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Abstract: At present Multiple reading head displacement sensor mostly arranged in the form of
geometric or uniform method and the accuracy of reading head is very high for fabrication and
installation, implementation difficulty. This paper proposed a new method of Multiple reading head
measurement under the condition of not increase the difficulty of processing and installation to
achieve high precision. Sensor manufacturing, Multiple reading head are arranged in the same stator
according to the sensing signal phase arithmetic and sharing a rotor . Allows multiple reading head
angular displacement signal and error signal of induction electromotive force with high degree of
consistency and shows periodic arithmetic in the phase rule, reduces the difficulty of error
identification and correction , improve the measurement precision of the sensor. Experiments shows

that: after self-correction with this method, the error of the sensor can beup to *2 .

INTRODUCTION

In the field of displacement sensor detection, Multiple Reading Head often be used in error
calibration and compensation to increase the accuracy of sensors. For example, Masuda and
Kajitani proposed a method that distributed five reading head in a single index plate to calibrate the
error. Zhang Shan zhong analyzed theoretically optical dividing head measurement device, when

distribute N reading head, it can eliminate all K =¢n time error just take the average value as the
reading value”. Dong Feng Su and Xu et a proposed a method to reasonable decorate reading head
by analyzing the harmonic of the main grating ruling error and the uniform layout of the reading
head, can reduce the main grating ruling error 82.6% of harmonic component . GX., Zhang et al.
used the Grating dividing plate with sine function distribution and install non offset four reading
head to correct the error® Masuda and kajitani have six reading head mounted on the main scale in
the way of geometric distance.So an angle measurement system based on encoder is developed to
realize the error correction of the encoder . Zhu Fan and Wu Yiming et al. proposed the method of
eliminating the eccentricity of the grating encoder by using the four reading head 1. Wang Wen put
forward the installation of 6 reading heads, using the simulated annealing algorithm to eliminate the
effect of eccentric angle sensor 1), In the method mentioned above, Multiple Reading Heads will be
strictly in accordance with the specific rules of the installation of high precision, installation is more
difficult.

In this paper, a new type of grating displacement sensor is proposed, the sensor based on its
own structure can form a number of high consistency of the reading head, and the reading head are
arranged according to the Arithmetic Phase, So the displacement error on reading head presents
periodically arithmetic rules . It is very conducive to the sensor error identification and correction,
and improve the measurement accuracy of the sensor.
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SENSOR PRINCIPLE STRUCTURE

The sensor works in a way of one phase - excited two - phase induction method. Having
sinusoidal signal excitation on the excitation winding of the rotor, with the rotation of the rotor, two
channels of induction signals which are mutually orthogonal in the stator can be sensed:

i E;=Usin(@ +b;)sin(wt) R

{E. =U cos(a +b,)sin(wt)

In the above expression g, and E, are sinusoidal and cosine winding induced electromotive force,
respectively; a isrotor angle with respect to the stator; b, isthe i groove angle(Electrical angle).

The following have the sensor with 17p /16 groove angle in stator as an example to illustrate
the method to construct multiple reading heads. Figure 1-1 is the structure of stator ot pitch angle
of17p /16 sensor, 16 sator slot, 18 dot rotor.

Figure 1-1: Sensor structure
The continuous winding on the rotor is excited by a sinusoidal signal, induced electromotive
force in stator dot number | is:

E =U cosfa +(i- 1) 17p /16)sin(wt) (2
In the above expression, E is induced electromotive force; U, -Induced force amplitude; a -
Electrical angle;
In the Figure 1-1, distributed uniform winding of rotor around the positive and negative, stator
winding :

Els:Eg' E25+E11' E27 i Ezs:Eze' E10+E28' E12

WAY1: | 3  WAY2 | 4)
TEc=E - E;+E;- By TExc=Eg- E,tEx-E,

E.. E, -Positive cosine induced electromotive force;

HEAD1. HEADZ:

