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ABSTRACT

Residual siresses 15 one ol the major faclors o degrade Lhe magnetic properties of VCR magnetic heads.
Vicker's indentation technique was adapted to eslmate the residual stresses. Residual stresses and distmbubion
in the glass and [errnte werc oblamed alter bonding ferrite with glass, varing the cooling rate. The compressive
and lensile stresses were developed m the interface and gradually decreased with increasing distance from
the inlerface. The stresses were decreased with a cooling rale. The mean values of residual stress in ferrite
were 10 MN/m®, 8 MN/m? 5 MN/m® wilh cooling rate 10T /mmn, 5C /mun, 1T /min respectively. When the bon-
ded sample was annealed above the glass transition temperature followed by ceoling at 5C /min cooling rate,
the residual stress was reduced to 6 MN/m’
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Fig. 1. Heatreatments schedules tor ferrite and glass
honding.
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Fig. 2. Flow chart of experimental procedure{a) and
schematic drawings of one side and two side
glass honded ferrites(b).
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Table 1. Compaositions and Properties of Ferrite and Glass
Thermal expansion Young's Vicker's Permeahlity
Composilion coefficient{m) modulus(l2) hardness(H) {ui)
(25~-400C } 0.3 MHz { 5MHz
o 2000~ 680~
- _ — =7 —~— 14t 2
Fernte | Fey0;—MnO—Zn0 116X1077/C 185~187 GPa 650 Kg/mm 9900 700
PbO-Si0,-Zn T,
Glass o 1053 10-7/C 50~53 GPai® | 443 Kg/mm?® :
- NagO-KQO 423 C
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tation Joad(P})=2.94 N, indentation plane {001},
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Table 2. Fracture Toughnesses of Ferrite and {ilass
Ferrite Single Crystal | Indentation Plane
(001), Crack Direction [110]

Glass
K[c(MN/m:”E)

Ferrite
Kic(MN/m*9)

measured reported measured

0.47 0.49+ 0.07
1.20
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0427
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Fig. 4. Residual slress distributions in 1wo side glass
banded ferrile specimen heat-treated at 700C
for 1 hr. and cooled with 10T /min. rate (F: Fu-
ller model, N: Nithara model, E: Evans model,
A: Anstis model).

AHAS 10C /mine] WAFEE AR 2 e
Adapelcl 2 447 wE e Apdste] ST A
He el Aaw BEEHY PEE Fig el e
sle], ojdf cracke] el o 4ubike] HFEgE ALE
skl 7""’91 Rl el Ak shelly ghEel
ate]E Ho|i elo] umiel TH-EH Zr|m FHelE
Veldul e Fae 2l gE Fe] gl
?4]111 oRRE Folod He AMACRE Fode FY

& nelth elsl Aol AFHIe =7t Fd 93

o

L

A B ek 2 e sl A 2g
HE A} o2 el

Hele| =2l o] "y AldoA FHclije] 2Ag
g6 AFeHS amﬁp} A% A 471 29 sl
Baf Fulley?=} 2l 25k el 4= X3

el @A) indenters] Efel 2lgEsts Aot
Table 144 BSe| slete] B2 G &{E)2 felict oF
3u] sl =2 AR(H)NE 50%7FEF Zul, e =3

sl 4k} ol@] gk Eok Hyle] mel=ll @habv] wfite]
Fig. 4ol F2 #A[xl sufe)Bs) fule] igaake]
=27 vhEA Yeiwch Xzl Ade slelA Be HE

2elg ohE 2l $o) Heef= mal xg] ghe] (E/H)e

30 ¢ A6 3(1993)

olg AzkelE g} 7]

CEEERCE LR

H|#| <ol 25 =LA 81ZelA #k Niihara®7} A gkt
81 & Evans2}l Charles'@7] Aqkst 218 A¥Aow B
Ag e 19 ghel E/Hy vld gl o] 25
glold s A E2] g Blgvhs 28 st e nE A
S AF-e#e] cracke] AR vl=lE edikg
Ayt aeba] 2 ddel M) 22 AFEH EA
Ao ] ata)a) ke sle® AzrEc) Fig 4¢ 4 Ne.

