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A Study on the Stress Distributions and Magnetic Properties during Hot-Pressing
according to Strain Rate of Nd-Fe-B-Cu Alloys

J. D. Park*, W. Y. Jeung**, S. H Han*, C. S. Kwak*

ABSTRACT

The specimens were melted in high frequency induction furnace. The samples for
measurements were prepared by machining cylinder of 9.5mm diameter and 15mm height. These
samples were then hot-pressed according to strain rate(d). These samples were decanned
and cut out, and-subsequently heat treated at 1000C for 4hours. These were investigated
for the change of microstructure, domain pattern, X-ray diffraction and magnetic properties.
The stress distributions in the specimens during qompressing process were calculated by a
finite element method program(SPID). The calculated stresses were effective stress(cesf),
compressive direction stress(oz), and shear stress(zrz). These stresses were compared with
the experimental data.

Key Words : Stress Distribution (& 2¥), Magnetic Properties (7]3 E4), Hot-Pressing (Z7143),
Strain Rate (#34%), Nd-Fe-B-Cu Alloys (Nd-Fe-B-Cugts)
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Table 2. Computed stress of 7r;(shear stress) for Nd-Fe-B-Cu alloys

_ Tz{(Kg/mm2) at E=1 (Z-axis)
specimens E : 1 (R-axis) E : 4(R-axis) E : 7(R-axis)

&:0.0005/sec -0.012 -0. 007 0. 007

: 60% e : 0.001/sec -0.014 -0. (08 0. 008

T 1000 €:0.005/sec -0. 002 -0. 001 0. 001

€:0.01/sec -0. 024 -0.014 0.014

€:0.5/sec -0. 006 -0. 026 0.021
£:0.0005/sec 5 2 Mgyt Aolzt QB Table. 2014 ¢ & YR
o] WYLTe WE ABSHEY BE gAo Holk I
" elflow stress) 2 gtk E¥, AJE R nxE JgL oHoh=
4 #2e & 4 gk aPelAN +997 -gde) wi
' —, Bgog Augdo] Iy ok tolg) HEs:
" R ' Bt 0 9UL ¥R S8 vu )
h 2o o] RES xﬂﬂ sdut g RRNE AR F
ARZT BREM A %aol Yl oz zgs)

s do{flow stress) T 9ee @ & 9&1;]'

A 2% 62 VYR BYST I 583UE ¢
* e $ ok SE-MYE THL Ukl Aol WIEE
“l £ 10, 005/0ec b =@ (e 0.0005/sec) o] AL HyNE
i 2.7kg/mm?2 7p3 Witk ol FZZAY 39
| Golflow stress) FY2FoA NdFenBAT HPLEA oz 2
e Ashe Nd-richio]l B2zt AA3) o)Foxz &y}
P geo|go] Yojdal FAlo) F& AHAF 4717 WE

£:0.01/sec

. golllow stress)

fe o

H
1

£:0,5/sec

do(flov stress)

-/

True stress(kg/mm?)

i ’

S e
e

True strain
Fig.6 Variation of stress-strain curves in hot-
pressed Nd-Fe-B-Cu magnets according to
strain rate

(hot-compressed at T : 1000C, e€: 60%)

150

o2 AZEd. WYLEs) 0.001/secE F718tE Al
A& 3.6kg/mm2E F7HelH EEEEYE o] I
. W¥LE 0.005/secE TA F71EW FH AAH
T B9 AFYoE Fugo] vepdn. o9 29
& ABF L WIEE 0.01/secolA & A8 Aot
HYLEIl 0.5/secE 7kl RS 2F AL
oA, WyLsrt gaAE 18dY AUAY &5

42 HxsA Enh

3-2. WMEE o AZYYH MF

Hgsed e 4AYEF FHFT JPLIE(<Nd-
rich phase) & ##sl% Photo. 19 (A)-(1) oA &
$ g)Eo] WA4EI} wlE £=(.5/secql ALE AR
o] 2y AFEIE HYSETL =@ £=(.0005/sec)
AlE g¥ AYstae £X Fo| Bt WILE}

2ree
=2 A%E Ayel AB BYEOE WaluA 2Hol



FZFYFEEA A0 AM2E (1993.69)

AR Z2A Fo Fe Byo] AGD((A)-(2)-
(b)&AZ). =g, WY& ol %S @ AH
U89 AR WA 27)8 bitter pattern @ Z
Asld AR (B) = WE4E7 mE 0.5/secdl A9
AT7YHE NdoFenB 2FL 10um el AF
ke Wy4erl 3 Ao visl A jdERAE
geortt. a8y AR(C) = HEEETE 0.0005/sec]
7399 TP Aol 50um7A] A3 on Wy
Ae ABY FNRERZE=4dA zA A4l

