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Abstract—Testing was performed to determine the utility of 
brake electromagnet current measurements as an indicator of 
brake assembly differential temperatures. Using a pair of electric 
brake electromagnets, heat transfer times were determined and 
temperature dependent differential current measurements were 
made. When using an appropriate electric brake current 
monitor, readily observable differences in brake electromagnet 
currents can indicate temperature differences between the 
individual brake assemblies on a towed vehicle, which reflect 
variations in mechanical behaviour and brake performance. 
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I.  INTRODUCTION 

Electric drum brake assemblies are commonly fitted to 
towed vehicles, such as caravans and trailers, due to 
manufacturing costs, reliability and simplicity. These brakes 
are actuated by an electromagnet (usually referred to as the 
“magnet”), as shown in Fig. 1. The magnets contain multiple 
windings of annealed copper wire, which are subject to a 
resistance change as the magnet changes temperature. 

Conventionally, the electric current (usually pulse width 
modulated) required for brake activation is supplied by an 
electronic brake controller mounted in the tow vehicle driver’s 
cabin, although some more recently produced units may be 
mounted on the towed vehicle. Existing electronic brake 
controllers may monitor combined brake magnet currents 
(magnets are normally wired in parallel) but do not provide 
differential brake magnet current monitoring capability. 

Recently, wireless monitoring systems that provide 
differential electric current measurement data have become 
commercially available [1], and can be retrofitted to existing 
electric brake systems. 

 Although the electric current monitoring systems cannot 
provide temperature measurements directly, differential current 
values may provide useful information related to temperature 
differences that exist between the brake assemblies, providing 
early warning of a fault condition that might affect braking 
performance or reliability. 

Testing was undertaken to determine the efficacy of 
monitoring brake assembly temperature differences via the 
existing internal brake magnet winding currents. 

 

 
Figure 1. Typical electric brake assembly internal 
components (brake drum removed). 

A. Thermoresistivity 

Thermoresistivity refers to the variation of electrical 
resistivity as a function of temperature [2]. Debye theory 
models the resistivity of virtually all materials as a function of 
of Tn, with n ≈ 5 for temperatures below the Debye 
temperature, and as a function of T1 above the Debye 
temperature. For most metals, the Debye temperature is 
approximately 300 K, so the resistivity can be modelled as a 
linear function of temperature above room temperature [2]. 

IEEE Standard 112 Section 5.2.1 [3] provides (1) to 
determine the changed electrical resistance value resulting from 
a change in the average temperature of an electrical winding. 

 

   (1) 

 

where 

 is the known value of winding resistance, ohms, at  , 

 is the winding temperature℃ when  was measured, 

 is the new temperature ℃, 

 is the new resistance, in ohms,  at temperature , 

 is 234.5 for 100% International Annealed Copper 
Standard (IACS) conductivity copper [3], [4]. 
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B. Brake Assembly Temperatures 

It is estimated that the friction lining surface in contact with 
the brake drum may reach temperatures as high as 700℃ [5].  
Nearly all the heat developed at the contact interface is 
conducted away by the brake drum, potentially leading to brake 
drum temperatures higher than 300℃ [5].  

Under normal driving conditions, on relatively flat ground, 
the brake assembly temperature could be expected to range 
from 40℃ to 100℃ [6]. A controlled mountain grade descent 
can produce brake temperatures between 100℃ and 200℃ [6]. 

Extreme brake temperatures may be signalled by brake 
resin odour at 290℃ and visible smoke may be present at 
temperatures around 450℃ [6]. 

Heat is transferred from the brake drum to the surrounding 
air and adjacent parts of the brake assembly by radiation, 
convection and conduction mechanisms. 

C. Heat Transfer to Electromagnets 

The brake magnets are contained within the brake drum and 
brake assembly backing plate, so heat is transferred to them by 
all the processes previously identified, i.e., radiation, 
convection and conduction. 

When the magnets are not energised, a small spring holds 
the magnets against the surface of the brake drum (usually 
referred to as the armature plate) with a relatively light 
pressure, to minimise friction. The main purpose of the spring 
is to ensure that the magnets are close enough to the drum 
surface to actuate the brake assembly when the magnets are 
energised. Boundary layer air attached to the rotating brake 
drum surface may produce additional separation of the magnet 
and drum but this was not investigated or quantified. 

When the magnets are not energised, radiation and 
convection provide heat transfer from the brake drum to the 
magnets. Varying amounts of light surface contact also provide 
a poorly characterised thermal conduction path. 

