁi%ﬁ%H’

B 2.9 7 7454w 5 F 1L Rk ELZ[19]
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TR EN B AR G R NERY BT A G & Rk B OAES SUF
TRl 24 H5r oM F iV KA N an? VA B AR Y GuUERItL A o
P A RF A AT oA & AR S IRACE 2 By o
HEY A THAAE FEERF ERFLLRE AR O B E A
P22 F P S EFRERAFE LA BT R EY
PlFrd] o RIFLERFFERBICIEAG FRITAEBEELREZ AHE
FRIEM ERFCOERZRELINU A BRI LVEF KD
BAR W21 54 *F4t p i R Ak KBVl AHER
25 P RER ] BY B EFESZER 4D 0.08WE% 0 ViR
AT G WE2 PR FRE LRI B4 R F IV F R T
Zo ¥ VR enBE RS FLT 3um - [19]

TR A R R PR D IR o PR 2N R T
PR ke BRn A AFLY > BEARORER LE > PREEAZ
XA ATE B A G o ERE S LR A R AT S FIVY
S gt A R RS A KR o 2?30 Sl e 8%H2-92%N, F
4 T2 800C ~90 A48T > BEEER S422C > BRERZ T VEFE ¢
BE BTy PR S 2B AR RATIER S AS A F RN E S
800~900ppm » @ & = ¥ #ET T 2 Z AT RAA S 04 91 G 400ppm o S

FALE TR ERFBIH A FTRERE -

g 16

@ - TIME: 90 MIN.

u =

Hzl 10: TEMPERATURE: 800°C

s

I L

L -

w &

EI -

0 F

m -

g I 1 1 i i i - - .. | 'l L i £ J
7] 0.02 0.04 0.08 0.08

CONCENTRATION OF 8b, wt%
B 211 &7 £%3% “ & 5 &M ZE[19]

doi:10.6342/NTU201703937



23 REA S B HYW
231 #Mp e
RREM RS BEAREROBCHE AP ETERIEIE
ST 0 MR P T AR 2 S e Y B S 0 & AU M
WM adp 4 o @ B BT TUBIE[26]4 & 7 0 A S EFE A

(hysteresis loss) 2 ifs i 4f % (Eddy current loss)= f&[27] » & fa4f 4 e/ 5340

B gueng KA & K p FrdliF R RAE 4 0 JF 7 on(Eddy current)ing A

PP RBE R AT Mo A v P AR 225N (23)F M

KBhaxf?t?

P =
¢ p

dARTUFER LRI OR B o mRE R M s S

PALORBERE TILEG Mo T F AR BSARG Y fonE i

e
B
e
B
s
%g_
%
E“}\
Ee
3
[
|
e
&
A
W\‘)
I
R
A
(7
3
p}
[
&
=F
3

FORRETER CBSIRF{HER L ERRE DT B T

3

= B E R GG 0.3mm~0.5mm 7 Ak el 2R H Y GGk
PRI A R R id X A E Pl B [28] o 4 F] 5 4K Y Pl ¢ 4

PREEESE ARERE  TRH LG FET B

il

%5}

R e e R 0 BB NIRRT S R 5 0 e
Fla B4 ok > B 202 5 TR il % 8 45 9(0.5um) 2 @
4 B 35(3.0um) = fA MR T B ©@[29] - 14§ 5 55 (3.0um) 5 AL % > e-d
AFBCTH A TUBE B A RER > VORI F UL E gty
BRRENTEG R Y G RS A2 0 4 BB 8RR i L e
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BEROERE c a GREPER S BEEE PR B X G

A RGEL AR 212%BIEEY > BB AR B AL L G R

Fehd IR o

Data relative to thick coating

26|
S
)]
8 5 F Uncoated
-
1=
o 4r
7
©
£al
=
‘E’I 2. o o -
w . :
® 4 | Thin Coating
o
0 Thick Coating
1.3 14 1.5 1.6

