
________ ----POWDERMETALGiEARS _

Suitability of High Density
Powdllerl MetalllG,ear,s
for Gear Applications

IntrodUCti.OD i
The implementation of I.

powder metal (PM) compo- .
nents in automotive appfica- I.'.

lions increase: continuously, i",.

in particular for more highly
loaded gear components like
ynchromesh mechanisms.

Porosity and frequently inade-
''I,uate material properties of
PM materials currently rule
out PM for automobile gears
that are subject to high loads ..
By increasing the density of I
the sintered gears, the j
mechanical properties are j
immroved. New and op-timized Ii

ma~rial designed to allow I
the production of high-density I
PM gears by sing1e sinrering !
may change the situation in I
the future. i

ID.r.-lng. Rainer Link and Dip'IAng. Gelid Kot1hoff

A conventional method of :
I

altaininghigh component den- !
sity is shrirWIge during sinter- I
mg. The rna Ieffective way of j

increasing hrinkage with sin- I
tered teels i to execute sin- I
teringm the ferrite phased (0.- !
phase). Thai. finding inspi.red !
the development of the QMJl i
MS·P3.5Mo material, a water- !
atomized, pre-alloyed steel ~
powder with a molybdenum
content of 3.5 percent Based
upon that material, two new
teel powdc.rs willi a molybde-

num content of 4.0 percent by
weight have been developed.
Because of the increased
molybdenum content of 05 I
percent. the sintering behavior l
of the material is constant dUJ- i

l
ing the high temperature sin- ~

tering process. With these
materials-QMP MSP4.0Mo
and MSP4.0Mo·O.1 Nb steel
powder-in collaboration
with QM.P Metal Powders
GmbH and the Laboratory for
Machine Tools and Production
Engineering (WZL)., inve ti-
gations regarding the load-car-
rying capacity and the suit-
ability as future material for
sintered gears were conduct-
ed. The investigation were
carried out as a part of a pro-
ject pan ored by the German
Federal Ministry of Education
and Research (BMBF. Project
No. 03N3024).

The report covers investi-
gations concerning the macro-
pining resistance under
Hertzian pressure and sliding
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of sintered rollers made from
(he new developed steel pow-
ders MSP4.0Mo and
MSP4.0Mo-O.1Nb. Test on
the tooth root and tooih flank
load-carrying capacities of
sintered gears have been con-
ductedon gears with a module
of 3.5 rnm. The linfluence of
shot peening on the propertie
of sintered gears made from
MSP4.0Mo and MSP4.0Mo-
0.1 Nb was also investigated.
The results of the intered
rollers and gears are directly
compared to the fatigue prop-
erties of roller and gears
made from wrought steel. The
tngle sintered PM gears with

densities between 7.5 g/cmJ

and 7.7 glcm3 can attai~ tooth
root and flank load capaciti
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that are comparable to thoe
obtained with DIN steels,
Based on those results,higb
density PM materials c()uJd
be suitable for future gear
applications.

1n-Ve8tigation of rolling
strength 01 sintered roUenJ

Material p,,,riants and
geometry 0/ ,oUers. Figure ]
shows the material and pro-
duction parameters of the test
rollers used till th WZL tests.
The sill.tered test rollers were
pressed from cylindrical cir-
cular blanks and plasma-car-
burized, The bares and run-
ning surfaces of tlIe 'lest
rollers were men ground in
the circumferential axiaaad
tile finislled test rollers were
shrunk onto steel sllafts ..The
counter-TOners, msnufac-
lured solely from. the case
hardening steel ZP7B
(20MnCr5), reference materi-
al, and the reference test rolls
were machined as a si:ngle
pan and were case hardened.
The sintered test pieces were
pressed at PI ...650 MPa..The
sintering 'temperature was
1290°C at a sintering time of
ts == 30' mia in an HzlN2 gas
atmosphere. The density of
the a.-phase sintered materi-
als is already very hig.b, at
7.58 g/cm3 (Vi) or 7.63
glcm3 (V2),. Figure J also
shows the modulus of elastic-
ity of the Viand V2 sintered
materia] variants and the
mean modulus of elasticity
used to'calculate the Hertzian
pressures encountered in the
rolling tests.