When the magnets are energised, they are attracted to the 
brake drum, which provides increased contact pressure and 
area, further increasing heat transfer from the brake drum to the 
magnet by conduction. 

Sources of energy contributing to the magnet temperature 
during normal operation at 100 km/h include [7]: 

 
● Magnet electrical dissipation (35 watts) 

● Magnet friction against brake drum (1 kW) 

● 250 kg loaded tyre brake assembly (36 kW) 

  

 

 

 

 

II. RESULTS 

To validate the proposition that a typical brake current 
monitor user can derive useful magnet temperature information 
from monitored differential electric currents, all current 
measurements were conducted using the software application 
user interface. The electric current measurement resolution is 
limited to 100 mA by the application user interface so 
quantisation errors, ADC conversion linearity, noise etc are 
comparatively small and unlikely to adversely affect results. 

A. Heat Transfer Time 

The initial test configuration consisted of two electric brake 
magnets attached to a current monitor capable of measuring the 
individual magnet currents. A bench power supply (in voltage 
controlled mode) was used to supply the same DC excitation 
voltage to both magnets via the current monitor. A fan 
circulated room temperature air (measured by laboratory 
thermometer) over one of the magnets, which was used as a 
reference to confirm the excitation voltage stability. 

The other magnet was placed on a preheated temperature 
controlled hot plate at 210℃ and surrounded with an 
aluminium thermal reflector to simulate the environment inside 
a brake drum assembly. 

Before moving the magnet onto the preheated hot plate, 
electric currents were measured to confirm that both magnet 
circuits had similar electrical resistance. The supply voltage 
was adjusted to 10.6 VDC, which provided 3.2 A measured 
currents in both magnets at 29℃ temperature, confirming that 
electrical resistance was similar in both magnet circuits 
(approximately 3.3 Ω). Fig. 2 shows how this appeared in the 
software application user interface display. 

To minimise self-heating of the magnets, the supply voltage 
was only energised long enough to obtain a current reading 
(typically 2 to 3 seconds) and readings were recorded at the 
rate of one measurement per minute. 

 

 

 
Figure 2. Current monitor display shows that both brake 
magnets consume equal currents when the magnets are at 
the same temperature (29℃) 
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Figure 3. Heat transfer to magnet coil winding and 
consequent current reduction. 

 

The heat transfer to the magnet winding is shown in Fig. 3. 
The measured current and known voltage were used to 
calculate the plotted magnet temperature, T, using (2) and (3). 

 
 

(2) 
 
 

 (3) 

Where 

  is resistance determined via (2), 

  is reference resistance at temperature , 

  is the reference temperature when  was measured, 

  is 234.5 for 100% IACS conductivity copper. 

 

As shown in Fig. 3, the magnet winding temperature 
reached maximum temperature equilibrium in approximately 
20 minutes. 

 

B. Differential Current Measurements 

Based on the information obtained during the heat transfer 
test, a second series of measurements were conducted. One of 
the magnets (current displayed as Right Wheel)  was heated to 
a pre-set temperature and 30 minutes allowed for temperature 
equilibrium to be achieved before recording the differential 
current measurements. 

As shown in Fig. 4, the magnet displayed as Right Wheel 
was heated to 60℃ and then 80℃, while the magnet displayed 
as Left Wheel was maintained at 30℃. A temperature 
difference of 30℃ resulted in a current difference of 
approximately 10%, while a temperature difference of 50℃ 
produced more than a 15% difference in current readings.  
 

 

Figure 4. Differential currents displayed when the left and 
right magnet temperatures differ by 30℃ and 50℃ 
respectively. 

 
Fig. 5 shows the results obtained when the test magnet was 

heated to 120℃ and 170℃, simulating magnet winding 
temperature differences that could indicate a brake system 
fault condition. A substantial difference in brake currents is 
immediately obvious. 

III. DISCUSSION 

Due to towed vehicle motion dynamics, electric brake 
systems are required to operate over a broad range of 
temperatures and brake magnet currents. Thermoresistivity 
provides a mechanism to extract useful temperature 
measurement data from the magnet windings but without 
accurate measurement of the excitation voltage there is no 
simple way to derive the absolute temperatures of the brake 
magnet windings, or brake assemblies, from current 
measurements.  

