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Choice of Metals for Mouthpieces

There are a few key physical properties that define a metal for use as a horse bit. These relate to
the metal’s yield strength, its hardness (e.g. Rockwell hardness, HRB) and its ‘warmth’. This final
property relates to the feel of ‘coldness’ when held in the hand and this relates to the thermal

conductivity (/), the density (r) and the specific heat capacity (Cp).

Yield Strength (YS): This is measured by pulling a rod of the material until it permanently
deforms. The force, F, required in deforming a rod of area, A is given in the yield strength as;

F
YS= Kand the unit of measurement is the Pascal, or megaPascal, MPa.

The Rockwell Hardness (HRB): Is a measurement using a diamond tip and by applying a known
force into the material, producing an indentation of a size that is then measured. Higher values
mean a harder material.

The density, 7: Is measured as the mass, m, of material contained in a particular volume, V, i.e. in

m
units of V which are kg/m3 or kg m®. Materials of higher density will feel heavier.

The thermal conductivity, /: Heat transfer rate. Relates to the rate at which the bit would reach
body temperature when held. It has units of power (Watts, W) divided by length and temperature

(in Kelvin) i.e. Wm K™ . Power is the rate of energy flow, measured in Joules per second.
Higher thermal conductivity will mean that a bit will reach body temperature more quickly.

The specific heat capacity, Cp: This is a bit more obscure but it is a measure of how much heat
energy is required to raise a piece of material by 1 °C. Suppose you have two ball bearings of
different materials having identical thermal conductivity but with different specific heat capacities.
If you hold the one with the lower C; it will feel warmer because you do not need to lose as much
body heat energy to warm it up.

Required and desirable properties

Strength: All metals have strength vastly in excess of that required for safe use as a bit. For
example, if we take a bit mouthpiece with a cross section in its narrowest part of, say, 20 mm?,
and a yield strength of 150 MPa, the load (force) required to deform this mouthpiece would be
around 300 kg. Forces in practice during riding rarely exceed 100 kg. We regularly perform Yield
Strength tests on fully assembled products to ensure that this deformation will not arise during
normal use.



Hardness: The properties required of a bit are that it is strong (unbreakable in use), warm to the
touch and soft. However if the bit mouthpiece is too soft (as in pure copper) and the bit rings are
too hard, there will be considerable wear on the bit ring holes in the mouthpiece which would
become weakened. Therefore care should be taken to not reduce the hardness of the
mouthpiece to far below that of stainless steel which is the most common material for the rings
and cheek pieces. Hardness is dependent upon composition and the thermal and mechanical
history of the products. Salox is of intermediate hardness. See Technical Sheet NS/02 for more
details.

Warmth: This vital property may seem hard to define but can be quantified in terms of the
thermal conductivity, the density and the specific heat capacity. The rate at which a bit warms up
in the horses’s mouth depends on these three parameters and its size. Suppose however we take
bits of identical design (size and shape) but made from four different metals we can produce the
following graph.
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The main differences in the warm-up time are due to the different thermal conductivities. Salox

has a thermal conductivity, /, over 100 Wm™K™. Clearly Stainless Steel with / = 16 Wm™K™, is
the slowest to warm up but notice that the Salox mouthpiece reaches mouth temperature (~ 37
°C) well before all the other bits. In fact it has a time constant (the quantity that determines the
shape of the heating curves) almost 10 times that of stainless steel. If the time scale were to
represent seconds the Salox mouthpiece would reach 70 % of mouth temperature within 0.5
seconds, whilst the other UNS-coded copper alloy bits would reach this level after 2 seconds and
would still be warming long after the Salox bit has reached body temperature.

The heating rate of the bit is modeled with an exponential function having a characteristic time

c,/7A
constant, £, given by; [ :pT where A is the area of the bit mouthpiece (assumed identical

between all four bits in our example.) Larger values of  produce a slower heating rate. When we

put in all the appropriate values for Salox, £ has the lowest time constant of any metals used in bit
manufacturing.

Sweetness: The sweet taste of copper has long been known to improve acceptance of the bit
and in modern times has largely taken the place of sweet iron which tarnishes as a natural part of
its properties. Salox is a high copper content alloy, free of Nickel, which is highly resistant against
tarnishing but in the slightly alkaline environment of the mouth (horses produce bicarbonate in
saliva) trace quantities of copper can be converted into insoluble copper salts which may be
responsible for the sweet taste. The graph below shows, on a logarithmic scale, the solubility of a
number of metals as a function of pH. Notice that at pH 7 (around the level of saliva) Nickel



becomes substantially more soluble than copper whilst chromium (a major component of
Stainless Steel) is much lower.

If you have any further technical questions we are happy to try to answer them. Please direct
technical questions through our web site email address.
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