Peak Induction B (T)
B 2.12 3 % % wo4Has 3R M (2 B1[29]
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232 s
TEAYESETIR SN LR YRGS 0 5 Nl R

=TI WA

Wi
E:D
E
g
>
*EH

3 B AR 199 ASTM chas 4 > 5 5 % 007 1A 5
CO~C1-C2~CO %% 9t » H ¥ 3 & X w4 %57 & 48 M4 ity et 6y

2 His 7 bodpede o~ 0 w55 5B ASTM A976 -

BB AL S EE R B R 4 [26]c ML AR SR - SR

iy 4 A - & RA30] o AR d HIRIRR A 2 WAL R
w0k end fe o Fla M FIRE T B @ [26] 0 it TR Y N N ff R
FRZES WAL A Bed (N2 2 AR R 4 M

RN AE S B sl e B R
B2 ARG FE et iR nd gl g g
e A o FTH G RS v g2 R AR 9 F 2 L e e B 31, 32] -
B fmm e e 2 AR B L SEHRBES S S AYS B R
B A, RP — 0 — Fernit 842 2[33] » 2 w42 F 4o
Fe + 2H* — Fe?* + H, (2:3)

Fe?t + PO;~ -» P — 0 — Fe bonding (2.4)

o

g BT e By iRl RN R KRN e iRy R A
G BIMAPFH T R e 4R 2 RN nd 252 4
26 %777 > Sample A & %k d i@ % chz 4 ks @ Sample B R S BARL B
WA BB EETUER R G A 3P — 0 — Feshit 4ty
F B4R A e F M [33] 0 A s et BIAR A R LN 42 kAo

R -2 E
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2.5 %rgdusd e 42 E 4]33]

Specimen A Specimen B
Corrosion resistance © O
Adhesion O~A ©

-400
500 | -
S S
= N
— -G00 —
i}
= -
&
5 700
_B,DD |
=800 ] - 1
10 10 107 102 107 10
Current l',l'l"l.l“'.]

B 2.13 % m it & e Bl % [33]

4 2.6 % AR v 0 S HkRLS %3 B [33]

E o (MV) L., (mA/cm?) Ba (mV) Pec (mV)

Blank -677.49 0.2783 164.48 372.57
Sample A -528.07 0.0126 49.95 513.36
Sample B -583.87 0.1345 103.79 553.45

ﬁgﬁéﬁﬁ s _ﬂ"‘g/ﬁ?ngﬂ 4 p;p_*r,glwf 3 Pﬁg,}ﬁ—p , ;7]§4Eﬁj-saijg

=5
P}
E-D

DBl B LR AL B s T e R

i

S Ul SEARZARNLE R I G Sk L R L S RC LR SR R e gl e

To kg - G4 P xR € 0BRS fﬂ ¢ (SRA) @ #2[34] -

F]’T :%?:r’i'_ o
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Bl 2.14 7 7 Astig % i@ ox %s’il‘i‘%fl» B 2.15 7 #a % 5:@ v féq?‘ﬁB]

K LR R SRR S s g e e
ot 2R Sede K4 A % o F[2] 0 40 TEOS 2 Acrylate resin > )}% LA S I
Acrylate resin ei4e » § 24304 2 BT H 3T U (SRA)w e F 12 H B % e i
27 #5578 o e 05 F AR 0 R ATRILT SHTARAL B R B 4 Dl

o AR RIS EARRE L ek L A E K o @ TEOS 7 it &2

Ritad

ot i H o+ B AEae ] 216 77 0 2 e d > TEOS A gt Y

€ GiE- kAR fER Hfek B0 A0 A F 5t

ks
(0C,Hs) = Si — 0C,Hs + H,0 - (0C,Hs) = Si — OH (2.5)
HioF &
(0C,Hs)s = Si — OH + C,Hs0 — Si = (0C,Hs)3 - (2.6)