 

 

Figure 5. Differential currents displayed when the left and 
right magnet temperatures differ by 90℃ and 140℃ 
respectively. 
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However, it is anticipated that no matter what the braking 
circumstances, all brake assemblies on the towed vehicle 
should normally experience similar temperature fluctuations. 
Comparative observation of electric currents in individual 
brake magnets can reveal behavioural differences that could 
indicate mechanical or electrical variations which should not 
exist. 

A. Obtaining Measurements on Vehicles in the Field 

1) Similar current measurements to those discussed in 
this paper can be made in real time during normal 
braking events if the vehicle is fitted with an 
appropriate brake current monitoring system. 

 
2) After stopping the vehicle, using the tow vehicle 

brakes or activating the brake controller manual 
override to energise the magnets can provide current 
readings. This method has the advantage of not 
generating additional heat from braking activity or 
potentially interacting with other road traffic. It also 
allows  the driver’s attention to focus on the 
measurement. 
 

3) If the vehicle is already stopped, another method is to 
detach the trailer plug from the tow vehicle and 
activate the breakaway system. Using the breakaway 
system allows excitation of the brake magnets with 
unmodulated DC at the full breakaway system battery 
voltage, which may provide higher magnitude current 
measurements. 

 

B. Implications of Magnet Current Differences 

Historically, electric brake temperature differences 
(typically measured by hand or IR thermometer) have been 
commonly reported in internet user groups and forums. Based 
on information contained in manufacturer’s documentation and 
also communications on internet forums, the following 
potential causes of uneven brake assembly temperatures, after 
little or no braking activity, have been previously reported: 

 Wheel bearings. Excessive preload can generate heat 
in the bearings that is conducted through the brake 
drum [8], [9]. 

 Park Brake adjustment. Towed vehicle park brakes 
that are adjusted too tight may activate the brakes 
during suspension movement, or possibly handbrake 
cable movement induced by vehicle motion [10]. 
Variations between individual brakes may result in 
one brake assembly heating up more than the others. 

 Corrosion. Friction difference on one side due to 
corrosion on the brake drum [11]. 

 Mechanical adjustment [11]. There appears to be a 
wide variation of opinions, and perhaps practices, 
related to adjustment of electric brakes.  Older 
manufacturer’s documentation may have specified a  
specific number of “clicks” to back off the adjuster 
after getting the brakes to lock, whereas recent 

manufacturer’s documentation typically specifies 
backing off the adjuster to allow the trailer wheel to 
turn ¾ to 1 revolution freely when spun [10]. A 
conservative strategy is to adjust the brake clearance 
in accordance with the manufacturer's instructions and 
then monitor closely for any problems. If new brake 
components have been fitted then another check and 
adjustment should be conducted after suitable 
burnishing and 300 kms of usage. 

 Brake shoe alignment off, resulting in one end of shoe 
rubbing against brake drum [12]. 

 Broken or disconnected spring in a brake assembly 
[11]. 

 Contamination on one side, e.g. a piece of broken 
spring, or a rock embedded in brake lining [11]. 

 Backing plates. Multiple forum posters have reported 
that misalignment of the backing plate and brake 
assembly can cause heating on only one brake 
assembly [13], [14]. 

 Earth faults [13]. Combined tail-light and stop-light 
assemblies on either the tow vehicle or the towed 
vehicle can develop a compromised earth connection, 
which can energise the stoplight circuit if the tail 
lights are on. Consequently, the brake controller, 
which senses the stop light circuit voltage, may deploy 
the brakes if the voltage exceeds the input threshold 
voltage. Variations in brake adjustments can result in 
only one brake heating, or perhaps all the brakes will 
be activated. Proportional brake controllers may apply 
only a small energising current to the brakes because 
no braking related g-force is being detected. 

 Brake component geometry affected by wear or 
machining, resulting in binding of magnets or shoes 
and incomplete retraction following application [9]. 
 

Additionally, uneven brake assembly temperatures 
following normal braking activity have previously been 
reported with the following possible causes: 

 Everything listed in the previous section concerning 
one brake heating up with little or no braking activity. 

 Variations in mechanical adjustment or brake 
component geometry may lead to temperature 
differences under light braking. This behaviour is 
observed when all the brakes do not engage at 
precisely the same time and the overall contact times 
are relatively low. 

 Incorrect brake shoe clearance [10]. 
 Worn magnet [10]. 
 Worn out drum or brake lining [10]. 
 Loose magnet arm, resulting in less braking on one 

side [12]. 
 Mechanical interference in brake components (magnet 

arm and brake drum hub), preventing full deployment 
of brake shoes against drum surface [9]. 

