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Mono-sized Metal Balls Produced by Uniform Droplet Spray for Miniature Ball Bearings
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Under the assumption of miniature ball bearings as a target application, the possibility of
practically using mono-size metal balls (hereafter, “droplets”) —produced by the “uniform
droplet splay” (UDS) method—was investigated. As a result of selecting the alloys from Fe-B
eutectic system, in regards to Fe-Si-B-C alloy, droplets with hardness suitable for current
ball-bearing steels but without apparent shrinkage cavities on their smooth surfaces were
obtained. Prototype droplets with a diameter of 500 . m showed a standard deviation of
2.6 yxm, an average circularity of 4.9 ,m, and a cross-sectional hardness HV of 829. To
compare their fracture strength with that of bearing steel, a compression test was carried out
on the droplets, and their fracture surfaces were observed after the test. A ball-on-disk
friction test in dry air was also conducted on the droplets in order to investigate their
characteristics of friction and wear resistance. The results of these tests confirm that the
droplets fabricated by the method described here can be practically applied as ball bearings.
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Fig. 2 Schematic illustration of UDS method
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Table 1 Experimental conditions

Ball diameter | Orifice diameter | Dissolution temperature| Ejection pressure | Quench medium
(pm) (mm) () (MPa)
350 0.18 1,350 0.18 Argon
500 0.25 1,350 0.15 Argon
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Table 2 Mono-size droplets produced by UDS method

Sample | Composition (mass %)| piameter |Hardness| Identified phases by
No. |FelsilB | c | (wm | HV002 | XRD
(@ |Bal| — [40| — | 350 875 |a-Fe, FesB, FeyxBs
(b) |Bal|50|25]| — 350 701 |«-Fe, Fe,B
(c) |Bal|50|25]| — 500 691 |a-Fe, Fe,B
(d |[Bal|50|25|06]| 500 829 |a-Fe, Fe,B, Fe; (B,C)
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Table 3 Comparison of completed droplets with commercial

materials
Material Diameter ( xm) | Hardness HV0.02 Grade
SuJ2 500 800
JIS Grade20
SUS440C 500 754
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Fig. 3 Schematic illustration of compression test
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Fig. 4 Schematic illustration of friction test
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(a) ¢ 350 um Fe-4BEk (b) ¢ 350 um Fe-5Si-2.5BEk
(c) ¢ 500 um Fe-5Si-2.5BEk (d) ¢ 500 xm Fe-5Si-2.5B-0.6C £k
Fig. 5 SEM images of the (a) ¢ 350 um Fe-4B droplet, (b) ¢ 350 um
Fe-5Si-2.5B droplet, (c) ¢ 500 um Fe-5Si-2.5B droplet,
and (d) ¢ 500 um Fe-5Si-2.5B-0.6C droplet
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(a) ¢ 350 um Fe-4BEk (b) ¢ 350 um Fe-5Si-2.5BEk
(c) ¢ 500 um Fe-5Si-2.5BEk (d) ¢ 500 um Fe-5Si-2.5B-0.6C K
Fig. 6 Cross-sections of the (a) ¢ 350 «m Fe-4B droplet, (b) ¢ 350 xm
Fe-5Si-2.5B droplet, (c) ¢ 500 um Fe-5Si-2.5B droplet,
and (d) ¢ 500 um Fe-5Si-2.5B-0.6C droplet
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Fig. 7 Hardness behaviors of ¢ 500 um Fe-5Si-2.5B-0.6C balls at
each heat-treated temperature
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Fig. 8 Cross-sections of ¢ 500 um Fe-5Si-2.5B-0.6C droplet (a) as-

solidified and heat-treated at (b) 600 °C, (c) 750 °C, and (d) 900 °C
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Fig. 11 Weibull plot of compression fracture strength of ¢ 500 um
droplets

54 Hir&BHER Vol 25 (2009)

B GAEE (d) 13SUJ2 B X USUS440C IZHA~BMEATE L
I WEERXLN, T, WHmELNSS ko2t
HEEI NS,

X12 [ERERELE U -BRODSVER, BHE
(a) SUJ2 (b) SUS440C (c) Fe-5Si-2.5B-0.6C
Fig. 12 Appearance of fracture surface of (a) SUJ2,
(b) SUS440C, and (c) Fe-5Si-2.5B-0.6C by compression test

