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Increased Load Capacity of
Worm Gears by Optimizing the

Worm Wheel

This paper was published in Antriebstechnik,
December 2001, as the article "Tragfahigkeits-
steigerung bei Schneckengetrieben durch opti-

mierte Schneckenradbronzen."

The lifetime of worm gears is usually

delimited by the bronze-cast worm

wheels. The following  presents some

optimized cast bronzes, which lead to a
doubling of wear resistance.
Introduction

Worm gears are of growing impor-

tance in the field of power transmission.

Above all, increasing environmental

consciousness,  which comes along with

strict  legal restraints  concerning  noise
control, leads to an increased spread of
this low-noise  type of gearing. Apart

from soundproofness, the great range of
gear ratios (i =5-80) that can be realized
within a single stage,

is counted among

the positive properties.

The low noise levels result from high

sliding rates during meshing. High slid-
ing velocities in combination  with rela-
tively high hertzian pressures at incom-
plete initial contact patterns require a

pairing of materials that enables running-
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in. Therefore, material pairings of the

combination  soft/hard are used in worm
gears. Normally,  case-hardened steel
worms are paired with worm wheels
made of CuSn alloys (bronze).  This
material  selection  causes wear, which

might restrict the lifetime of such gears.

On the other hand, wear is of little

importance  for other types of gears with
different material pairings. Thus, strong
efforts are made for substituting  the

bronze with materials of higher wear
resistance  at lower costs,

Today, research  work focuses on
materials like steel (Ref. 1) or cast iron
(Refs. 2 and 3). The results show that
bronze  can be partially replaced.
However, these materials do not reach

the  well-balanced properties  and the

wide range of use of bronze. Con-
bronze will remain the univer-
in the

future. The aim of today's work on opti-

sequently,
sal material for worm wheels

mizing the bronze is to increase wear
resistance  while keeping the specific
advantages  of the material. This wi Il lead

to an improved efficiency and a higher

endurance in worm gears.

Grain Size: 100-160 um
0.05-0.10/0

of strength on nickel and phosphor content.
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Bronze

Copper- Tin Alloys
The bronze GZ-CuSn 12Ni according
to DIN 1705 (Ref. 4) is seen as the stan-
dard worm wheel material nowadays. It
12% tin,
and 0.2%

alloys feature a hetero-

is composed of approximately
2% nickel, 0.2%
lead. Copper-tin

phosphor

geneous  structure,  which  consists  of

a-solid solution (mixed crystals) and an
of (a + 0) eutec-

solidification

incorporated  fraction
toid. The wide
copper-tin

range of
alloys leads to significant seg-
regation, which causes varying concen-
trations of tin within the a-solid solution.

Adding nickel to the binary copper-tin
alloy leads to an increased fraction of
eutectoid and consequently  improves the
is added

for casting reasons, as it reduces the vis-

strength of the bronze. Phosphor
cosity of the melt and thus improves the
Phosphor  addi-

cause embrit-

foundry characteristics.

tives higher than 0.075%

tlement. Lead additives enhance machin-
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