Testprocetlure and r£suUs.
The rolling strength tests on
the PM rollers were conduct-
ed under ~ical gear condi-
tions using a twin-disc test
stand. The contacting materi-
al in the running, tests on
variants ~ and 2 were a sin-
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_______ -- IIPOWDERMETAl,GEAIRSii. .. l
tered cylindrical test roller and 1
an embossed counter-roller
made from the 20MnCr5 ref-
erence material (Figure 1).
Two 20MnCrS rollers were
used in the reference test.
Figure 2 showsthe results of
the roll.er tests.

The Hertzian pressure that
can he withstood continuously
by the single-sintered rollers is
roughly 82 percent of the
load-carrying capacity of the
conventional 20MnCr5 case-
hardening steel. The SIN-
curves for variants V 1 and V2
in Figure 2 are somewhat flat-
ter than the reference variant,
suggesting greater sensitivity
to overload peaks ..ln Figure 2,
the Hertzian pressures of the
sintered variants were correct-
ed with the aid of at standard-
ized modulus of elasticity
(2.10Hf Nllnm2) in order to .
achieve greater comparability :
of the load-carrying capacities
of the various material combi-
nations. For that correction,
the diagram in Figure 3. which
shows the Hertzian pressure
depending on the applied nor-
mal force for different materi-
al combinations, was used.

The damage pattern for all !
materials in the tests were, ~
however. approximately iden- !
tical and resulted partly from f

the bigh density and homoge- !
neous microstructure of the \
sintered rollers, Contrary to i
previous rests with rollers at i
densities of max. 7.2 glcm3., in I
these investigations no wear at !
the sintered rollers occurred, I
and the failure mode was l
macropi.tting in all cases. As
an example, Figure 4 shows
the typical failure in the area
of finite life for the investigat-
ed materials. The damages to
the reference wrought steel
and to the sintered variants V 1
and V2 show similar forms of
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figW816;: Toothnank load-carrying capacity of Variant 2.
appearance. In. the photos of reasons of time and cost, cir-
the cross eetion, the cracks, cular blanks of the iatered
starting below the surface in materials were pressed in a
the area. of the maximum simple die. the gear teeth were
equivalent stress, are shown. machined and the parts were
The surface shots show the pJasma-carburized and ground.
macropitting at test end.

Gear Tests
Additional gear tests (m, ;;;;

3.5 mm; b = 20. mm; B = 0.°)
for Quebec Metal Powders
GmbH were performed using
the molybdenum-containing
materials listed in Figure 1 as
pan of the BMBF project. For

The circular blanks were man-
ufactured at a pressure of PI =
750 MPa. Sintering was car-
ried out for ts = 30 min. at
1290°C in an H2/N2 atmos-
phere. The density of the sin-
tered rollers was PI = 7.72
glcm3 for Variant I and P2 =
7.76 glcm3 for Variant 2. As in

the rolling strength tests o.n
the twin-disc Leststands. SIN·
curves for the case hardened
20MnCr5 reference variant
and the two sintered material
variants (V land V2) were
determined in pulsator tests.
Some of the sintered gears.
were additionally shot-peened

using compressed air in order
to enhance the load carrying
capacity of the tooth root and
likewise tested inthe pulsator.
To save time and cost, 'the
load-carrying capacity o:fthe
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_-----------GEAR FUNDAMENTALS II. _
glcm3)1 was ,employed ..An S/N-
CllJVe for 16MnCrS wrought
steel detetmined in earlier tests
is also show:n (0 indicate dte
comparative load-carrying
capacities of sintered gem and!
I6MnC:r5 wrought steel gears.

