[ Downloaded from jicers.ir on 2025-11-13 ]

[ DOR: 20.1001.1.17353351.1396.1.49.3.6 ]

99y U ANT 30 ud yb 90 (T w1 (g 35 0 1!
P o 9y (3 R g (b Lo

TS «s3p) g g0 oRimg

deST ey 5 0ds a8 5l a5 WL o ls 5 9m s (FEO-Fe,05) i 55 8 (FEO) i by T a0
5 et Gty WA 3 g ge 23 b 53 AT a8 S eiIul sl 25t i FeaOs ciles s b an 8T
522550 FEO (8 i 6 5 b izpas ol (5 Lo (slaiiz (Gl 5 e S iyl el Jpana
3 B bliian pLE| Cols 53 Sl 4 b b perbliin g el i BB sl (gl ploet 2 oS S
35 48 sl sl Glb g it ol FEO (puyliia S estnl o8ens 23T w905 628 8 15 anlllan 5,50 Eilen
ool (Al oy slhalin 5 Cilisn 6y JLST slagtalesT o il 36 4 amin sl S b oo oyl
s i ol nlin £33 5 Cm (gl bl s, 4 FEO LS 051l oius 515 0L g bT (gl gy A
el 01 a2l Olginsl & ln 350 s b sl olp o5 ol Id 6 s a0y ¢ oS w8 5 YL

233 oo aS pblian ¢ b s T ST iglS Sl

dodio )

3 39290 oyl iSlis a5 canl ol (I g 395 0 STyl S ¢gil AAS anl)5 4
o) s sl asls 549 Fer03 flan b ()b dw oyl 0nST) Cuslon & jgms oyl S
U5 3 5990 (] gt Lol 2]y )3 00,5 ooy pritans Lol 8 Cumlo 4 55 950
Lol il es 30 09 0 s (g38 Fe 4y coled )d 9 FEO 4y Fe304 4 Fe203
355 Fe205 2 ST Jlto lginy )15 (63L ) Cumnl gy & jgm L9 ploxil g 55 95 i
a_Jgl Fes04 j3 3950 FEO Jg g oo Jooi FEO & 5 FesOy g dgui oo Juiui FesOu 4
e Ll oo L 3 503,55 b | Lol i) cinly J5056 5 Jliae 8 il by
2 a8 ol bl anlb 5 walie (it lo adgl cutiSe @ly 3 Slogoo (Bl yuss (o Ly
S Sl (2l iy dyo Lol cnlply 29800 b o)l g o (5LudV 3 (Sl 08
FeO 5 clon Jolis 555 (Fe30s) cuiSo Lol g 105 Fe203 &5 (g3l dJuiS 45 FesO4
Fex03 4 g 395 ST 8 )bgs ] b FEO bl (gl duS aul)d )3 adly )3 e ol
sLaasli )5 (gl cponl L (29590 FEO jladio @y 9 385 (55 ojlal 29 s
2 o a0 y55 ol g a8 o S0l ) duS il asy i ) canl gjlwdais
5l 423l FeO sl js doyd +/0 1 yiaS gk yo AINS Yoamo (gilo diS closls,)lS
3 ogdse D9-b e > Syl 0 a5 digas JS FEO (g5 ojluil oliand ) 5
L by ool ST a9 5 o (58) Ol L g 09 0 4Ll S g S pglgum 21
Do g pasutio Slglgusinsl Jriayd Slolid abusgy mauslty log)S' (63 b (gl i
Coamols Ogl5 o ol (85 )18 (o) )90 35 (2] 3 & (ubline (139 5
il e el glisl el s Lalls blite (oo sl FesOs o FesOu puublino
g Cslod jl 45 glodle (51 aiST.Canl yo (5o o/« +AD Cuslan (slp 5 yor (50 +/AA
9 e )8 adle Ca )3 (998 (S o 4 bline Glase 3 Iy canl 0SS5 S

/—

97 Ly 59 aylodis ol il Ssal puus aalilemd



https://dor.isc.ac/dor/20.1001.1.17353351.1396.1.49.3.6
http://jicers.ir/article-1-201-fa.html

