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(57) ABSTRACT 
A rotation angle detector is simple in Structure and is capable 
of angle detection with a high resolution, First and Second 
detecting units detect rotations of first and Second detecting 
members rotating in association with a rotating member as 
detection Signals in which predetermined waveforms con 
tinue. A control unit connected with the first and Second 
detecting units detects a difference between the waveforms 
output from first and Second detecting units as a gradually 
increasing detection signal and detects a rotation angle of the 
rotating member from two Signals: the gradually increasing 
detection Signal and the waveform output from the first 
detecting unit. 
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FIG. 1 
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FIG. 2A 
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Rotation is abbreviated to as R in Fig.2A-2C. 
Neutral Point is abbreviated to NP in Fig.2A-2C. 
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FIG. 3 
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FIG. 4 PRIOR ART 
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ROTATION ANGLE DETECTOR 

FIELD OF THE INVENTION 

0001. The present invention relates to a rotation angle 
detector for detecting a rotation angle of, for example, a 
Steering wheel on a vehicle. 

BACKGROUND OF THE INVENTION 

0002 While higher performance vehicles have come into 
being in recent years, there have been developed various 
apparatuses for detecting the rotation angle of the Steering 
wheel (hereinafter called SWH) with use of rotation angle 
detectors (hereinafter called RAD) for performing various 
types of control. 

0003. One of such conventional rotation angle detectors 
will be described with reference to FIG. 4, FIG. 5A and 
FIG 5B. 

0004 FIG. 4 is a perspective view of a main portion of 
the conventional RAD and FIG.5A and FIG. 5B are voltage 
waveforms obtained from the RAD. Rotating member 1 in 
a disk form has, in its center, engagement portion 1A 
engaging a shaft (not shown) of an SWH inserted therein and 
opening portion 1C allowing the shaft of the SWH to pass 
therethrough. On the circumference of rotating member 1, 
there are provided a plurality of through holes 1B at a 
predetermined pitch. Across through hole 1B formed in 
rotating member 1, there are arranged photo-interrupters 2, 
3, each made up of a light emitting element and a photo 
Sensing element opposing each other. Further, the photo 
interrupters are held by holding member 4 in predetermined 
positions slightly offset with respect to through hole 1B, So 
that detection signals output therefrom while rotating mem 
ber 1 rotates may have a predetermined phase difference 
therebetween. 

0005 Further, there are disposed wiring board 5 with a 
plurality of wiring patterns (not shown) formed on both 
sides thereof and a control unit (not shown) made of a 
microcomputer and the like. By having photo-interrupters 2, 
3 connected to the control unit, the RAD is constructed. 

0006. In the described configuration, rotating member 1 
is rotated according as the SWH is rotated and, thereby, 
admission of light and cut-out of light are repeated. 

0007 As a result, detection signals in which periodical 
rectangular waveforms with a phase difference therebe 
tween, as shown in FIGS. 5A and 5B, continue are output 
from photo-interrupters 2, 3 to the control unit. 

0008. The rotation angle of rotating member 1 is detected 
by counting the number of waveforms in either of the 
detection signals from photo-interrupters 2, 3. The rotating 
direction can also be detected as follows. When, for 
example, the waveform of photo-interrupter 2 shown in 
FIG. 5A is lagging behind the waveform of photo-inter 
rupter 3 shown in FIG. 5B, it is determined that the rotation 
is in a clockwise direction, and, when in reverse the wave 
form of photo-interrupter 2 is output faster than the wave 
form of photo-interrupter 3, it is determined that the rotation 
is in a counterclockwise direction. An example of RAD 
having the described configuration is disclosed in U.S. Pat. 
No. 6,380,536. 
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0009. At this time, if the pitch of through hole 1B of 
rotating member 1 is set at 6, the width of the hole set at 3, 
and the phase difference between photo-interrupters 2, 3 Set 
at 4 period, waveforms of FIG. 5A and FIG. 5B each 
become a waveform having a period of 6 and they become 
4 period shifted from each other. Thus, a RAD capable of 
detecting a rotation angle down to as Small an increment as 
6/4=1.5, i.e., that having a resolution of 1.5, can be 
Structured. 

