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Abstract

This Note presents a formula for estimating the temperature of a distributed

resistor or resistor chain that is immersed in a dielectric medium, which in

turn is surrounded by a heat reservoir. An example computation from an

actual instrument is included.
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High voltage instrumentation often imposes its highest potential differences across very

long distributed resistors or chains of discrete resistors, so that the potential drops over a

long distance. The intent is to keep electric fields below thresholds that may cause dielectric

breakdown of the surrounding medium. A further desirable feature of resistor chains is that

each discrete resistor may be rated at only a fraction of the total operating voltage, which

in general makes it less expensive and more readily available.

Resistor chains are often embedded in a dielectric medium for reasons such as the need

to displace air in regions of high electric field by a high dielectric strength material, the

need to mechanically secure and support the resistor chain, safety considerations, reliability

considerations and protection against hostile environments. Two types of dielectric media are

typically used for this purpose: oil baths, which allow convenient access to components; and

so-called "potting" compounds, which are solidified polymer blends such as polyurethane.

The dielectric strength of air is variable, depending on pressure, density, electrode sepa-

ration and moisture content; but dry air at atmospheric pressure and room temperature has

a dielectric strength of 4.7 kV/mm for plane electrodes separated by 1 mm'. In comparison,

polyurethane resin has a typical dielectric strength of CO kV/nim at 23 °C2, and the typical

dielectric strength of epoxy resin is 92 kV/mm at 23°C3.

Although common dielectric materials are better thermal conductors than air (thermal

conductivities: polyurethane potting compound, KKSO.107 VVm^'K"1 4; air at 298.2 K,

K=0.02G VVm"1 K"1 5), embedding resistor chains in the dielectric- medium severely dimin-

ishes the effectiveness of cooling by air convection. In the presence of air convection, in

particular if it is fan assisted, the surrounding air acts as a heat reservoir at. ambient tem-

perature. Any medium surrounding the resistors serves to partially insulate them from the

heat reservoir. Consequently, the embedded resistors will be operating at elevated temper-

atures under these circumstances.

This raises concerns about whether the temperature ratings of either the dielectric ma-

terial or the resistors are being exceeded. The purpose of this Note is to convey a simple,

approximate formula for estimating the temperature at the surface of the resistors. This



temperature is definitely the maximum value for the dielectric. It is also the most appro-

priate temperature to use for the resistors, since the temperature ratings of resistors are

expressed in terms of '"ambient" temperature, implying the temperature of the immediately

surrounding medium.

Approximate the resistor chain by an infinitely long, cylindrical distributed resistor.

The resistor has radius r and dissipates power per unit length p. Assume that the dielectric

material surrounding the resistor has thermal conductivity K, and is moulded into a circular

cylinder that extends out to radius R. The air surrounding the dielectric is assumed to

behave as a heat reservoir of temperature Talnu. One can demonstrate that when steady

state is attained, the temperature at the surface of the resistor TTC, is,

An illustrative compulation will be undertaken for a high voltage transient suppression

network of inductors and resistors that was actually constructed and inserted in an electron

spectrometer0. The preponderance of power dissipation, being 2.59 W, occurs in a chain of

six identical resistors, whose total length, including all bodies and leads, is 205 mm. Thus p =

12.6 Wm~'. The cylindrical resistors have r = 3 mm. Although the surrounding dielectric

material has a rectangular cross section, an approximate mean radius is R — 65 mm. The

electrical potting compound that is used is "3M Scotchcast No. 4407 Polyurethane Resin",

which has an approximate thermal conductivity K = 0.167 Win"1 K"1 4. Substitution into

(1) yields Trc. = TM,,t, + 37°C for the approximate surface temperature of the resistors. With

71mb = 25 CC, one obtains Trcs = 62 °C.

For temperatures below 70 °C, the resistors have a rated maximum power dissipation of

1 W each; weil above the 0.43 W that each resistor dissipates in this network. Although

the potting compound data does not nominate a maximum temperature that the hardened

resin can withstand, the fact that the resin is thermosetting suggests that it can withstand

temperatures above 62 °C. Certainly, there is no sign of deterioration of the potting medium

after prolonged exposure to ihe elevated operating temperature of the network.
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