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On the Machinability of SUS 304 L and S-bearing 304L-type
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Sintered Stainless Steels
Synopsis:

An investigation was made of the influence of pressing and sintering conditions, and S addition up
to 0.49% on the machinability of 304 L. sintered stainless steels manufactured by the water-atomized

powders.
The results were as follows.

(1) The sintered density gave remarkable influence on cutting resistance. The resistance got smaller
first, and then larger with increasing density, having the minimum value around 7 g /cm? of density.

(2) There occurred a change of the shape and the density of cutting chips with the density of
materials. The resistance got larger in proportion to 4D={Dg—D.|, where Dg, D, were the density

of specimens and chips, respectively.

(3) Sulphur addition had no influence on original powder characteristics. Cutting resistance decreased
with increasing amount of S, and accordingly, tool life could be remarkably improved.
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Table 1. Characteristics of tested stainless steel powders.

Chemical composition (%)

*
Apparent Size distribution Green

density density s .
. . (%) density shrinkage
k C Si Mn S Ni Cr (g/cm3) [0 20 40 60 | (g/emd) | (g/em3) (%)

X3 ook ok B33
Sintered Linear

| [0.018 | 090|021 [00I2 1049|1878

255

6.29 6.50 1.0

0027 | 0.86 | 025 [0.151 |1056 (1895 | 277

6.18 643 1.6

0029|079 |0.22 |0.158 |1057 |I19.1l | 290

6.19 646 1.7

0.016 { 085 | 009 |0.218 |1054 |1883 | 2.75

6.13 6.52 22

o |ls o

0.018 | 089 | 007 |0396(1056 | 1885 | 3.12

Hl“l“%““w

6.13 6.54 24

No. 1:SUS 304L

* Sieve analysis : 100/150, 150/200, 200/250, 250/350, —350 mesh fraction to lower, respectively (in histogram)

%  Compacting pressure : 5 t /cm?
bk Sintering : 1200°C X 1h in vac
Linear shrinkage : Direction of diameter

Table 2. Cutting conditions of drilling and turning for measurement of cutting force and tool life.

\ Drilling Turning
T Cutting force Tool life Clutting force
SKH9, ¢l10 SKHY9, ¢5

Tool point angle 118° point angle 118° P20(0,6,6,6,8,0,0)
Feed rate (mm/rev) 0.10 0.07 0.20

Depth of hole (mm) 13 15 _’”/////,,~/~’/""”'
Depth of cut (mm) ,////’ 2.0

Max. cutting speed (m/ min) 10 7~-30 /
Cutti d i /""mpﬂf 100

utting speed (m/min) J—

o BEBREE 500°C T LA 5% 1200°C © Lh
10-3 Torr EZ2hTHME L, BE & BEHFMoOIER
RHE L. ThboflRy EREE L L b Table |
wAEE Lie. 5IERABRA 1 JSPM fE#E 2-65 WH#E L/
TR, 700N 1L 4 3335 o it T g 2
~8t/cm? OFEIFETHL, RO PFESEEHFTERL
Fo. BEBIFEEG L = v ERRBERERERTOIC &
XD BEREHET. 2g/cmd Y EORBR R L. W
ThiMLEOHESY NI T5dic 1200°Cx1h
B CHBERS L, BEM L LI EBt L.

B OWTIL Table 2 D&M F Y A HIHIEER
AV, PIEIEHR XOTAFERERD, —HreowT
SRR T ok, RBIRVWThIEX Ty, TA
FHHIZ T Y ALY EECES £ CORDES OREHT
Sl Lc. 2 h HOYIEIRERIC R A LicE e ownwT
BRIOBREBEEL, Ty 7 < vEOEKIEKRR
HEC L nBELRTE L. IITHE, VU AREREZE
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Fig. 1. Influence of compacting pressure on sintered
density and cutting force during drilling in
SUS 304 L compacts sintered at 1 200°C for
lh in vac.
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Fig. 2. Influence of sintering temperature on sin-
tered density and cutting force during drill-
ing in SUS 304L compacts sintered at
1100-1 300°C for 1h in vac.
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Fig. 3. Influence of sintered density on tensile
properties and cutting force during drill-
ing in SUS 304 L compacts sintered at
1100-1 300°C for 1h in vac.

C—FBR RN FHI I NI TEORHRY KD L83
BIFOCHB Z L L. Fig. 3 BEEHBE O T,
PerbtR G b D AEcHEC Ly, BEHBEL Y
NAEIER TR X OHEIREI I E & DBIRE RO IR LR
T BRI EREE oI GBRT X < mbhTw
%X 5B L LT B2, SIS R
K7 g/emd ML CREE oM ohEA L, Th
HOBRBEECLS LERRFOHEM L5, CoMig
i BEANCIMNE U R B ol s E Lo T
W3,

T BUHIERZAIER, YBEOBRE LOERE, 7t
LU F U AROEIEITE R L0V 7 e fHB A L.
Photo. 1 C)JB L O F v AV ROIGIE R R T . BErES
EEAS 5.55 g/cm3 DR TIL F ) AREMIC A X/ &
UNRED BRI, FIAFNEITELZEY B Lich bt
ATHDZ EDRREGEHEIRD. 0BG OUBHIR
R Lo ECh v UEREIEL, BIEED > ZUHEIE
BOENDs LERLTWA. 0k 5 IeREBIT R
BEOHEMCHEVGR O, TR LEWIES
HOBXow”ics. Thiffic VY RO Lhd A<
7o, BEREERGE Lc 7.60 g/cmd OFBE O CIIEH
B\ -GN &7 5.

Photo. 2 % 5.55 5 L 01 6.90 g/cm?® DS RE X
JBT 5 NV NKERE O 3 7 w RS FRERTIHE

— 90 —




SUS 304 L fgifk A 7 v v ASRO BEHIM: & L hic BE T STHmo R 1145

P/M

Cutting Chips

S

Drilled Hole

555 g/cm3 6.90

o
o

P/M Forging | Buik

760 793

Dy : Sintered Density

Photo. 1. Cutting chips and surface of drilled hole in SUS 304 L compacts sintered to

various densities.
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Photo. 2. Vertical-section microstructures of drilled
hole in SUS 304 L. compacts sintered to
various densities.
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Fig. 4. Distribution of micro-vickers hardness on
the surface layer of drilled hole for SUS
304 L. compacts sintered to various densities.
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Fig. 5. Influence of sintered density on cutting
chip’s density and | 4D | in drilling for
SUS 304 L compacts sintered at 1200°C
for 1h in vac.
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Fig. 6. Relationship between cutting torque and
4D in drilling for SUS 304 L compacts
sintered at 1200°C for 1 h in vac.
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Fig. 7. Influence of sintered density on cutting
chip’s density and principal force in turn-

ing for SUS 304 L compacts sintered at
1200°C for 1h in vac.
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Fig. 8. Influence of amount of S-addition on tensile
properties and cutting force during drilling
in SUS 304 L-type compacts vacuum-sin—
tered to 6.5g /cm3 of sintered density.
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Fig. 11. Relationship between cutting speed and
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304 L-type compacts sintered at 1200°C
for 1h in vac.
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