0010. The described conventional RAD detects a rotation 
angle with use of two Sets of photo-interrupters 2, 3, as well 
as rotating member 1 provided with a plurality of through 
holes 1B formed therein. Therefore, there arises Such a 
problem that layout and machining of the components 
become complicated and costly. Further, Since there are 
limits in reducing the pitch distance between through holes 
1B and the width of the hole, it is difficult to perform angle 
detection with a high resolution. 
0011. The present invention addresses the above men 
tioned problems in the prior art and, accordingly, it aims at 
the provision of a RAD capable of angle detection at a high 
resolution with a simple Structure. 

SUMMARY OF THE INVENTION 

0012. The present invention provides a rotation angle 
detector, in which first and Second detecting units detect 
rotations of first and Second detecting members rotating in 
asSociation with a rotating member as detection Signals in 
which predetermined waveforms continue, a control unit 
connected with the first and Second detecting units detects a 
difference between the waveforms output from the first and 
Second detecting units as a gradually increasing or decreas 
ing Signal and, thereupon, detects a rotation angle of the 
rotating member from two detection signals: (1) the gradu 
ally increasing or decreasing detection signal; and (2) one of 
the waveforms output from the first and Second detecting 
units. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 FIG. 1 is a perspective view of an important 
portion of a rotation angle detector of a first embodiment of 
the present invention. 
0014 FIG. 2A-FIG. 2C are voltage waveform diagrams 
output from the rotation angle detector of the embodiment of 
the present invention. 
0015 FIG. 3 is a perspective view of an important 
portion of another rotation angle detector of the embodiment 
of the present invention. 
0016 FIG. 4 is a perspective view of an important 
portion of a prior art rotation angle detector. 
0017 FIG. 5A and FIG. 5B are voltage waveform dia 
grams output from the prior art rotation angle detector. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0018. An embodiment of the present invention will be 
described with reference to FIG. 1-FIG. 3. It is to be noted 
that the drawings are all Schematic drawings and they do not 
show dimensions and positions of the components exactly. 
As a magnetism detecting element, a magnetoresistance 
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device such as that of InSb is preferably used. Further, as a 
magnet, while any permanent magnet can be used, a 
Samarium magnet, neodymium magnet, or ferrite magnet is 
preferably used. 
0019. In the indication of a rotation angle, a positive 
rotation is that in a clockwise direction and a negative 
rotation is that in a counterclockwise direction. 

