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Abstract: - This paper deals with the fault diagnosis of a brushed DC motor used as a pump in an automotive 

fuel module. The jamming, direction of the rotation and the angular velocity are indirectly measured without  

access to the rotor. Two implemented approaches are presented. The first method uses the FFT analysis of the 

measured current for the estimation of angular velocity together with the load of the pump using suction. The 

developed test lasts min. 6 sec. and reliably detects the direction of the rotation. The second method uses a 

magnetic field sensor for the detection of the rotation direction. Although it provides a simpler setup and a 

shorter measurement time, it is also more sensitive to noise and the precise positioning of the sensor.  

 

 

Key-Words: - DC motor diagnosis, automotive production, sensorless motion measurement, application of 
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1 Introduction 
The production of mechatronics parts for the auto-

motive industry is extremely sensitive to faults. The 

quality goals are defined as several fault pieces per 

million products with the trend towards a zero-fault 

strategy.  

The modern car consists of dozens of electrome-

chanical actuators, typically brushed or brushless 

DC motors. Although BLDC are used in some ap-

plications [7], brushed DC motors are still much 

more frequent mainly due to lower cost (of both the 

power electronics as well as the motor itself) and 

easier control (especially for position control appli-

cations) [5, 8, 9, 10]. 

This paper deals with the fault diagnosis of the 

automotive fuel pump with brushed DC motor. The 

motor is mounted inside the plastic fuel pump mod-

ule (nr. 23 in Fig. 1) and there is no direct visual or 

mechanical access to the moving rotor. Due to strict 

pricing constraints, no velocity and/or position sen-

sor is available. 

The aim of the diagnosis is to detect and isolate 

these main faults at the end of the production 

process: 

• non-rotating (jammed) pump (e.g. piece of 

material in pump turbine),  

• incorrect connection wires soldering  (mis-

take made by human operator) 

• damage to the commutator and/or bearings 

leading to small angular velocity of the mo-

tor. 

The applicable methods and approaches are limited 

by requirements such as: low maximal voltage dur-

ing test, low maximal available time of the test, dry 

test only and high infallibility of the test. Other im-

portant factors are the weight of the complete fuel 

module which determines the usability of testing 

using inertial sensors, the material properties and the 

overall construction of the fuel module.    

 

 

2 Overview of methods for brushed 

DC motor movement detection 
This section briefly describes the principles of sev-

eral methods for motion analysis applicable to a DC 

motor. Next, the following Sec. 3 deals with the 

implementation of the selected methods into the 

functional test bench.  
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Fig. 1.: Schematics of fuel pump in the module [4] 

 

 

2.1 Detection of brushed DC motor jamming 
The detection of motor rotation can be easily done 

using just the current sensor.  

The standard model of a brushed DC motor con-

sists of two coupled equations (electrical and me-

chanical): 

d

d
emf

i
u L Ri k

t
ω= + +   (1) 

emfJ k i bω ω= −ɺ   (2) 

where u is supply voltage, i is electrical current, L is 

inductance, R is resistance, emfk is speed const., ω  

is angular velocity, J is inertia of the rotor and b is 

viscous friction.  

Neglecting L, we obtain the static electrical eq.:  

1
( )emfi u k

R
ω= − .  (3) 

Obviously, the starting current is equal to 

/i u R= and thus is higher than the current in 

steady state rotation of the motor (3) when ω >0. 

This starting current peak can be easily used for the 

detection of jamming of the motor. 

 The influence of the inductance neglected in 

(3) compared to (1) is shown in Fig. 2.  

 

 

2.2 Speed measurement using current ripples 
During the rotation of a brushed DC motor the 

commutator switches between the individual coils. 

This switching causes rippling of the armature cur-

rent which can be used for speed measurement. 

Fig. 3 shows an example of typical current ripples 

measured by hall sensor LEM LTS6NP and the 

relevant frequency spectrum. The most significant 

peak at approximately 400Hz corresponds to motor 

rotational speed multiplied by the number of com-

mutator sections.   
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Fig. 2.: Comparison of static and dynamic models 

of the DC motor (simulation results)  

 

 

 
Fig. 3.: Current ripples measured on running fuel 

pump (Top: 50mV corresponds to approximately 

152mA; Bottom: frequency spectrum). 

 

 

There are many different methods for the estima-

tion of the motor speed based on the measured cur-

rent [1, 2, 3, 6].  
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For an offline analysis one of the possible and 

most straightforward approaches is FFT analysis. 

 

 

2.3 Pump loading using suction 
The rotation direction could be easily detected using 

the wet test with the fuel or another suitable liquid. 

However, in production the dry test is usually re-

quired. Therefore only compressed air can be used 

for loading the pump.  

The fuel module is equipped with a return valve 

and thus only the negative pressure (suction) can be 

used for real testing. The electronically controlled 

ejector with sufficient capacity can be used for prac-

tical implementation.  

The air flow generated by the ejector (320 l/min 

at 5 bars) cannot provide enough power to directly 

move the rotor of the turbine due to the mechanical 

friction in the bearings and at the commutator. 