The results of the running
tests sbowthe slope of the SIN ence gear in the unpeened
carve for Variant 2 is campara- stale, FoUowing additional
blewitlltbat for steel, The shot peening.. the rocth-root
continuously withstandable load-carrying ,capacity ofllle
Henzian pressure for Vari~t 2; PM gears is 9 percent higher
is roughly 97 percent of that ; than iliat of the reference vari-
for the steel material (50 per- ant. Tooth-flank load-carrying
,cent pn>babllity of failure). 'capacity tests on VaDaIlt 2;

Conclusion (MSP4.0Mo-O,lNb) PM gears
Innovative iron-molybde- I show that fatigue sl:rength val-

man-based powder metaUurgi- I ues ,comparable to those for
cal materials were produced wrought steel can be expected
on the hiboratory and produc- from the high-density sin-
bon scale as pan of theBMBF tered gears.
project. on New PM Materials. Acknowledgment
The strength behavior of the. The investigations de-

, IT... I .'-_-'.. ,I.materials was imn 1 exam- ! seneea mwe present paper
ined in extensive materials sci- wereconduc~ed at the
ence test programs. Sllffitce Laboratory fOli Ma hine Tools
macmpitting rolling tests and , and Production. Engineering at

20MnCrS reference variant is 9 percenlabove the tooih pulsator tests were thencar- AaclJen Technical Uiniversityas
1100111. fOOt. was not tested ioroot load-carrying capacity of ried Ollt. at the WZL on sin- part of a project sponsored by
the shot-peened state. the unpeened reference van- tered gears made with the the Getman Federal Ministry of

Figme5shows die SIN- ant. newly-developedPM materi- Education and Research
curves for the conventional Final~y" load carrying als, in order to determine (Project. No, 03N30Z4). The
20MI'lCrS case-hardening capacity tests were carried out tooth-root load-carrying authors wish to thank the
steel referenoe variantand the wiili the sintesed variant V2 ..In ,capacity. Rolling test results Federal Ministry of Education.
VI and V2 PM variants. The the tests •.the sintered test pin- show that single-sietered, and Research I(BMBF) far its
tooth root stress continuously iOD was mating with a bigh-density PM rollers can financial support. 0
willlst:oodl bytbe 20MnCr5 16MnCr5 WfOlIghtsteel gear, achiev:e a continuously with-

reference variant is approxi- in onler to investigate the sin- standable Henzian pressure
mately6Rl ",900 Nlmm2, The tered material V2at the pinion. O'HO representing some 82 per-
equivalent value for the Figure 6 contains 'the testoent of the rolling strength of
Variant 1 sinteredgears is points already covered for the reference material. An
roughly 2S percent below that variant V2, indicating the analysis of available test roll
figure, at O'RJ = 685 Nl.w. Hertzian pressure O'HO and. the damJligepatterns indicated no
The value for Variant 2 is Go '" torque Mll applied to the pin- significant differences be-
745 N/mm2, or about 18 per- iOIL 1bevarying moduli of tween damage to the IUgh.-
cent below the reference vari-elasticity fOF the pinion (ZI = density sintered rollers and the
ant. Shot peening increases 25) and! the gear (Z:2 = 26) were reference roUers. Of interest in
the tooth root load-carrying taken. into account in. caleulat- this context is the fact tbat that
,capacity of the PM gears. ing the Her:ttian pressure. In bigh rolling strength was
Both PM variants ,achieve a the case of l!be sintered materi:-attained by single-smtered test
oontinuously withstandable al, the modwus ,of elasticity rollers whicb had not been
'looth root stress of O'fI) = 1000 determinedultrasomcaUy en slIbjected toadllitionaI bot
N/mm2approximately, which the sintered rollers (p' '" 7 ,63 peening treatment The tooth-
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root load-carrying Icapacity of
the sintered gears was exam-
ined on gears with a module
.DIn = 3.5 mm in ilbe unpeened
and skat-peened states, The
high-density PM gears attain
rougbly 80 percent of the load-
carrying capacity oflhe refer-