Exemplary Embodiment 
0020 Rotating member 11 has spur gear portion 11A on 

its circumferential Side and has, in its interior, an opening 
11C for allowing the shaft of an SWH to be passed there 
through and engagement portion 11B for allowing the shaft 
of SWH to be engaged therewith. 
0021 First detecting member 12 has, on its circumferen 
tial Side, Spur gear portion 12A in meshing engagement with 
Spur gear portion 11A of rotating member 11. In the center 
of first detecting member 12, there is mounted magnet 13 by 
insert molding or the like. 
0022 Second detecting member 42 has, on its circum 
ferential Side, Spur gear portion 42A in meshing engagement 
with Spur gear portion 12A of first detecting member 12. In 
the center of Second detecting member 42, there is mounted 
magnet 43 by insert molding or the like. 
0023 Second detecting member 42 is formed to be larger 
in diameter than first detecting member 12 and number of 
gear teeth of spur gear portion 42A is made greater than that 
of Spur gear portion 12A. 
0024. The numbers of the gear teeth of first detecting 
member 12 and Second detecting member 42 are Set at Such 
numbers of teeth that the detecting members return to their 
original meshing position after a predetermined angle of 
rotation made by rotating member 11, i.e., they return to 
their original meshing position after, for example, two 
rotations of rotating member 11 in a counterclockwise 
direction and after two rotations of the same in a clockwise 
direction, from the neutral position. 
0.025 There is disposed wiring board 17, having a plu 
rality of wiring patterns (not shown) formed on both sides 
thereof, Substantially parallel to first detecting member 12 
and Second detecting member 42. 
0.026 Further, there is mounted magnetism detecting 
element 14 made for example of an AMR element (aniso 
tropic magnetoresistance element) on the Surface of wiring 
board 17 opposite to first detecting member 12. Thus, first 
detecting unit 19 is constituted of magnet 13-and magnetism 
detecting element 14 opposing each other. 
0027. In like manner, second detecting unit 49 is consti 
tuted of magnet 43 and magnetism detecting element 44 
opposing each other. 
0028 Control unit 20 formed of a microcomputer and the 
like is connected with magnetism detecting element 14 of 
first detecting unit 19 and magnetism detecting element 44 
of second detecting unit 49. Further, control unit 20 is 
connected to electronic circuitry (not shown) on board the 
vehicle body. Thus, the RAD is constructed. 
0029. In the described configuration, when the SWH is 
rotated, rotating member 11 is rotated accordingly and, first 
detecting member 12, whose Spur gear portion 12A is in 
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meshing engagement with Spur gear portion 11A on the 
circumferential Side of rotating member 11, is also rotated. 
0030. According as first detecting member 12 is rotated, 
the magnetic field around magnet 13 mounted in the center 
of the same varies. The variation in the magnetic field is 
detected by magnetism detecting element 14, and thereby a 
detection Signal, in which predetermined increasing and 
decreasing waveforms continue as shown in the Voltage 
waveform diagram of FIG. 2Cis output from magnetism 
detecting element 14 of first detecting unit 19 to control unit 
2O. 

0031. At this time, if, for example, the number of teeth of 
first detecting member 12 is set at one-third the number of 
teeth of rotating member 11 and magnetism detecting ele 
ment 14 is adapted only to detect the magnetic field Strength 
(namely, to detect the magnetic field strength every 180 
rotation of detecting member 12), then detecting member 12 
makes three rotations while rotating member 11 makes one 
rotation and magnetism detecting element 14 detects two 
changes in field strength for one rotation of first detecting 
member 12. As a result, six voltage waveforms are Succes 
Sively output as the detection signal. 
0032 More specifically, for every 60° rotation of rotating 
member 11, one predetermined Voltage waveform increasing 
from Voltage value Zero to Voltage value V and then decreas 
ing is output from magnetism detecting element 14 to 
control unit 20 as the detection signal. 
0033. Likewise, according as first detecting member 12 is 
rotated, Second detecting member 42 rotates and the mag 
netic field around magnet 43 mounted in the center of Second 
detecting member 42 varies, and the varying magnetic field 
is detected by magnetism detecting element 44. Since, at this 
time, the number of teeth of first detecting member 12 and 
that of second detecting member 42 are made different from 
each other, there is produced a difference between the 
voltage waveforms detected by first detecting unit 19 shown 
in FIG. 2C and the voltage waveform detected by second 
detecting unit 49 shown in FIG. 2B, i.e., in the range from 
the point where rotating member 11 has rotated two rotations 
leftward and to the point where it has rotated two rotations 
rightward, from the neutral point, there is produced a slight 
deviation in the direction of rotation as Seen from the Voltage 
waveform of FIG. 2B. 

0034) More specifically, a voltage waveform, increasing 
from Voltage value Zero to Voltage value V and then decreas 
ing, having a longer period than the Voltage waveform from 
first detecting unit 19 is output from second detecting 49 to 
control unit 20. 