(OC,Hs); = Si — 0 — Si = (OC,Hs); + C,HsOH
or (OCyHs); = Si — OH + HO — Si = (0C,Hs); —

(0OC,Hs)3 = Si — 0 — Si = (0C,Hs)3 + H,0
or ~P — OH(phosphate compound) + HO — Si => ~P — 0 — Si = +H,0
BB BT A AP -0 — St c BiER R A g o
s H7g F F Art  TEOS ende » & ke F R 2 > 4 (8 19 L (SRA)H 42
o mANEHEEFRY KokF ek 28 chkkBlEE > H ASEB RS Y

N F e L % (2] -
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% 2.7 Acrylate resin 4v » 1t & % ends 552]

Acrylate latex resin added to phosphate solution

Resin/Sol Interlaminar Adhesion  Adhesion
b ec:;:l ‘.cf; ' resistance before after
(by Weight) (©.cm?*/sheet) annealing  annealing
5/100 15.0 1 0~1
10/100 2.5 2 2~3
20/100 12.5 3~4 2~3
50/100 15.0 3~4 2~3
0
\ ,O\/
Si
N o~ \O

B 2.16 TEOS ~ + ¥

% 2.8 TEOS 4 » 1t & 44 % 3 e 49[2]

TEOS added to phosphate solution

Interlaminar  Adhesion Adhesion

_T ED?'{SOI' resistance before after
(by Weight) (Q.cm?/sheet) annealing annealing
5/100 15.0 0~1 3-4
10/100 12.5 1-2
20/100 12.5 2
50/100 15.0 2

19
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233 HuE
Eﬁﬁﬁ%ﬁﬁ%E@ﬁJKﬁ@ﬁ4iﬂ’ﬁiﬁ%%ﬁ$ﬁﬁﬁ§
2GR Any £ & > BB DRG0 T A 0 fRINE G % - b

e

e AE Pt 4 2 AR % 0 2 0 S e 2 T e Y LB

=

Yo EEAT oo

BRSO R G A o B 217 2B 218 57 w2 P Bz )
R R L R R B 5 R % B 217 ¢ F 0 B I R 30
FALEDAD oA gk P AR It h Bk g o AR AT 2 ehii
e R FIOR MR AR RA LS o ] 218

B

~

S
5\?—

SRR LA SRR FE N S A R
EDS & 474t ip] & B B efiten o 2 i BB P g L7 £ % LG BT A0

[33] 7 2 je¥ 2 Pl 5 BRSSP T H AP TR RS R APT g

0.2 um
c——

0.5 pum
J—

B 2.17 = i "3—% # o pLE[33]

0.5 prn

B 2.18 BApe B % R £ o BLR[33]
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BFSHE R A5 £ 29 3 KR FasirsEs o 20 7
5.C628 2 = Wt %% > m C6N8 -~ C6NM 2 C6N8-G i = f&7 F cizbde i
Weood %299 TSR B FEEESLT R R GEES Kind
PLBLAL 4 T G B 4T 0 D 8 B 4R CB28 B e o
FAER AT > 2 L R RET LRSS U e 4
o AR R T SRR 219 47T > B R T R s R AT R
FIA BRI AR iRk 4 R R X TIRB R 2[34] - A
PR R OR P F R S AR SRR Y AR
AR SRS

% 2.9 R 4 A 170 % [34]

Coated ES Bare ES
C628 C6N8 C6NS-G C6NM 50CS1300
Corrosion
¢ density (uA/cm) 1.10 2.70 1.40 0.70 17.50
Corrosion rate(mils/year)* 0.53 1.29 0.67 0.33 8.37
Anti-corrosion efficiency (%)** 93.7 84.6 92.0 96.1 defined as 0

* For iron, corrosion rate (mils/year) = 0.4782 = corrosion current density (nA/em”)
## Anti-corrosion efficiency = [1 — Corrosion rate coasne /| Corrosion rate ga| *100%

