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Influence of Density on Fatigue Strength of Sintered and Powder-Forged Gears
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In this study, sintered and powder-forged rollers and gears with different densities and nickel contents
were fatigue-tested using a roller testing machine and a gear testing machine in order to elucidate their fatigue
strength. These experimental results were compared with the results of conventional steel ones. The hardness
near the surface of the test specimens with higher nickel content was smaller than that of the other ones. The
pores in the sintered rollers became smaller and were disappeared by the hot forging. The fatigue strength of
the sintered rollers and gears was the lowest in this experimental range. The fatigue strength of the
powder-forged rollers and gears was slightly lower than that of the steel ones. The fatigue strength of the test
specimens increased as their density increased, and was hardly influenced by the nickel content in this
experimental range. It was clear that the fatigue strength of the sintered and the powder-forged rollers and
gears was proportional to the hardness for each pre-alloyed metal powder.
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Table I Manufacturing conditions of test rollers and pinions

. Test roller Test pinion
Specimen
R-IN70 R-IN75 R-IN78 R-2N78 G-1N70 G-2N70 G-2N75 G-1IN78 G-2N78
0.5 % Ni 3.0% Ni | 0.5% Ni 3.0 % Ni 0.5% Ni | 3.0% Ni
Powder type

0.2 % C, 0.2 % Mn, 1.0 % Mo, Balance Fe

Particle diameter

Average 75 pm, Maximum 250 pm

Sintering Mixing

0.20 % Graphite, 0.75 % Zinc stearate

Compacting pressure

6.5 ton/cm’

Green density

7.01 glem’ | 6.89 glem’ | 6.89 gem’ | 6.72 gem’ | 7.01 gem’ | 7.04 grem’ | 6.92 e’ | 7.12 grem’ | 6.92 g/em

3

Heat treatment

1403 K x 20 min, in N gas

Compacting pressure 2.7 ton/cm’

10.0 ton/cm’

2.7 ton/em’ 10.0 ton/cm’

Forging Forging density N/A 7.50 g/em’

7.84 ycm3

N/A 7.50 glem’ 7.84 glem’

Heat treatment

1323 K x 30 min, in N, gas

1323 K x 30 min, in N gas

Machining Turning

Hobbing, Turning

Case hardnening

1213 K, Oil cooling

Case hardnening time 3.5hr 4.5 hr 8.0 hr 3.5hr 4.5 hr 8.0 hr
Tempering 453 K x 1.5 hr, Air cooling
Finishing Grinding




thsIiciE, o —5 2 LTz us®l) 75 UM
(JIS:SCM420) #7257 1 A4 (JIS:SCrd20) D 1k
Wilbe—Z728EL, HBREL LT/t 7T UM
(JIS:SCM415) iR A REL 72, F/z, +T
ODHMTFr—F M PHEIZIZIZrLEY 77
(JIS:SCM415) LR rif ko —F L2 RiE L s A L
2. WENORRE e —F &R R L EIC S BRI R
Ny R Wil

TIT, YUURERT VUL, B —F LB
TZNZEh 152 GPa, 0.26, #&EHEE 7.50 g/em’® DRy RS o
—Z Ly RIEE R EL CZE N ZE L 177 GPa, 0.28, $RIEH)E 7.84
glem® O¥YREPEn — T L RBoEE E, Bk tn—F &
2 IRIE L B CZ 4241 206 GPa, 0.30 & L7-.

10
< g 10
'E?J‘ \[SL, @ Oe(}
& S
wn| o
Nl O
4l 1S

Test roller Mating roller
Fig.1 Shapes and dimensions of test roller pair

Table 2  Specification of test gear pair

Pinion | Gear
Module mm| 4
Pressure angle deg. 20
Number of teeth 19 26
Addenc‘lum modification 0 02916
coefficient
Tip circle diameter ~ mm| 84.67 115.00
Center distance mm| 91.5
Facewidth mm 5 | 22
Contact ratio 1.535
Accuracy* Class 2 | Class 2
Heat treatment Case hardening
Tooth surface finishing Grinding

*JIS B 1702 -1976
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Fig.2 Hardness distributions of test rollers and pinions

Table 3 Amount of retained austenite on roller surfaces

Specimen | R-IN70 [ R-IN75 [ R-IN78 | R-2N78 | R-SCM | R-SCr | Mating roller
Vx % 21.77 | 26.62 | 27.87 | 31.07 | 40.19 | 33.72 39.11
V)y % 21.49 | 2551 26.14 | 30.23 39.85 | 32.74 38.76

Table 4 Surface properties of test specimens

Specimen | R-IN70 | R-IN75| R-IN78 [ R-2N78 | R-SCM | R-SCr | Mating roller

HV| 768 819 815 713 827 756 763

(ox) MPa| -328 -434 -436 =271 -413 -203 -402
(oy)x MPa| -125 -269 -334 -121 -255 -84 -183
Ra pm| 029 0.28 0.23 0.20 0.25 0.21 0.29

Specimen | G-IN70 | G-2N70 | G-2N75 | G-IN78 | G-2N78 | G-SCM | Mating gear

HV| 788 651 690 849 715 790 880

(ox) MPa| -110 -145 -151 -224 -157 -344 -165
(oy): MPa| -385 -346 -597 =777 -445 -803 -662
Ra pm| 0.26 0.22 0.25 0.24 0.19 0.23 0.23
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Fig.3 Cross sections and porosities of test rollers
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Fig.4 pumax-N curves of test rollers
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