0035. Then, control unit 20, first, deducts the voltage 
value of the detection signal from Second detecting unit 49 
shown in FIG. 2B having a longer period from the voltage 
value of the detection signal from first detecting unit 19 
shown in FIG. 2C having a shorter period, to thereby detect 
the difference between the voltage values. 
0036) The difference between the voltage values provides 
a gradually increasing detection Signal as shown in FIG. 2A, 
namely, the detection Signal passes a point of the value 0 as 
the difference between the voltage value 0 of FIG. 2C and 
the voltage value 0 of FIG.2B at the position corresponding 
to two leftward rotations of rotating member 11, a point of 
V/2 as the difference between the voltage value V of FIG. 
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2C and the voltage value V/2 of FIG. 2B at the neutral 
position, and a point of V as the difference between the 
voltage value V of FIG.2C and the voltage value 0 of FIG. 
2B at the position corresponding to two rightward rotations 
of rotating member 11. 
0037. Then, control unit 20 detects, based on the voltage 
difference as the gradually increasing detection Signal, an 
approximate value of the rotation angle, i.e., it detects within 
what range of the rotation angle in the Voltage waveform of 
FIG. 2C, successively output from first detecting unit 19, 
the rotation angle is. 
0.038 For example, when the rotation angle is 0, control 
unit 20 detects, by reference to the difference between 
voltage values of FIG. 2A, that the rotation angle corre 
sponds to the second waveform of FIG. 2C counted from 
the neutral point at an angle of 0. 
0039. In other words, it detects an approximate rotation 
angle being between 60 and 120. 
0040. It, finally, detects a precise rotation angle of rotat 
ing member 11 from the detected voltage waveform. 
0041. For example, it detects, from the voltage value of 
the detected voltage waveform between 60 and 120, that 
the precise rotation angle, for example, is 100. 
0042. The waveform of difference between voltage val 
ues of FIG. 2A shows a gradually increasing waveform 
from the rotation angle of rotating member 11 attained by its 
two leftward rotations to the rotation angle of rotating 
member 11 attained by its two rightward rotations. Further, 
the direction of rotation of rotating member 11, i.e., of the 
SWH, can be detected by control unit 20 according to 
whether the difference between Voltage values has increased 
or decreased, i.e., it is detected that the direction is toward 
the right when the difference between Voltage values has 
increased or it is toward the left when the difference between 
Voltage values has decreased. 
0043. At the same time, the angles of rotation of the SWH 
while it is rotated two rotations each to the left and right can 
be detected. 

0044 Since the voltage waveform of FIG. 2C shows a 
waveform in which the Voltage is increasing and decreasing 
every 60° rotation of rotating member 11, if, for example, a 
computation is performed in the microcomputer of control 
unit 20 with use of a 10-bit A/D converter, detection of the 
rotation angle with as high a resolution as 60/1024.s0.06 
(where 1024 is 2') can be attained. 
0.045 According to the present embodiment, a rotation 
angle detector is arranged Such that rotations of the first and 
Second detecting members rotating in association with rotat 
ing member 11 rotating in association with SWH are 
detected as detection signals in which predetermined wave 
forms continue by first and second detecting units 19, 49, the 
difference between the waveforms output from first and 
Second detecting units 19, 49 is detected as a gradually 
increasing detection signal by control unit 20 connected with 
first and second detecting units 19, 49, and the rotation angle 
of the rotating member is detected from the two detection 
Signals, i.e., the gradually increasing detection Signal and the 
waveform output from first detecting unit 19. Thus, by 
having the difference between the above mentioned wave 
forms detected by control unit 20, an approximate value of 
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the rotation angle is detected and, based on this detected 
approximate rotation angle, a precise rotation angle is 
detected from the predetermined waveform output from first 
detecting unit 19. 
0046 Rotating member 11 and detecting members 12, 42 
are placed in the same plane. As a result, a RAD capable of 
angle detection with a high resolution can be provided by a 
Simple structure composed of first and Second detecting 
members 12, 42. 
0047. Further, by having first and second detecting units 
19, 49 constructed of magnets 13, 43 and magnetism detect 
ing elements 14, 44, the RAD, while it is provided in a 
Simple Structure and at a low cost, is enabled to perform 
noncontact and Stable detection. 