0
—O—C628  (E,=-564 mV)

] === CONSE (E,=597 mV)
=200 === C6NBG (E;=-614 mV)

- C6NM (E, =596 mV)
— Bare (E,.=710 mV)

-400

-600 —

{“'.
-800 \\
: W\
1%10%° 1x107° 1x107 1x10® 1x10° 1x107 1x107 1x107°
Current density (A/em’)
B 2.19 % il it & AR i [34]

Potential (mV vs Ag/AgCl-3M KCI)
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%A S e g R £ R R AT 1 220 5 %

)]?eﬁl SR BRSSO B 221 B TR PR S o B Bk 5 BY

5 CO6NM %2 C6N8-G = f&# "> /g F iR > H 3 ¢ SR 3 7
G AL R BT TR P [34] 0 A v e R Y g R

AL ARG EF LR A

Bending test

(a) 9 =6mm (b) =4mm (c) ¢ =2mm

C628
C6NS
Photo  -Ns-G
C6NM
C628 1.5 1.0 1.0
: 5 E
Ranking C6NS 20 1.5 1.0
C6NS-G 2:5 20 1.0
C6NM 4.0 0 2.5
B 2.20 % % 2REE 2 % [34]
Impact test
C628 C6NS C6NS-G C6NM
Photo
e Concave 20 20 3.0 35
T8 T Convex 20 2.0 25 35

B 2.21 % Wi iR sk B 5 [34]
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z

g

R A FIEL PR o A S AR g o RIAUEY Al 2

BB BT BN T T A (TEM)BL 4 R 8 6 ahd 0 A 4527 248

‘Zﬂn

R GF R iT A AT R BB R T BT F R
FH S R G i o 1% Pk g iR o R 8 5 e
CIERE R A=Y

B RGO BEE FEAE  BEALR S AR G

LR ¥ e AES 22 XPS & (R BB (THUEA T B BT RIA L E
P fas A TR o b vh o 4 e PRASEHE A B USIE B R T N 1 g iEeh

N
-~

PR TR Rk ST el AT ;;:% > T ﬁ;ﬁ -}‘j-/i' WA 4 ;’ﬁ;&:% ° ﬁﬂg‘fm%ﬁ
e e » SEM 2 TEM i& (7 jLinl ; B r R PR 7] R
Bl A E[RE R SRER R BRI RSP m AT S G R R R

2Rk TR A AT o
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[ 35 & BEA T ]—) EIS 4 47

N
ey
S
g
=
o
J
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a 3 a 3
[ LSl sl J% A 1 > SEM A f+
" _J " _J
o EDS 4 45
/R A >
L 17l OXPS A4
B H A Sl TEM & 45
o J G )
/ a Y a Y
o N b L ek ol e
R e J% RO E RE > ?_ 0
[ \ ) _J " fﬁ ‘-Z'é"%; _J
.
X . s L
0O R R > e
\ / i _J \ ’EE&IL Eb ‘%ﬂ _J
| TRALSRA
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e S Sl TEM A 4%
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3.2 %yl
TR NG R FABTEE NSNS BT EE 4
PR 5 A > @ P Rl d Styrene ~ MMA(methyl methacrylate) ~ BA(benzyl
acrylate) ~ 2 MBA(methyl benzyl acrylate) e+ B & 4= %o & > FP5 FUik 3pkeh
Tiafe i ) 5 200nm o F B E ¢ R AR T o w4
RAed R GIR E IR BERFARFE Y P N RBR
MRBEPRBATE S AR EEE Y S p R ERY > B  ERTER K
TRFRT - B RRFBTLEp R -
#3152 TR T FERRES  a AHMDLR G

LR s F S

% 31 4w ¥ R R

Rt & 35CS250 35CS250H MS08
g C628 3ACL C628 3ACL X
/Lab. /C628 /Lab. /C628
K E&Fh 13.8 12.2 80.9 8.3 7.4
(Q-cm/sheet)
CETER Lt~ 2 2 2 2 2.5
GERedin =2 2/2 212 2/2 1.5/1.5 313
B &% (7hr) <1% <1% <1% <1% 50%