(2) &=0.0005/sec

(1) £=0.5/s5ec
{8) R-axisiE=l-¢4 {b) R-axis:E=7
(A)
Cospression
. direction
4

SRR S
()

Photo. 1 Distribution of Nd-rich phase and crystal
orientation in hot-pressed Nd-Fe-B-Cu
alloys as a function of strain rate

(hot-pressed at 1000C, €=60%, and

heat treated at 1000C, 4hr)

(A) Nd-rich phase

(B) Crystal orientation {(é=0.5/sec)

(C) (€=0.0005/sec)

(1) R-axis;E=1 (2) R-axis;E=4 (3) R-
axis;E=7

151

agy AlES FHAFERFE=1) M 2FY FHA
2 FUA Qldh oy FZA A7 FRGZRAC] B4
2 0 of 2Fo] FE0| Yolyty] WEo EUUFoE
T ARY WYL /4AE 5= g ABY ERR
& AHol FARERD AFsld: 2R FFE AH
o FPEEED 9 v gz, A7Y e Al
Ho Yo FYF @A FFYAF(stripe

domain, «A)$ 2FHATY FSWY] £2F HY
o227 (maze domain) Y F3 e} (<B)E el
AL2E AYL 5FE Bolt Utk ol Hol AR
o BREAME ME Z7] UE ¥FY BHOl &3}
AEE & F Utk ool AFY HFT FF
She thga Zo] A9 ¢ Utk AUFEA 44
o] Al FAZ Y WHN FHL IUYFLE
A o g EAst= Nd-richAe] §3 %olAl gk
0|2 3t AL FVURA opHE ¥HEY (o)
9 EE¥d g BY AAUY £8o|d (grain

boundary sliding) & o1AIA A BEAo] FH
o & ¢4&§de]l g2 REo] ANY Yo F
FEHgEo] Fe RRo] AAY PPAo] mrh
agy AlH FAA FE-gHe] Mg EXw o] £
dAe watgol £x] gt ol FZZAY A%
Roln MY F222A FAdA X427 (dendrite)
o] 2ESH: @A wWEolth IHEE oYY AW F

i,

AFEE AT AW FLFE0 &S0 =3 2H
9 BFgol 20, AHEHo] AP F2 AH EF

BANE 2R @gye) G,

3-3. A 8Y

a8 7L MEEY JHEEEE 27 60%, 1000CE
IRNF R, F2 AHYL HYETE 0.0005/secol A
0.5/sec2 WIHAIFIHAN LS e f) A
A7) BAE Jehd Zojoh Hy& ) 0.001/secsl
A% HANUAH ((BH) max) 3} AFALUE
Bri7t 78 =tk 28U HEEE7} 0.0005/sec 2
= A%e AdalduREg AFA4UE J8n
2218 (He) o] F438] #4sAh ol 2AY A4Fe
2 A% Aot WYPLEr} =y F$E BFHY B
FAol FAHD Nd-richate] AlHe Zod Aajy
%3 AWM Nd-FeuBAY 9WEe Z7sigAw, A3
9 Aol A7 A 74 tgd A 4
A0z AdEt. WI4=s #E 0.5/secd FLol



Y - A8 - FeE - FHA

2A9 371 10 A$E Exlgo] Frisix] £

RE ZARY dP4ol vy wEos YA,
15.0 -

’5 _

8 h

g ; o Br

~ 12.0 = OrrxiHe

é ] 280058 BH)max

E 2

5 90 .

o h

o -

X 6.0 7

L ]

305

g i

~ 2

b -

m °~o [ ITII|I| LI R R BRI 1] I 11””[ IR RRLL

casted 10~ 10~ 10 ™ 1

Strain rate ( /sec)

Fig.7 Change of magnetic properties of hot-
pressed Nd-Fe-B-Cu alloys as a function
strain rate
(hot-compressed at T : 1000C, €:60%, and
heat treated at 1000C, 4hr)