3.3 EEHRER

R2IIRTIERL72EDH H ¢ 500 um D Fe-5Si-2.5B-
0.6CEk GA¥ (d)) &, RIWRTILEM2M (SUJ2B
F U'SUS440C) 129w T Ball-On-Disc B B 38k 2 47 -
720 RSICHEENIAEC X 2 BRI O E L 2R, SUJ2,
SUS440C | ZFEBY E 47> & BEAR SR U, T Eh B -
50 mm %3 X727 ) 20 5 B BT 0.8 B THER L 72
DIZH L, ¢ 500 um D Fe-55i-25B-0.6CE GlF (d) &
PAUTD0.2~04THER L. EBRERP TO
¢ 3 mmDSUJ2ER % 72388 Tl 0.7 ~ 0.8 DEEIEAREL
ARENTHEYY, AFERIIINS LKL TRYTH D
LEZ20N5, R14I1CEY » TIVICBIT 5 ERER L BRI
B ERT. ¢ 500 um DFe-55i-25B-0.6CE (GRF (d))
EEF FONESIN T WERTHSIZH0hb 5T,
el SUJ2 38 & UFSUS440C D150 FE B D BEBAR B 2 7R
— ), WERERZ1I/S5EETH->7. ¢500umD

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0
0

# Fe-5Si-2.5B-0.6C
® SuJ2
A SUS440C

Friction coefficient

50 100 150 200

Sliding distance (mm)

13 1BENREAEIC & 2 ERERBOE(L

Fig. 13 Change of friction coefficient with sliding distance



W—REEREICLBBNER—IAT) > THESEE B

Fe-5Si-2.5B-0.6C 5k (GAFF (d)) &, ®2ITRLAZLIHIC
Fe,BILEW DB E LR DO —DOTH B, TDFe,BILEY
X, SOMEBREHERLIICHCONE0 2 ens, HE
Mefig Licd welfig shs, Ld-T, SUJ2®
SUS440C (2R TEEFERm AR L, BEBAR BT L2
LEZOND,

25
‘“E ’0 SuJ2
£ ®
mO
T 15
° SUSs440C
T 1.0 A
5
2
o 05
= Fe-5Si-2.5B-0.6C
2 *
Q.
@ 0.0
0.0 0.2 0.4 0.6 0.8 1.0

Friction coefficient

14 FBRERIKCS I 2EERFRBELERER
Fig. 14 X-Y plot of friction coefficient and specific wear of ball
specimen

4. #

il

UDS % Flv TR L 72 B a m Bk s, fi/hR—)v
N7 Y TAR=VE LTERWE2Z MG LS, D
T %G & %720
(1) & 500 umIH\ TSR L 72 Fe-5Si-2.5B-0.6C Bk it b ££°F

WE508.7 um, FEHEMRFAZ2.6 um, FHEME49 um,

WEHV 829TH Y, BB TRTY Y R—ILH

ELTHEL D 4272,

(2) BROJERABR T, A2 & D /s
WREMEOIE S D X IZMZMER L D K& 9o 72,

(3) ¥etzesi T Ball-On-Disk B BE#ERER T1Z, BEIEAR
B, WESRERICB VTS A 1B R R AR L7,
ARE AR ERIE, 20084510 HBIfE ¢ 1.1 mm FTA

=T v 7T L, X7V T A—h—t&HIZEPICMmT

TORFZED TV D, SR, S=EEIHEICo

WCHRRM L, AT E - BRI L 2o S R L L

TRT ) ¥ Z DA OB 72 7% FEC b i 2 720

51 ACEk

1) P.Yim, J-H.Chun, T.Ando, and V.K.Sikka: Production
and Characterization of Mono-sized Sn-38 wt.%Pb Alloy
Balls, Int.Journal of Powder Metallurgy, vol.32 (1996),
p155-164.

2) BhEIEDF, EROGHE, ARIHE Ol I L D1
B 72Pb 7 V) —IZARZR=IVOFN, HY.4&BEPH Vol.18
(2002), p.43-48.

3) W.J.Boettinger, L.Bendersky and J.G.Early: An Analysis
of the Microstructure of Rapidly Solidified Al-8 Wt Pct
Fe Powder, Metal. Trans.A Vol.17A (5) (1986), p.781-
790.

4) WINEGA, @i, RS, s 73y 7 Az
S L EE R ER O E Wik BE oW 5Pk, MRk, 40, 457
(1991), p103-108

5) JlCRESE, wRETY, =)IMET, EIER  PBIIEIC &
DR L 7-DLCIE DB - BERENFIE, 21 R4 2 > K
Vv A (2002), p.397-400.

6) ASM Handbook Vol. 4, Heat Treating, (1991), p437-
447.

E7 Rt
Tatsuya Shoji

Haz g m bk st
BBk H o= —
e e

7% ST
Koji Sato

Haz g m bk st
FEuksi h v N = —
LR LY

Ph. D

Bt E
Yasushi Tamura
Haz g m kA st
RS v o= —
WARITY;

Bt (&)R)

HiI£BH#R Vol. 25 (2009) 55