97 Ly £9 alodis ol il Sial s aalilend

(oblize Cuols | a8 sl gy 09V adgl (59wl 9515 Al 0dd 03l (LS (159 ceusS” (g 1) Aged byl
Wil oad S Csled doyd (100-X) 5 CauiiSo duo pd X 3l digad pusS (15,8 05 (oo (oail 29390 LK g Cuilad
L u.w‘ )gl)g pJL‘> L}ﬂl ).) (W) ob‘.) uL.MJ LJ)9

Wt=Wo[1+AX+B(100—X)]$ ()

Cuilon glubl aublize loao B g jo1 (5550 +/AA ply g (aubline gluidl clbs > caiSe amblize jloo A ) dbleo )
sl Wigod gl (59 WO g (ugblise (s )3 (18)5 )15 (loj > US (1jg W g yo0 (555 +/ A0 il

Wt =Woll +0.98X +0.0095(100 X)]ﬁ

X=103.04E—104.O2 (¥

Wo

pasie Il ol ST a3 dl ol sl g coiSie JoSlo (59 4 425 b 29800 paside Cuiile 00> Gl (o

Dgis

FeO=56+16=72
Fe 0, =3x56+4x16=232
FeO =Fe,0, x72/232 \s

89y IS5 p)S LS cpolis cpl o 55 )58 o 3l 398 sladldlre y  (S0gd ublize cublB glyb SluS 5 g olic
plasl o liliwl gladiges b olSiwd yamol pwd S b &S uonal cu po Jlosl b yolie opl 510600 1) 31 oy i pouilis 4
Ol USCs ol sl a4 Coll g CB eSS unbline laie dbul dn1)8 pl ) e aSS Ll Ml BB 5 e

Aluminum plate gm0

Scale

Coil

Sample
[ATo)ls 0525 cnly 42 5, 2o (qmugblie e Lo, T Loy o o5 (S S0l (sl ol 90 plads S0 —) S8



https://dor.isc.ac/dor/20.1001.1.17353351.1396.1.49.3.6
http://jicers.ir/article-1-201-fa.html

[ Downloaded from jicers.ir on 2025-11-13 ]

[ DOR: 20.1001.1.17353351.1396.1.49.3.6 ]

TIN5 25 (il 2 55 ol meblite age o6 Ly > 88 (S8 (5by ol 93 (lod S ) USG5

b )’i Lyl ).w -y

So oSS by Wae SO ol olSiwd (ol amd oo L Ty 3uiss oyl 53 odlitwl 3)50 g 0l didlw oKiwd ¥ S5
2 s bl 48 (gt g S ol @) 5 i 03 Sy o L s (soil 5 S eglBn (S SUl (sl
e Ss8 hind JpuS 455 Gromen Al oo olKd 138l p 3 Jold Sgels S g (W23 e 9jl5 41y Vb g ol
A3bioe ol 9y 539 H905 53651,

a8 ol 50 eolatl o)50 FEO (5,50 5lusl olfiws =Y JSC&

g Jlasl (28 (S0 gl el (b 50 oS 0nd 4l (g8 4 (Ko Sl e Jge

Ol ol ) 9500 JgmS 63508 e 3 ol (S0l e e 50 88 0 bl (5920 4 (S Sl (i
i M oS0 G 51 liwe ol J S (s1p) A8 o0 3] by o 4 M /0 i b CB 19SS g ol b line
swablize e > (JB JousS 59 e (Co) dga5 o0 o JB JouaS 59 10l s plosi] s (Cuwl 005 o3l
Heis 5 5 23000 4y JgucsS (3550 K305 s 3355 o] J5 JgunS & bipyo sl oS b (C) 32,50 245
pLonl (njo 5 485 5118 (cuablise (e (1953 L5903 JmusS s 9 (Mo) 0id (359 (YU 13) 9315 bawgi (qusblize (e
D950 pLEl (qurblise Glise S diges (59 oS 42 bgape Slaslos (19381 (M) 29500

Wt—Wo=(M-C)-(M, -C,) (¥
dylibiwl sladsged Ly duslie 3oyb 51,18 pl) calisee yolic d) by puonal pbsl 5 ¥ o ¥ oY dleo 4y dog5 b 98]

