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Abstract
This paper reviews recent achievements in gear tooth bending strength and rolling contact fatigue resistance
of powder metal materials in comparison to wrought steel materials for automotive applications. Prototype
powder metal gears and rolling contact fatigue (RCF) rollers were pressed from commercially available
low--alloyed iron powdermixes, sintered, surface densified, casehardenedand optionally hard finishedusing
commercially available equipment for all manufacturing steps. The reference gears and rollers were
machined from common wrought steels. The results evaluated on the prototypes show that powder metal
materials meet wrought machined materials’ gear tooth bending strength and RCF--resistance.

Copyright © 2008

American Gear Manufacturers Association
500 Montgomery Street, Suite 350
Alexandria, Virginia, 22314

October, 2008

ISBN: 978--1--55589--938--7

Copyright American Gear Manufacturers Association 
Provided by IHS under license with AGMA 

Not for ResaleNo reproduction or networking permitted without license from IHS

--`,,```,,,,````-`-`,,`,,`,`,,`---

Full document details: AGMA 08FTM08 2008

http://www.avadocuments.com/doc/agma-08ftm08-2008
http://www.avadocuments.com/doc/agma-08ftm08-2008


3

PM Materials for Gear Applications

Senad Dizdar, Pernilla Johansson and Ulf Engström, Höganäs AB
Ian Howe and David Milligan, North American Höganäs

Introduction

Developments in the automotive industry toward
relatively inexpensive, high performance vehicles
with low fuel consumption and low environmental
impact put high demands on materials for automo-
tive gear applications. Such developments require
compact size but high strength automotive gear-
boxes. Thegears thatmeet automotive industryde-
mands aremadeof lowalloyed steels for casehard-
ening such as AISI 5115 (DIN EN 16MnCr5) or
8620 (21NiCrMo2). Thegears aremanufacturedby
a process route consisting of three principal opera-

tion steps: softmachining, case hardening andhard
finishing. These gears achieve higher than
1000 MPa in gear tooth bending strength σFE and
1500 MPa in gear pitting resistance σHlim per
ISO 6336.

Conversely, powder metal materials have, until one
or two decades ago, been associated with low cost
and low performance gear applications, such as
pumps, hobby and household applications. Howev-
er, the introduction of high density technologies im-
provedgear density levels andby this theirmechan-
ical strength. Warm compaction [1] improved
density levels of parts suchas power tools’ gears up
to 7.2–7.3 g/cm3, and offered a lower cost alterna-
tive to double press double sinter (DPDS) route.
High velocity compaction [2] offered the possibility
to cost effectively single press large single level
powder metal parts such as parking gears up to
7.2--7.3 g/cm3. Finally, gear surface densification
techniques [3] open possibilities to fully densify the
tooth surface to a depth that Hertzian contact
stresses in the gear flank and bending stress gradi-
ents in the gear tooth root are within it.

This paper has been aimed to review recent
achievements in high performance metal powder
gears manufactured by powder metallurgy routes
consisting of pressing, sintering, surface densifica-
tion and case hardening.

Experiment and material

Performance levels that powder metal gears
achieve were evaluated on simple spur gears from
an automotive application and rollers from RCF test
by ZF Friedrichshafen. Figure 1 shows the
prototype gear, basic facts about the gear tooth root
bending testing and a brief schedule of gear
bending stress calculations according to ISO 6336.
Figure 2 illustrates the ZF--RCF test and lists some
facts bout the RCF--testing.

Gear data
Teeth number z = 18 mm
Module mn = 1.5875 mm
Pressure angle αn = 20°
Face width b = 10 mm

Fatigue testing
Electromagnetic resonance machine = Vibrophore
Test frequency f = 80 -- 120 Hz
Stress ratio R = σF0 min/σF0 max = 0.1
Test stop criteria:
--3× 106 load cycles (runout) or 5 Hz frequency drop

Tip contact ISO 6336
sFn = 3.03 mm
hFa = 2.95 mm
ρF = 1.0 mm
αen = 29.6°Tooth root bending stress ISO 6336
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Figure 1. The prototype gear, its gear tooth
root bending testing and a brief schedule of

gear tooth bending stress calculations
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