1 Eg=-4Usn@ +p /16)cogp /16)snwt (5) 1 E,s=-4sin(a +2p /8)cos(p /8)sinwt (6)
1E,. =4Ucos@ +p /16) cos(p /16)sinwt 1E,. =4cosa +2p /8) cos(p /8)sinwt
It can be seen from the output signal: Amplitude of two output signals show the arithmetic
rule in phase, the orthogonal signal is constructed on the stator to form a sine and cosine windings,
then the output signal of the sine and cosine winding is processed to realize the displacement
detection. In the result, the two reading heads just a groove angle displacement difference, the other
is exactly the same. This means that a high consistency of the two reading heads is successfully
constructed on the stator. This provides a good theoretical basis for the calculation of the angular
displacement and the identification and compensation of various errors in the sensor.
After the study found to build sensor method is. for the two-phase sensor and stator dot pitch
angle is equal to pi+ pi/2n (n is the natura number), for three-phase sensors, stator slot pitch

angle is equal to pi+ pi/3n, to appropriate winding way, construct multi head reading the two-
phase sensor or three-phase sensor.
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SENSOR ERROR IDENTIFICATION

A. Error analysis of the new sensor

The new type of sensor contains high harmonic error and low order harmonic error. The high-
order errors include the error of function error, amplitude error, quadrature error, two phase output
mutual coupling error, coupling error of excitation signal, two phase output phase shift error and so
on. Low error caused by the eccentricity and tilt factors such as one, two and three class low error.

(1) Error model of function error

The following have the sensor with 17p /16 groove angle in stator as an example to illustrate
the regularity and characteristics of function error. The magnitude of the induced electric potential
of the first | ot conductor can be expressed as.

E =U }Cos(a +b)+4 [Ascos(g(a +b;) +Bgsin(g(a + bi»)lg 7
| g=1

b, =(i- 1)17p /16,9 - Harmonic frequency; A, , B, - g Harmonic coefficients of harmonic

The reading head 1, which is composed of a sinusoidal winding and a cosine signal, isa signal (8):
US:EQ' E25+E11' E27 Uc:El' E17+E3' E19 (8)

The sine and cosine signals are fed into the error amplifier, error function between input angle and

output angle such as (9), € isthe error caused by function error:

ReadingHead 1is:.
U, =U,co8@,+p/16)+U, sin(a, +p /16) =U[sin(a - a,) cos(p /16) +e,]
N g+l g+l g+l g+l

©) & =[A(-) 7 4Asnlga +p /18 +(-)* (@+p/16)]- (-1 2 4B, cofgla +p /19 +(-D * (2 +p/16]]cus p

(10)
Similarly Reading Head 2 is:
U, =U,scosa,+2p /16)+U, sin(a, +2p /16) =U[sin(a - a)cos(2p /16) +e,]
(11)
N g+l

e =[a(-D % 4ASNg@ +D/16)+(- 2 @+ /16]- (- 2 4B, g+ /16)+(-) % (@ +2\0/16)]](1351%p

o1
(12)
It can be seen from e and e,: The error characteristics of the reading head 1 and the first 2 are

the same, but the difference is only alittle in the phase.
(2) Other high-order error model

In addition to the error function, the error of amplitude error, the quadrature error, the mutual
coupling error of the two phase output, the coupling error of the excitation signal, the phase shift
error of the two phase output. The mathematical model of high-order error of two phase induction
signal is established, which is the same as the error method of analysis function. Error models are as
follow:

High-order ] Es =4U [(L+Deg)sin@ +Da,)+Dd, cosa’ +Dh,]sin(wt+Da,,)
| . . .
error modely E = 4U'[(1+De,)sin@@ +Da,)+Dd cosa +Dh ]snwt+Da,,)

Error name Amplitude Quadrature T%0 phé_xse output Eycitation Phase shift
error error coupling error ¢oypjing error  error

-

Exror model 0,5(De, - De,)sin2a (Dd, +Dd,)(cos2a - 1) y (Da,, - Da,,)(L+cos2a’)
0.5(De, - De;)cos2a’ - Dh_cosa - Dh sina’
Figure 2-1: High-order error model
Low error caused by the eccentricity and tilt factors such as one, two and three class low
error,the error model are as follow:
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D, =& (C,oos@, +D,singg) (19

g=1

B Error identification and compensation

Before identifying and compensating for error, the error must be classified. The error of the
new sensor can be divided into two categories:DFor Multiple Reading Head, the characterigtic of
error is consistent;2The others error characterigtics are different.