 Bent backing plate [15]. 
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 Wheel bearing grease has leaked out and contaminated 
the brake shoes on one assembly [10], [11]. 

 Extra corrosion in one brake drum [11]. 
 Unbalanced towed vehicle loading or mismatched 

tyres [11]. 
 Intermittent cabling fault. The magnet currents may 

appear to be similar when the vehicle is stationary but 
intermittent connection to a single magnet can appear 
when the vehicle is moving or subject to inertial forces 
during braking.  

 Wrong type of magnet. Suppliers on eBay may 
describe magnets as suitable for both 10” and 12" 
brake assemblies. The mechanical size of the magnets 
is much the same but different magnet wire colours 
indicate different performance characteristics. They 
may draw the same current but produce different 
levels of magnetic force, which will affect braking 
behaviour. The magnets that produce higher magnetic 
force are more expensive and usually fitted to 12” 
brake assemblies. Fitting those magnets to 10” brake 
assemblies can make them too sensitive and hard to 
adjust [16]. Conversely, fitting the lower performance 
magnets to a 12” brake assembly may result in brakes 
that seem very weak 
 
   

IV. CONCLUSIONS 

The measurement of individual brake magnet currents 
permits comparisons to be made, which can provide valuable 
diagnostic information to the tow vehicle driver regarding 
relative temperature variations arising from differing 
mechanical behaviour in brake assemblies. This additional 
diagnostic information can help to prevent expensive 
maintenance or braking system performance issues. 

REFERENCES 

[1]  “BTLE Systems Electric Brake Monitor,” 2017. [Online]. Available: 
http://www.btlesystems.com. [Accessed 2017]. 

[2]  I. J. Busch-Vishniac, Electromechanical Sensors and Actuators, New 
York Berlin Heidleberg: Springer-Verlag, 1999.  

[3]  IEEE Standard Test Procedure for Polyphase Induction Motors and 
Generators, IEEE Standard 112, 2004.  

[4]  United States National Bureau of Standards, Copper Wire Tables, 
1914.  

[5]  A.-M. Puncioiu, “Thermal Calculation of a Special Vehicle Drum 
Brake System,” 2015. [Online]. Available: 
http://www.armyacademy.ro/reviste/rev3_2015/PUNCIOIU.pdf. 
[Accessed 2017]. 

[6]  J. C. Glennon, “Brake Failure Analysis,” 2017. [Online]. Available: 
http://www.crashforensics.com/brakefailure.cfm. 

[7]  W. E. Richeson, “Magnetic Brake Assembly”. US Patent 7504920 B2, 
17 March 2009. 

[8]  "Old Techo", “Caravan & Motorhome Forum,” 2013. [Online]. 
Available: 
http://www.candm.com.au/forum/viewtopic.php?f=6&t=15834&p=158 
405. [Accessed 2017]. 

[9]  "rosco01", “Caravaners Forum Technical,” 2012. [Online]. Available: 
http://www.caravanersforum.com/viewtopic.php?t=23027. [Accessed 
2017]. 

[10] AL-KO, “Electric Brake Handbook,” 2014. [Online]. Available: 
http://www.alko.com.au/wpcontent/uploads/2014/10/Electric_Brake_H
andbook.pdf. [Accessed 2017]. 

[11]  Redarc, “Unbalanced Electric Braking,” 2017. [Online]. Available: 
https://www.redarc.com.au/faq-tech-tips/unbalanced-electric-braking. 
[Accessed 2017]. 

[12]  S. Wotherspoon, “Electric Brakes made Simple,” 2014. [Online]. 
Available: https://www.couplemate.com.au/electric-brakes-made-
simple/ . [Accessed 2017]. 

[13]  "garthyguts", “ExplorOz Forum,” 2012. [Online]. Available: 
http://caravanersforum.com/viewtopic.php?f=2&t=69596&p=1010346 
. [Accessed 2017]. 

[14]  "KevKim37", “Caravaners Forum Technical,” 2017. [Online]. 
Available: 
http://caravanersforum.com/viewtopic.php?f=2&t=69596&p=1010346 
. [Accessed 2017]. 

[15]  Vehicle Components, “CIS-01-Electric-Brakes-Rev7,” [Online]. 
Available: 
http://www.vehiclecomponents.com.au/_literature_130550/CIS_01__E
lectric_Brakes. [Accessed 2017]. 

[16] C. Jameson, “E-Trailer Q&A,” 2017. [Online]. Available: 
https://www.etrailer.com/question-91147.html . [Accessed 2017]. 

 
 


