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Abstract
The contact resistance of electrical connections used in aluminium smelter potlines are a source
of wasted energy consumption. This excess energy consumption depends on initial contact
surface cleanliness, contact pressure, contact area, and long term corrosion. The variability of
contact resistance between the anode rod and anode beam (known as ‘clamp drop’), and
between the collector bar and flex connectors can cause uneven current distribution across the
reduction cell which negatively impacts process performance. This research studies the
correlation of contact resistance to contact pressure with different surface cleanliness and with
nickel plating. The materials studied include aluminium and steel connections which are
predominantly used in modern smelter anode and bus connections. The nickel plating is studied
as a surface treatment to lower contact resistance of normally fast oxidizing surfaces such as
aluminium, and to reduce long term corrosion between the contacting surfaces.
Keywords: Electrical contact resistance; energy consumption; clamp voltage drop; anode rod;
anode beam.
1.

Introduction

Approximately 160 mV [1] to more typically 300 mV of total voltage drop, depending on line
amperage, or 4 - 7 % of total smelting power is consumed in the electrical resistance of the bus
bar materials and interfaces, measured as external voltage drop from the collector bar/flex
connection to the anode beam/rod stem interface. The contact resistance between the anode
beam and rod stem is part of this total, however it demonstrates high variability due to poor rod
surface condition, uneven clamping pressure and unpredictable contact area. The resulting
voltage drop, also known as clamp drop as measured during smelter operation, may add over 35
mV to the total cell voltage drop [2].
This paper details laboratory research on contact pressure versus contact resistance for a range
of aluminum and steel materials with varying surface conditions and the use of Hatch’s nickel
plating application for rod stems [3]. The results presented herein demonstrate the potential
reduction in electrical contact resistance that may be obtained by either improving surface
condition, increasing contact pressure or by nickel plating of these interfaces.
2.

Electrical Contact Conditions

The electrical contact resistance between two surfaces, shown in Figure 1, is well known to be
primarily a function of:
- Contact pressure: the higher the contact pressure ~ the lower the contact resistance.
- Contact area: the larger the contact area ~ the lower the contact resistance.
- Surface condition: the cleaner the contact surface ~ the lower the contact resistance.
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