However, the significant influence of the angular 

velocity of the motor supplied by constant voltage 

can be measured.   

 

 

2.4 Direction detection using hall sensors 
Another approach to determine the direction of the 

DC motor is to measure changes in the magnetic 

field outside the motor. As these changes are really 

small (units or tenths of units µT measured at a dis-

tance of 20 mm outside the outer diameter of the DC 

motor pump), a precise analogue hall sensor has to 

be used.  

Such sensors are available as 3-axis magnetome-

ters, usually used as an electronic compass i.e. for 

mobile devices. Linear hall sensors have already 

been used as rotary position sensors [11,12,13]. 

However these sensors usually have lower sensitivi-

ty, which makes them almost impossible to use to 

reliably detect the changes in the magnetic field 

outside the brushed DC motor. 

The MAG3110 high accuracy 3-D magnetometer 

has been used in the presented experiments.  

Fig. 4.: shows six pairs of changes in the magnet-

ic field. Zero is the relative value taken before start-

ing the motor. The slight differences between the 

values in the same directions are due to the sensor 

magnetisation induced by the magnetic field of the 

motor. 

The difference between the vector orientation of 

DIR- and DIR+ is significant enough to determine 

the direction of the motor. 

 

 

 
 

3 Implementation and results 
The implementation of two different approaches for 

the detection of direction is presented in this section. 

Both were implemented using Rapid Control Proto-

typing techniques with the use of a dsPIC microcon-

troller [5].  
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Fig. 4.: Changes in the magnetic field: six different 

measurement runs; each run goes in both directions 

 

 

3.1 Speed measurement with suction 
The first approach combines speed estimation using 

FFT analysis of the measured current (Sec. 2.2) 
with the load of the pump using negative pressure 

(Sec. 2.3).  

Because of the requirement of a dry test, the du-

ration of the test must be minimized and also the 

applied voltage must be as low as possible to avoid 

damage to the pump under testing. Furthermore, the 

supply voltage should be switched using relays with 

optical isolation for the minimization of switching 

losses.   

The test consists of the following steps:  

1) Activation of the ejector – the setting of sta-

ble negative pressure requires about 2 sec.  

2) Rotation one direction (1 sec.). 

3) Rotation with reverse direction (1 sec.). 

4) Deactivation of the ejector (pressure returns 

to zero immediately).  

5) Rotation both directions without neg. pres-

sure.  

The corresponding measurement of the armature 

current is shown in Fig. 5.  

Next, the analysis of the data is performed in 

these steps: 

• detection of the jamming (see Sec. 2.1) 

• FFT analysis of four parts of the measured sig-

nal and determination of the velocity 
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• comparison of the four velocities – there are 

several options how to construct the logical 

condition for direction detection, after some ex-

periments the following form is used:  

(v1>v3) & (v4>v2).  

The resulting implementation was tested on several 

different fuel pump modules with very satisfactory 

results. 
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Fig. 5.: Top: Current signal; Bottom: Frequency 

spectrum of the current ripples. 

 

 

3.2 Detection of rotation direction using hall 

sensor 
The second approach uses the hall sensors only 

(Sec. 2.4).  

The hall sensor is connected to the dsPIC micro-

controller via an I2C bus. Data from the magneto-

meter is acquired at the rate of 80Hz in all three 

axes and sent to a PC via a UART-to-USB conver-

ter. 

The test consists of the followings steps: 

1) Sensor activation, steady state measure-

ment. (t = 0..1s) 

2) Rotation in one direction. (t = 1..2s) 

3) Pause. (t = 2..3s) 

4) Rotation in opposite direction. (t = 3..4s) 

5) Data analysis.  

An example of the measured data is shown in Fig. 6. 

Note that the values in step 3) are not equal to the 

initial step 1) due to magnetization of the sensor and 

motor housing.  

This clearly demonstrates that only a relative 

change of the magnetic field can be used for the 

detection of the rotation direction.  

Therefore the analysis of the measured data 

compares only the peaks after the start of the motor. 

For the correct rotation direction, the following con-

dition must be met:   

(p1X > pX0) & (p3X < pX0),  

where pX0 is the threshold value for the peak detec-

tion and p1X, p3X are peak values in t=1/3 sec. 

Similar conditions can be found for the Y and Z 

axis and combined together according to the actual 

positioning of the sensor.   

The final implementation was tested on several 

different fuel pump modules and has proven to be 

reliable.  
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Fig. 6.: Changes in the magnetic field: TOP: motor 

voltage; BOTTOM: magnetic field components. 

 

 

4 Conclusion 
Two approaches for the detection of the rotation 

direction of a brushed DC motor are presented in 

this paper. Both were practically implemented and 

verified on a test bench using RCP techniques.  

The first one requires a source of compressed air 

and needs at least 6 sec. of pump running and meas-

urement. 

The second approach allows a significant de-

crease in the measurement time but is more sensitive 

to electromagnetic disturbances, measurement noise 

and also the positioning of the sensor relative to DC 

motor. 

The combination of the two presented techniques 

can lead to a more robust and reliable solution for a 

brushed DC pump fault diagnosis. 
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