3.3 W B # A

B B AR S 2 TR P 2 100mmx 80 mm < ] s i~ B IR

TN RJE 0 2 750°C ~ 2 ) PRERR Y Rt 5 3 VAL (SRA) ¢
PRSIV G TR Y 45 5 B SRR L 3Rk
ks SRS S8 X
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3.4 % WHEAH
341 #6URAR
KATF % 5% L or JEOL JSMB510 #45 58 © + Bkt ~ NOVA
NANO SEM 450 3% &+1f 4 5% T + 8 pcse 2 JEOL JAMP 9510F &t 4 &
FRHR O BRRETERAML G RIS - FF R SRR gAT
AU mpg TR PR R TmmxTmm o BFHE AR A
FOARTWRE > D F R o HEF R AR I RIS

Al e 3L BUABL(SEM)IE 5 & o Ajerlipl o 0 2R LB L 6

Rl

PR A o FE T RN TR T A G R
fopr g Y - TR TS TmmXTmm L] Gk IR (s
EIETRETF B KAES) AT RIS S TR YR G APs g
EATH A R EFEBRFESI A R RRDB SRR Y F
AR ORER o
342 HE e HHEE
B SHmER* RE L NOVANANO SEM 450 #-3 bHif 4 45 3
T BMCELE BT RS o R R AT
Bip B R R B 2 Bad 2 242 2 3mmx3mm < o o T F 2107
3 ? 3§ v & Gl R 5 e S A M 1 o » T Beﬂggsg;;z_ﬁ '—]L_Li\‘
5 b oo g g#400 ~ #800 ~ #1200 ~ #2500 ~ #4000 5wy HF7 BT AE o Ly

Lumenger T 4064 5 & 6 2l o 2 1% 2 RS-

édf
“d:
[N

N R R L LSRR S50 S NS S e

op

Bets o M lum Gser F ek G UEA I SRt N
dp i SEM % 1% 13 BB (PIPS I h38 2 25 = 44 2 o]
o & SEM B ch { Eeaht o 33 Rk 2.5 BkeVs £ & 5 67>

PR 8A4 BB YT SEM P & 5% » REAST -
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343 R EapS LRk A(FIB)R UG
AT G % 54 R 4T FEL Helios 6001 & a5 & A 4 S(FIB) %

WHE TEM &2 5 o 32 7 W IFiifgde™ !
hEmeEre AR FLFEP I BRI ARFIHG B
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3.5 % S 15 R
351 ¥ Mikip
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M-8 0 7 B R RERSY  B Y - v s LRl 0§

S
bzl
b
Sy
(S}
w
:&4\
Jeah
¥
)
s
=
)
¥
[S%)
-
:&4\
ks
Ei

7 - 4 R 7 e
.':” A E T L_’I’J‘_:)_{)‘:P((E[] , ﬁﬂ_b

PR A 2 50 mmx30 mm o X RGFPE R PR AR R RE 0 G R
PRIC o B FHRBHEE ~ S W% BE R BHPY TR GREK o EH

HA

.ﬁ%?ik:%—r3‘6‘12]ﬂ$m)ﬁ mjfi"pig‘ﬁ‘;bﬁio

27

doi:10.6342/NTU201703937



353 T iimitd ML 4T

WSRO RIS 2. A Y 32 30mmx 30 mm & ] o F A 2
PEr AR REE U F R RICBFRBETE G FRADRE LY 40 0.1IM >
1R R (263A) £ RI3E 5 > 12 Power Suite i iy 4] Bk Sl Tt B A
(Tafel)*» s ; 116 fe AT HF(SCE): %% R, Mo £ R 2T W
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# 4.3 A%, 50CS470 4% * EIS #3.% %
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