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Rolling Contact Fatigue Strength and Its Strengthening Method of Sintered Materials
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( KEEERT )

Akira Yoshida ( Hiroshima International University )

The sintered materials have been applied to many machine parts with complicated shape such as gear and so on.
These materials have advantages in the dumping characteristics and the manufacturing cost performance. However,
their strength is lower than that of wrought steels. In this report, the rolling contact fatigue strength and life of surface
hardened sintered rollers and gears are reviewed in terms of the strengthening of the sintered machine elements and

the life estimation.
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Fig.2 Dynamic performance of sintered gear
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Fig.3 pmax-N curve of sintered gear

2. BILERE, MR T, EHEE, BROBEOKE

Table 13 LIBIE S, MIRKI T, EMBENELRDE
AREBEANEER 0 — T B X OEEORESREEZTRT. 4 (T
DORBIEL ST, 1L BB L IXEAEAREEAN, 2 ZBD ABC
IZHE LR S DR WIIE, 3FH O SM,LITH RIS
WIE, 47 HO LMHIZEREEMEVIEZ R, Figd“id
Table 1 O 55 CHLE XU 7=EAE 30mm, 60mm D v —F 8B &
EY 2—/L 5mm O HZ RS VAR X Ol HEds
MR LA LN RE 2X10" HHICB T 2ENRS T
AT E T, HlRE L CEEREANG e — T B X OEED
FERGTRY. HEERSOBSICRITTEETNEL, BER
R RNKREL 72D ERSIIK I 508, R0 100w m
UT THIITRET R, —F, ERBEEORSIIRIETE
BTN T, EMEENE < 2R BI1E SRS D A S 13K
T 5.

Table 23Ry R OFEEH, FERYBERGIED B B @ AR BEAL
BifE o — 7 ofLESRME 2R, HIP (3B S 5 EE A
1P1S 1% 1 [BIRJE - 1 [EBEREE T, ABCIIM RO T, %
nENMERE, SEeA e, A2 ~Y. Figs®
EIh 60— 2N VIENRER L RE 2X107 Hy
2B DAY IS TRd. HIP A L7726 OIEH 60>
Wi iEm kL, &SRS O%EIEL, HIP AL
RUVEAICH LT, MEIE 43 wiliEsSh, #ilo—F olis
2N VIR S I2KRD TV, 1IP1S DOBE O S I3h RO
HICE-oTHhT O EDL AR,

Fig.6 T My Ak 7B D Rfp 5 2L BEfE 0 — T OEEN 0
NHRBRICE Y 2R =V U 7B L-MEAMESE -2 h
ZRACHHIE L2 & Hy 1S9 58 ARG © Ol oOIRIE
AT HV)D53 Mz =T . 22T, 1y FEZEAWIET, <
sTRRKEAMIG N THD. WTNOGEELAR—T 7 &
BRI A( T H)DIKIE {A(T oHY)) & & DTRE &
FE—HLTWD. T2, KILOKE IR /N DIF



Table 1 Manufacturing conditions of rollers and gears Table2 Manufacturing conditions of HIPand 1P1S rollers

Large pores | r=0943
| Referenced data
* lon-nitriding
089 @ Induction-
Alr,;)=0.884Hv hardening