Do o asuie FEO Mo pd Cuwl 48 )3 plodl

oy g b -Y

RM3 5 RM2 RM1 3,l5L sl digas 4w 9y 3 smablite bay 4 1y FEO doyd (s (6 yS5 cslagygnj] ol V Jgis
205 o pasdie [g) 5 S0l by €8> (g pdy )5 lagpigeil 4 a2 g b amd e ol

97 Ly £9 alodis ol il Ssal jou aalilend



https://dor.isc.ac/dor/20.1001.1.17353351.1396.1.49.3.6
http://jicers.ir/article-1-201-fa.html

97 Ly £9 alodis ol il Sial s aalilend

515 )ke ol sxile Bl polic 45 o )3 AV cutife g (allb cuilan (3,8 bgle I 5 Ikl (sladiges ]
CaO+MgO suoy3 VO AlO3 3o pd +/O SiO2 do 0 )
jl Ladiges cpl )3 FEO (Sjg doyd jlide oS Wud ad (g920 4 (VWY :CAS Y- YYYYS Lot £14 Alfa Aesar ¢S, )

RM3=0.550% ¢ RM2=0.430% RM1=0.310%

Srd S5 slaggesl mbs-) Jaae

RM3 RM2 RM1 e

IS
100 J¥0- YN0 \
OFF JJEEE YA Y
IOY - JJFYS Y- ¥
/060 ey NN i
A0F- JEY- Y 5
IR DART4 SARRE 4
< |bF DARAE AR \4
DA STEY Y eSils
ey R T NIV o P Jot

2l 31 9 0392 YU slor B9y (6230155 5 e 3ylbil Bl cliee g 03 S5V 3 o (ylel (slogowy v 2255 L
9 U9y wgdlae Como oaimd i ezl 590 Hlade b sdel vty ol (pSke oS Alold uimen ol b pl BB Ll

Mbuo oKy
odalio 02’9) 93 .))_ila& u.)l_,))l )9.‘4@.: [Yl] (ANNOVA)  yig) 4 00 fl_>u1 d)LcT L;Lmu.w)ﬁ 9 l.muy»j Y Jab o
9 055w 93 (Slp ANNOVA Jlre j S del oty +/+¥8 ol (VR) ANNOVA a3l 48,5 plosl sla w53 394 o0

B9y 99 98kee b3yl jskaies ANNOVA by 4 oas ploxil (5ol sl =¥ Jour

P
digaj
.15 ¥ A¥Y \
VY - /0¥F /64 Y
<IV¥ DAR AN Y
«I\¥ </f- </f¥ ¥
</F4 <IYY <IYY Ay
VBN AAl A 4
VY ieg <Y v

'Y 4 4 n



https://dor.isc.ac/dor/20.1001.1.17353351.1396.1.49.3.6
http://jicers.ir/article-1-201-fa.html

[ Downloaded from jicers.ir on 2025-11-13 ]

[ DOR: 20.1001.1.17353351.1396.1.49.3.6 ]

Y Jgaz aalol
& bl LT o o
Aiged

g1+ A Y/AA ¥/ SX

YAIFQ AAA-¥ a/%) (5x)°2
YIeAVY VEAN \g-Y ((3x)"2)/n
Y/YOYQ VY VYR-A SX
AR S\YY-Y [\ AAFY Sx*/n
YIYAF YIYY - JeFEY X

n

dfl Y

df2 'Y

Ssb ofee

SSW “IAYA

VR IeYF

F(2,7)=4.74 F(2,7)< VR

S5 aomis -F

53 030 0359 3 lukiul diged 5 cowd gy b dunlie 3 il BB ouls wbline by, 4 U5 FEO Mo yd fpuss
W3 o Cuwdy gllas Coo LY o

Gldae (ublize () )3 3)lblil Bl 15 cunl 5 (cond 9 ) st (eblise (59, 4 FeO ol s pdy 1SS
Bl o i iz 5 cend (Bg) ) Jg Sl ol diz e 3 oo

B od gy 2 g sl 5 o ) 3l a8 omablite g 4 FEO (s (ygasl aome Cnsj (sl g oo o
el Gl dy BB gy cnl Bl (ol g 2 ploj o g St Cead S o 45 3980 03litl (2lion Slge ]
ol Jod LB g slazel 5y50 (2lKusd a8l 3V g8 10 o aiblus ¢ wubline igy 4y AJuS FEO doyd pusd olKtwd

&l

[1] R.Vernon, R. H. Am. Mineral. 46(1961)1141.