For the first class error, We use the two reading heads to establish the error identification
model to identify the results, method shows as figure 2-2:

)

iv .

i9u =0 - (Acosqy +Bsingy) %
Pu . :
_i_q2| =0y - (ACOquu + BS|nq2|)

Error(”

U

.I. u
,:-f :q2| - qll

8¢ )
f :ql;— ql;— [(Acosg, +Bsing, ) + (Acosq, +Bsing,)] §B TA l
Figure 2-2 Sketch of error identification
Two identical reading heads A, B are separated in an angle. In any position i,the result of two
heads A and B isq,,q, . Their errors are: Acosg,, + Bsing, , Acosq, +Bsing,,.By using  True

value = read value- error” establish error identification model, the model
have three parameters. Therefore, three or more position information is needed to realize the error
parameter identification, which can realize the on-line error correction

If the number of errors in the sensor is increased in the identification model, the number of
harmonic coefficients can be increased, and the multiple harmonic error parameters also can be
identified.

For the second class error, include direct current component, amplitude error, quadrature error,
phase shift error. They are different from the multiple reading heads, which can not be identified. So
we use the signal processing method to eliminate the error.

In order to detect the magnitude error, phase shift error and correct the amplitude error, phase
shift error and quadrature error, the model of the sensor displacement solver is established. The
model of the displacement solver is shown in Figure 2-4.

. Digital
Phase sine/CosincgSNWt+D8)_ E| jow
. >
detection rrection Sn(wt+ mu)v pass
— filter

cos(j +Da,)
Sine/Cosin
operation
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anpow Buissadoud 21d |eusis|

T Da, ioac

I CPU processing module ]

Figure 2-4 Error correction calculation model

SYSTEM SIMULATION AND EXPERIMENTAL RESULT

A Sensor electromagnetic smulation

According to the method mentioned above, the sensor model was built in Ansoft software.
Sinusoidal excitation of 400HZ coupled to the excitation winding of the rotor, then set the speed
is15r/min , observe the change of signal winding voltage signal:
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XY Plot 1 Maxwell3DDesign1 4

XY Plot 2 MaxwellaDDesignt a

InducedVotage(s) V]

Figure 3-1 Cosine winding output voltage Figure 3-2 Sine winding output voltage

It can be seen from the figure that the envelope of the output signal of the signal winding isin
accordance with the sine and cosine variation, and the change of the angular displacement with the
rotation of the rotor is exactly the case.

B Experimental data acquisition

The sensor is placed on the high precision precision turntable which is controlled by the servo
motor. The dynamic calibration experiment is shown in Figure 3-4.

The turntable for the grating, under the sensor, speed 0.01 RPM / per minute, take the raster
data as the true value of the sensor detection point of dynamic testing, and calculate the random
error value®. In the collection, each point of view is collected 36 points, that is, the whole week to
collect 12960 points, After the multi reading head error compensation and DSP displacement
solution, the error curve is shown #2 in Figure 3-5.

SENSOR —= a
grating Ld

revolving |
stage

servo motor:

DSP displacement
i R R o 3 ) 120 150 180 21
calculation circuit o EEAE <2

Figure 3-4 Sensor Experimental Platform Figure 3-5 Compensated error curve

0 240 270 300 330 360

CONCLUSION

This design proposes a in does not increase the difficulty of processing and installation of
construction of high precision, high consistency of multi reading head displacement sensor and easy
to error online self correction of a comprehensive treatment program, to achieve the purpose of high
precision angle detection. The scheme is universal, and has wide application value and prospect in
the induction of the electromagnetic induction sensor, such as the rotating transformer.

The experimental results show that the tracking error of the final angle can be controlled
within =2 after the online error correction of the multi reading head.
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