Fuller
529

fo|gl radial

2 wAlE deelEs feld 4% Aol
wdle] A5 AY =A epdel Evansdi 2

qe|Ele] FAlAoz ﬂ-o]

x7ke] (E/H)‘ "H
e HE EJ—“‘}"ﬂ‘:}- B g HfedHT Kol
(E/Hyel] w@ets bR 4 &, Evans?—i ’%‘Blr a %
)\é?‘:ﬂJHOFLL AT ] BRI iL:)
ale] FeEa stel=e] Ak
£45H 2RE s Ho® Hol Ak Ao AbEo.
23], Anstis®] A& WC, glass 5 o= 59 g
& E4Heg s glAdel] A= DT(double tor-
sion}, DCB(double cantillever heam) 5-¢] H72) ¥]
e B xe EAFL dAxelgecz E AR A
,_?_.o” ;;].z]- = agl A] o g Azl
Fig 5 Alziel =9} fele) 4 Fe1s0 sAziele
A =4 el A A g el HAR
cracks] #e & Vb= #3He1 A A alel e, AhAel 4
B o5 oolse] freis) gdyes o A9egzyH <
H']}).Ba]- \T]]E_}GIE ﬂ] 71 Q 7;]]\:*10]] T.Z?a‘l- uLﬁ] cﬂ
alel e HMEL] crack Del|7) F4EF B} <k =77
vleluis A 4 oo glow], A™e] Hg FE S
whako| Aa] falgh dels ghewh alzbd AW 4
2ola 4 47 239 indentation ) WA} crackE-2
Fapebe 2 2L WFLE ] 2|7} AlgHo s W
2 el e R k] wE
Malgd A ¢ oglch fels i O ARe=
d glal) Hahel22] FobdA #G
tion2} 73% L'ﬂ "JJ ako 2 crack o] zelrl A gle
fre)e] Agelm lete) el Falat

;Jﬂ]- w2t indentation2 % 35

T
g
oﬂo
_LE. r‘E
L1t
ﬂ.
N,
=z

kL

)

2]-_‘la-l o]

st

Y

- indemnla-

S2e| sf4de] gleld Y o AFEHY E37t A
Rlerye] geldes wishe e 22 FRels
crack®] A =),

dels olnbdg 3
Fig. 62 A #=2fe]s 2] sE ald 25
L] g Tl indentalions ML HS Bl
Vb cracks) g fEHeR vehd] 2 Flelnl &

-A73-



PR - ANE -

Glass

Ferrite

Q
(2]
o
o

[ )

Interface

Fig. 5. Optical micrograps of cracks al near and far
from the glass-ferrile interface.

=

2 wgstA 4 Aelr,

frefeh sl EE zdfi]"‘lf" e
Aekyt A& AbE-ERed A g T
I ourere] crack WelZWel pAl AR-EHI 4uike
crack Zole] HAFgFe 2RE :r"f’l ’ﬂ-]ET%E-ﬁ% Fig. 70|
viepbfisich Fig 741 a#l ol z
2)e}2] Al e ZHE] S22l £ ubske] crack Ao 2
Tt Ao we] Halsl wekhxoh 3 hehoed),
o) ql7l-ew nheke] A dxt Hal s de]n2 Az
DG crackyrol AT cracks] o] 2 dojilr)
gl cracky] Holsl Aefrl= 2R #Hgc) o
Weke] crack Holo| Hgghe ZYE A4t RS
HEE Fig. 74 coll4 d%ol Szl sujubako 2 B g

o

Astel &9 Fre] Fat A fABEIER AR

F34 - AR - 2y

InterfTace

Residual Stress ({Tension)

Distance [ron the [nterface

Fig. 6. Schematic llustration of position dependent
crack shapes due to ihe differenl residual stress
in the bonded ferrite.

{its m2 )

It

Tension

stress -

Compression

Resitdual

Fig. 7. Residual stress distributions of two side glass
bonded [errite specimen heat-treated at 70{7C
for 1hr. and cooled with 10T /min. rate.

a. calculating from the average crack length pe-
rpendicular to the interiace.

b: calcualling from the average crack length pa-
rallel to the interface.

c; calculating from the mean value of crack le-
ngths m bolh the directions to the interface.
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Table 3. Mean Values of Residual Stress of Two Side
Glass Bonded Ferrite Specimens with Coo-

ling Rate
Cooling Rate Residual Stress
10T /min 10 MN/mm*
5€ /min 8 MN/m*
5C /mm & § MN//m*
450°C, 1hr Holding
1¢ /min 5 MN/m?®
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