[2] M. Date, M. Toyonaka, P.-H. Osaka, T.-S. Yamagishi, A. US patent, 5252920, 1993. Magnetic

Characteristics Measuring Apparatus With a Balancing mechanism.
[3] ISO 9035 Iron ores- Determination of acid soluble Iron Il content-titrimetric method.

[4] J.T. Ludwig, “Design of optimum inductors using magnetically hard ferrites in combination with

magnetically soft materials,” Journal of Applied Physics. Volume 29, Issue 3, pp. 497-499. Mar 1958.

[5] J.T. Ludwig, “Inductors biased with permanent magnets. Part I: Theory and analysis,” American Institute of
Electrical Engineers, Part I: Communication and Electronics, Transactions of the. Volume 79, Issue 3, pp.

273- 278. July 1960.

[6] J.T. Ludwig, “Inductors biased with permanent magnets. Part II: Design and synthesis,” American Institute
of Electrical Engineers, Part I: Communication and Electronics, Transactions of the. Volume 79, Issue 3,

pp. 278-291. July 1960.

[7] J.T. Ludwig, “Inductors biased with permanent magnets,” Electrical Engineering, Volume 80, Issue 6, p

408. June 1961.

[8] Akio Nakamura, and Junpei Ohta, “A new reverse-biased choke coil,” Proceedings of Powercon 9 C-5.

TDK-Electronics Company Ltd. Power Concepts, Inc. July 1982.

97 Ly £9 aylodis Gl il Ssal jous aalilend



https://dor.isc.ac/dor/20.1001.1.17353351.1396.1.49.3.6
http://jicers.ir/article-1-201-fa.html

97 Ly £9 alodis ol il Sial s aalilend

(9]

[10]

(1]

(2]
[13]

[14]

(1]

Kuo Baoquan, Song Liwei, Zhang Qianfan, and Cheng Shukang, “The principle and design of the
permanent magnet bias DC reactor,” Proceedings of the Fifth International Conference on Electrical
Machines and Systems, ICEMS 2001. Volunme 1, pp. 230-232. August 2001.

Teruhiko Fujiwara, and Hatsuo Matsumoto, “A new downsized large current choke coil with magnet bias
method,” Telecommunications Energy Conference, 2003. INTELEC'03. The 25th International. IEEE, pp.
416- 420. October 2003.

Rafal Wrobel, Neville McNeill, and Phil H. Mellor, “Design of a high-temperature pre-biased line choke for
power electronics applications,” Power Electronics Specialists Conference. PESC 2008. IEEE, pp 3171-
3177. Jun 2008.

G.M. Shane, and S.D. Sudhoff, “Permanent magnet inductor design,” Electric Ship Technologies
Symposium, IEEE, pp. 330-333. 10-13 April 2011.

G.M. Shane, and S.D. Sudhoff, “Design and Optimization of Permanent Magnet Inductors,” Applied Power
Electronics Conference and Exposition (APEC) 2012, 27th Annual IEEE, pp 1770 — 1777. Feb 2012.
Andres Revilla Aguilar, and Stig Munk-Nielsen, “Method for introducing bias magnetization in ungaped
cores: The Saturation-Gap,” Applied Power Electronics Conference and Exposition (APEC) 2014, 29th
Annual IEEE, pp 721 - 725. 16-20 March 2014.

Andres Revilla Aguilar, Stig Munk-Nielsen, Marco Zuccherato and Hans-Jgrgen Thougaard, “Size
reduction of a DC line choke using saturation gap and biasing with permanent magnets,” PCIM Europe
2014, pp 1667 — 1674. 20-22 May 2014.



https://dor.isc.ac/dor/20.1001.1.17353351.1396.1.49.3.6
http://jicers.ir/article-1-201-fa.html
http://www.tcpdf.org