Influence factor Ref Hardened Particle Green Roller i HIP-A [1P18-A| HIP-B |1P1S-B| HIP-C [1P15-C
depth diameter density Powd Pure iron Pre-alloyed |Partially alloyed
mark | 1BMM | TAMM | ICMM | 1BSM | IBLM | IBML | 1BMH or type powder powder pawder
Pre-alloyed powder Chemical C 0.01 0.01 0.01
P
owder type 0.7% Mn, 1.0% Cr, 0.2% Mo, Balance Fe jon % | Si 0.02 0.01 0.00
Hardened [30| 24 | 10 | 40 | 24 | 24 | 27 | 25 Mn 0.18 0.19 0.06
deph mm 60| 30 | 14 | 52 | 30 | 37 | 32 | 32 P 0.013 0014 0.00
G| 27 |22 | 40 | 27 |27 | = | = B 0.016 0012 0.00
Surface 30| 740 | 600 | 690 | 460 | 680 | 580 | 610 Cu 0.01 0.01 151
hardness Hv [ 60| 660 | 630 | 650 | 460 | 620 | 540 | 600 Ni 0.01 1.83 423
G [ 610 | 590 | 560 | 300 | 640 | = | = Mo 0.00 0.47 0.49
Particle 30 150 | oo o 0.18 0.1 0.09
diameter um | 60 | 75~106 S45 ~ Fe Balance
G 250 [ [ = Hardeneddepth _mm| 25 | 45 | 35 | 38 | 45 | 48
Green 30 Surface hardness Hv| 610 | 690 | 720 | 710 | 710 | 680
{29
density g/cm’| 60 6.9 oL Sintering method HP* [1P1st] HIP' | 1P1S*| HIP* | 1Pis®
[G] - e Sintered densily giom’| 7.68 | 6.96 | 7.68 | 6.97 | 788 | 7.09
Sintering 1403 K x 0.5 hr in N, gas Surface Induction-har
Surface hardening Induction-hardening Surface finishing Grinding
Surface finishing Grinding + HIP : Hot isostatic pressing
30 : Roller with a diameter of 30mm Atomospheric pressure 7.85 kNjem?, 1423 K x 4 hr in Ar gas
60 : Roller with a diameter of 60mm & 1P1S : 1st pressing 1st sintering
G : Gear with a module of 5Smm Compacting pressure 58.8 kN/cm®, Sintering 1393 K x 0.5 hrin AX gas
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Fig.4 Influences of hardened depth, particle diameter Fig.5 Influences of sintering method and powder type
and green density
Table 4 Rolling contact fatigue life
A
0.02 0.04 0.06 0.08 Rolatmg direction TABLE I RCF Life (ZF Test Bench)
Material HertzStress  BSOLife  B10:890 Sope of
Condition (MPa)  (x10°cycles) Life  S-NCurve
FLN2-4405; sintered af 1900 130 119 e
1,120°C (2,050°F) and forged 2,500 21 119 -
FLN2-4405; sintered al 2,000 130 126 30
1,260°C (2,300°F) and forged 2,500 21 1:19
AIS! 8820 2,000 200 118 0
2500 42 127 :
Al AISI5120 1900 160 SR
| 2500 61 147 -
j FLN2-4405; sintered at 1900 10 110 a5
l it AL L 1,120°C (2,050°F) and 2500 26 148 -
i [ e m surface densified
10 -
0P Sputing ke depin FLN2-4405; sintered at 1800 100 20 .
P P P ; s trilg it 1,260°C (2,300°F) and 2500 28 132 '
Fig.6 Cross sections of failed rollers and amplitude A( ¢ /Hv) distributions L
FLN2-4405; sintered af 1,900 120 1:30 0
1,260°C (2,300°F), surlace 2500 17 125 ’
densified, and annealed
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Fig.7 Relation between stress amplitude A( ¢ y,) and hardness Hv

- - . . Fig.8 Relation between stress amplitude A
of induction-hardened sintered specimens g P (<)

and hardness Hv of ion-nitrided specimens
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& 180gf Induction-hardened sintered gear

Green density 6.9g/cm’
Extreme pore diameter 79.7um
Surface hardness HV610
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Fig.10 pmax-N curves of shot-peened specimens
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Table 3 Manufacturing conditions of sintered and powde-forged specimens

~ Test roller Test pinion 2500
P R-INT0 | R-IN75 | R-IN78 } R-2N78 | G-IN70 { G-2N70 | G-2N75 1 G-INT8 G G-2N78 P Roller
0.5% Ni 3.0% Ni | 0.5% Ni 3.0% Ni 0.5% Ni | 3.0% Ni & - ]
- ear -
Powder type 0.2% C, 0.2% Mn, 1.0% Mo, Bahnce Fe <2000 1
Particke diameter’ Average 75um, Maximum 250pm é
Mixing 0.20% Graphite, 0.75% Zinc stearate .
Sintering : £
Compacting 6.5ton/cm? =
pressure <
Green density | 7.01g/en | 6.89g/or | 6.89g/en? | 6.72gfen | 7.01gicaw | 7.04gfcnv | 6.92g/emy [ 7.12g0en [ 6.92gcov é
Heat treatment 1403K x 20min, in N, gas 3
Compacting 27 R 2.7 10.0voncm 8
pressure ton/em? 104 e ton/en?® =
Forgng |G e densy | 7 [750gem 7.84gicn? NiA 7.50g/cn’ 7 8agien® 7
Heat treatment 1323K x 30min, in N, gas 1323K x 30min, nN, gas
Machining Tuming Hobbing, Tuming B
"~ Case hardening 1213K, Oil cooling . . ) o )
Cosc bardening tioe.__| 3.5hc | 4.5h 8.0k 35k aske | 8.0h Fig.11 Rolling contact fatigue limits of specimens
Tempering 453K x 1 5hr, Air coolng
Finshing Grinding.
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