3% 8& Nd-Fe-B-Cuyz€ F7¢3A HIPE5d)
e Xray 3F B I4e Ui ol HyEE
7} ARG £:0.001/sec¥mel a3 (B) 7} 2R 4%
3 2R wIAel 7 Fdsol (105), (006) A
22449 NdsFeuBAel Hz7t 19 (A) £=0.5/
secdl B¢ I(C)9 é=0.0005/secq] B¢ Roh
M e ¢ 7 A%

a8 95 EUUFA HYLEd @E AH R
A7\H B4E ulasT WLzl ABglo] ABY

FQVRAN A4 B4 A3 F2E ¢ + Uk
o= oS AgdA & § Kol N8 FRLAN
239 PPY A 3L ofon

428 £

NdisFer7. sBsCur s@ 58 ML= (8) o mel d1¢
Z(hot-pressing) # & e} AFE A gH )M 9T
48 2T ZAE 02 ugH B2 FEE 4
T At

152

2. Ztte)

5. e88
“2.87

O T T T R
3

(105) (oos)
/l\ .
.|.\{...L.Ll .WW.AW

L]

(C)

Fig.8 Variation of X-ray diffraction patterns for
hot-pressed Nd-Fe-B-Cu magnets
according to strain rate
(hot-pressed at 1000C, &=60%,
treated at 1000C, 4hr)

(A) é€=0.5/sec (B) €=0.001/sec
(C) €=0.0005/sec

and heat

1 GZAHA] HYEE] Fflo]l AW F4 dde
£ Zon), 7 349 ¥gE YA god, Z
840 FHBshe FESHL Hxd 1Y ¥y
£57b BE 0.5/secd Bfole AW AHY 7
S40 REIH FUSA FHgstzm, Z 249
Hils 93YE ¢ & Yok

HPLEY md AW Ry §E E¥7)

Adiget Aolzt d¥, BE Y ¥ie flov

AR AH §AYde Aol7t vehdth. ol A

¥ Wi SAste 4 49 SA4d 71U Aes

AAR .



[A=PYIRHA A10A A2

10.0
‘l CEEEr) £:0.0005/sec %
8.0 — Z==Fx] £:0.001/sec |
22840 £:0.005/sec
- 4 B/’E\W é0.0/l/sec {
U 6.0 — anr £:0.5/sec |
= . O/S\\ I
= 4.0 T
jaa) 4
- = \\ !
2.0 |
; |
0.0 T T T
1 4 7
Element (R)
()
6.0
[€SS2D] é:0.000fysec
E=FE) £:0.001/sec
Jo é:o.ooysec
4.0 GoS €:0.01/sec
mnnr £:0.5/sec

itle (KOe)

R T O S T O O

o
o

T T

1 4 7
Element (R)

(B)

Fig.9 Change of magnetic properties of the inner

3.

part in hot-pressed Nd-Fe-B-Cu allyos as
a function of strain rate
(hot-pressed at 1000C, e=60%,
treated at 1000C, 4hr)

(A) Remanence (Br)

(B) Coerecive force (iHc)

and heat

2 $8 EEc AlH FAFERFE=))

A 53 AW BRERZE=7) 02 ZFE 7Ad
Rk old @ AW FHFEY ANH 4ol
Fololsi, AM FAFE Eoe AW FTFER
FE=40°) 5t ot AWUY Fz2HI 719%

AA 7}

153

. G.G. Hadjipanayis,

. S. Kobayashi,

{1993. 64)

Rojel, AH9 2713 54L& SHEt
2239 JYP= Yo

oz F

. 89 BX} 9% RdAMe ZHY BgH 2T

9 ge7} ¥R
ADEH

R.C.Hazelton and K.R.
Lawless : “New Iron-Rare-Earth Based Per-

manent Magnets Magnets Materials”, Appl
Phys. Lett., Vol. 43, No.8, P.797, 1983
. M.Sagawa, S.Fujimori, N.Togawa, H.

Yamanoto and Y.Matsuura : “New Material for
Permanent Magnets on a Base of Nd and
Fe”, J].Appl.Phys., Vol. 55 P.2083, 1984

. J.J.Croat, V.Panchanathand and X.H.See:

“Rapidly solidified Nd-Fe-B states of
anisotropic magnets by hot deformation”,
Pro. 10th Int. Workshop on Rare-Earth
Magnets, Kyoto, Japan, 1989, P.429

. T.Shimoda, K. Akioka, O.Kobayashi and T.

Yamagami : “Hot-Worked Anisotropic Pr-Fe-B
Magnets”, Pro. 10th. Int. Workshop on Rare
-Earth Magnets, Kyoto, Japan, 1989, P.389

. ].B.Hawkyard and W. Johnson : “An analysis

of the changes in geometry of a short
hollow cylinder During Axial Compression”,
Int. J. Mech. Sci., Vol. 9, P.163, 1966

S..Oh and T.Altan : “Metal
Forming and the Finite Element Method”,

Oxford University Press, New York, 1989