0048. Further, auxiliary detecting unit 56, in addition to 
first detecting unit 19, may be provided as shown in FIG. 3 
by arranging Spur gear portion 53A of auxiliary detecting 
member 53, having the same number of teeth and shape as 
Spur gear portion 12A of first detecting member 12, in 
meshing engagement with Spur gear portion 11A of rotating 
member 11 and by mounting magnet 54 in the center of 
auxiliary detecting member 53 and magnetism detecting 
element 55 of an AMR element or the like on wiring board 
17. Thus, by allowing a detection signal from auxiliary 
detecting unit 56 to be also detected by control unit 20, in a 
case where, for example, a detection signal is not output 
from first detecting unit 19 while a detection signal from 
auxiliary detecting unit 56 is output, it can be known that 
Some trouble has occurred in first detecting unit 19. 
0049. In other words, when there is present some differ 
ence between waveforms from first detecting unit 19 and 
auxiliary detecting unit 56, which should essentially be 
output as the same waveforms, it can be detected that either 
of the detecting units is out of order. Therefore, more reliable 
detection of the rotation angle can be attained. 
0050. In the foregoing, there has been described such an 
arrangement in which spur gear portion 12A of first detect 
ing member 12 is disposed in meshing engagement with 
Spur gear portion 11A on the circumferential Side of rotating 
member 11 and Spur gear portion 42A of Second detecting 
member 42 is disposed in meshing engagement with Spur 
gear portion 12A. Also, it is possible to use other types of 
gears, Such as bevel gears, instead of Spur gear portions 11A, 
12A, 42A, 53A, or to use other elements than gear wheels 
that are in projected Shapes and depressed shapes and can be 
engaged with each other. 
0051. In the description given above, the difference 
between waveforms output from first and Second detecting 
units 19, 49 has been described as a gradually increasing 
detection signal obtained by deducting the Voltage value of 
the detection Signal having a longer period output from 
second detecting unit 49 from the voltage value of the 
detection signal having a shorter period output from first 
detecting unit 19. It may also be arranged to detect a 
gradually decreasing detection signal by deducting the Volt 
age value of the detection Signal having a shorter period 
output from first detecting unit 19 from the voltage value of 
the detection Signal having a longer period output from 
second detecting unit 49. 
0052 Further, even if the precise rotation angle of rotat 
ing member 11 is detected based on the detection Signal 
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having a longer period output from Second detecting unit 49, 
detection of rotation angle with a high text missing or 
illegible when filed1 ution can be obtained though the 
resolution in this case may be slightly deteriorated from that 
obtained when the rotation angle is detected based on the 
detection signal having a shorter period output from first 
detecting unit 19. 
0.053 According to the present invention, as described in 
the foregoing, a RAD capable of angle detection at a high 
resolution can be provided by a simple configuration. 
What is claimed is: 

1. A rotation angle detector comprising: 
a rotating member; 
first and Second detecting members rotating in association 

with the rotating member; 
a first detecting unit for detecting a rotation of the first 

detecting member as a detection signal in which a 
predetermined waveform continues; 

a Second detecting unit for detecting a rotation of the 
Second detecting member as a detection signal in which 
a predetermined waveform different in period from the 
first detect on Signal continues, and 

a control unit connected with the first and Second detect 
ing unit, wherein 
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the control unit detects a difference between waveforms 
output from the first and Second detecting units as a 
gradually increasing or decreasing detection signal, and 

the control unit detects a rotation angle of the rotating 
member by using two Signals, of which one is the 
gradually increasing or decreasing Signal and the other 
is one of the waveforms output from the first and 
Second detecting units. 

2. The rotation angle detector according to claim 1, 
wherein 

the first and Second detecting units are each formed of a 
magnet and a magnetism detecting element. 

3. The rotation angle detector according to claim 2, 
wherein 

the magnetism detecting element is a magnetoresistance 
element. 

4. The rotation angle detector according to claim 1, 
wherein 

the rotating member has an opening through which a shaft 
of a steering wheel is inserted. 


