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ABSTRACT

Of the seven base units of the international system of units, only the kilogram is still defined in terms of a material
artifact. One of the experimental approaches opening the way to a new definition of the kilogram is the watt balance. To
improve the performance of the NPL watt balance, we need to quantify and reduce hysteresis effects in the balance
knives. In this paper, we discuss the mechanical characteristics of the knife edges used in the NPL watt balance. The
hysteresis mechanism is analyzed using the finite element method. It is found that the cause of hysteresis is not normal
stress but shear, and the deformation of the flat, rather than the knife, is an important factor in the hysteresis mechanism.
The study presented here, using finite element analysis, suggests that parameters such as material property, tip radius and
knife straightness can be more important than others, such as friction coefficient, tip angle, etc.
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7154y 1. MB
V = voltage generated in velocity mode 9 E W& A(watt balance)s 1976 Ho A=
I = current applied to coil NPL (National Physical Laboratory)2] Kibble' o} 2}3}
m = mass loaded on the weighing pan AgtEleo] 23 A4 (Planck’s Constant)E& ZAH T
g = gravitational acceleration Exog dA7do] g} Had ol2as T8
v = velocity of coil 3 AFE AGS go= G o) AF A
h = Planck’s constant A9 (kg redefinition)E A3l F£HOEA AL
e = elementary charge 37193 A7t A3 Folnt
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Fig. 1 Schematic diagram of NPL watt balance
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Fig. 3 Material properties obtained from full compression
test
Fig. 4 (a) Shear strain distribution
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Fig. 4 (b) Normalized hysteresis change w.r.t. load step
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Fig. 5 Normalized hysteresis as a function of excursion
and tip radius
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Fig. 6 (a) Normalized hysteresis as a function of friction
coefficient
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Fig. 6 (b) Normalized hysteresis as a function of tip angle
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Fig. 7 Normalized hysteresis as a function of applied
load
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Fig. 8 Experimental result of NPL watt balance hysteresis
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