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(57) ABSTRACT 

An electromagnetic valve unit in an internal combustion 
engine is controlled by determining a difference betWeen the 
output of a displacement sensor When a valve head is in an 

open position and the output of the displacement sensor 
When the valve head is in a closed position in each period of 
an opening and closing action of the valve head. The 
difference corresponds to a full displacement of the valve 
head betWeen the open position and the closed position. The 
electromagnetic valve unit is also controlled by establishing, 
using the difference, a threshold for the output of the 
displacement sensor Which corresponds to a predetermined 
displaced position of the valve head Which is determined 
based on a proportion of the full displacement, and control 
ling energiZation of the valve-opening electromagnet and/or 
the valve-closing electromagnet depending on Whether the 
output of the displacement sensor has reached the threshold 
or not upon the opening and closing action of the valve head 
immediately after the threshold is established. 
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FIG. 4 

VALVE BODY DISPLACED TO CLOSED POSITION? 

YES STEP4-5 STEP4-2 

READ DISPLMEMENT SENSOR OUTPUT vX READ DISPLACEMENT SENSOR OUTPUT Vx 
Dcl (IO <—Vx Dop (k) <—VX 

STEP4-6 STEP4-3 
EAEcuLATE AVERAGE (LOSED POSITION cALcuLAIE AVERAGE OPEN POSITION 
OUTPUT DEL OUTPUT DOP 

2L. " -- 1 1. " - DCI. n+1 {500d (kl) DOP n+1 Dop (k-l) 
|— 

STEP4-7 

SET THRESHOLDS Vcl, Vop, Vclfuil, Vl?, Vopsturi, Vclsturt 
<_ _ .15. Yd (DOP DEL) m0 +DCL 

vw- (DOP-DCL) -%%b5-+na 
Vclfuil <— (BOP-DCL) - % + DEL 

Vopfuil <— (BOP-DCL) ' 1-9656 + DEL 

Vl? <— (00mm) - % + DCL 

Vopsiurl <— (DOP—D(L) - 1-8090 + DEL 



Patent Application Publication Jun. 21, 2001 Sheet 5 0f 12 US 2001/0003972 A1 

NG YES (TIME II) 
STEPS-2 

DE-ENERGIZE VALVE-CLOSING 
EIECTRDMAGNET 

l STEP5-3 
START TIMER no 

| STEPS-4 
START TIMER BKIO 

STEPS-5 

START TIMER T100 
STEPS-8 

STEPS-9 

— STEPS-I0 

P'V'? STOP TIMER no 

STEPS-I I 
ADJUST TIME TO DE-ENERGIZE 
VALVE-(LOSING ELECTROMAGNEI 
IN NEXT OPENING/(LOSING 
(YELE DEPENDING 0N MEASURED 
TIME OF TIMER TID 

QED 

STEPS-I4 
ENERGIZE VALVE-OPENING 
ELECTROMAGNEI UNDER 
CONSTANT VOLTAGE (ONTROL 

STEPS-I5 
RESET TIMER n00 

STEPS-I2 
P <— Vopsiurt 

END 

START TIMER TI I 
STEPS-I 8 

@ 



Patent Application Publication Jun. 21, 2001 Sheet 6 0f 12 US 2001/0003972 A1 

STEPS-I9 

® STEPS-20 
N0 sToR TIMER TII 

“556M *7) EASUREMENT 0F TIMER 

sTERs-zI 
SUPPLY HOLDING (URRENT T0 "0 ADJUST SHTING 0F TIMER TI00 
VALVE-OPENING EIEETRTIMIIGIIET III IIExT OPENING/(LOSING CYCLE 
UNDER (ONSTANT (uRREIIT DEPENDING 0N MEASURED TIME 
CONTROL OF TIMER TII 

STEPS-27 STEPS-22 
REsET TIMER TIIO SUPPLY CATCHING cuRREIIT To 

VALVE-OPENING ELECTROMAGNET 
END UNDER CONSTANT (URRENT 

(ONTROL 

STEPS-23 
START TIMER TIIo 

STEPS-24 

STEPS-29 ' END 

STEPS-31 
PEREoRM IsT FAILURE 
PROCESS 

STEPS-33 
PERFORM 2ND FAILURE 

N0 PROCESS 
A 1 

END 



Patent Application Publication Jun. 21, 2001 Sheet 7 0f 12 US 2001/0003972 A1 

52: Al 
$232255 wzao.:-m_2<> HNEMEE E 22.33 EMzEE/V 

QWEESV ..... ..c 

ma?a 2 22.5% 552 255v 
---------_-_---------.-¢--4»4q- 

---_-----.-_------------------_ 

--. 

_-- 

mass: :25 an a: E S: 



Patent Application Publication Jun. 21, 2001 Sheet 8 0f 12 US 2001/0003972 A1 
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METHOD AND CONTROLLING 
ELECTROMAGNETIC VALVE UNIT FOR 
INTERNAL COMBUSTION ENGINES 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a method of con 
trolling an electromagnetic valve unit for use in internal 
combustion engines. 

[0003] 2. Description of the Related Art 

[0004] Heretofore, there have been knoWn electromag 
netic valve units for selectively opening and closing intake 
or eXhaust valves in the cylinders of internal combustion 
engines. A basic structure of such an electromagnetic valve 
unit is shoWn in FIG. 1 of the accompanying draWings. 

[0005] As shoWn in FIG. 1, the electromagnetic valve unit 
has a valve head 3 for selectively opening and closing an 
intake or eXhaust port 2 (hereinafter referred to as “intake/ 
eXhaust port 2”) of a combustion chamber 1 of each cylinder 
of an internal combustion engine. The valve head 3 is 
mounted on an end of a shank 3a, and an armature 4 in the 
form of an iron disk is attached to the other end of the shank 
3a. The shank 3a is axially reciprocally, i.e., vertically in 
FIG. 1, movable to move the valve head 3 betWeen a closed 
position, indicated by the imaginary lines, for closing the 
intake/exhaust port 2 and an open position, indicated by the 
imaginary lines, for opening the intake/exhaust port 2. 

[0006] Some electromagnetic valve units include a drive 
rod (not shoWn) held coaXially against the upper end of a 
valve stem for movement in union With the valve stem, and 
an armature attached to the drive rod. In such electromag 
netic valve units, the valve stem and the drive rod jointly 
correspond to the shank 3a shoWn in FIG. 1. 

[0007] The electromagnetic valve unit shoWn in FIG. 1 
has electromagnets 5, 6 positioned respectively above and 
beloW the armature 4 and having respective solenoids 5a, 
6a. The electromagnet 5 serves as a valve-closing electro 
magnet Which, When the solenoid 5a is energiZed, generates 
electromagnetic forces to lift and attract the armature 4 
thereby to move the valve head 3 into the closed position. 
The electromagnet 6 serves as a valve-opening electromag 
net Which, When the solenoid 6a is energiZed, generates 
electromagnetic forces to loWer and attract the armature 4 
thereby to move the valve head 3 into the open position. 

[0008] The electromagnetic valve unit also has a spring 7 
positioned above the armature 4 for normally urging the 
armature 4 to loWer the valve head 3 toWard the open 
position, and a spring 8 positioned beloW the armature 4 for 
normally urging the armature 4 to lift the valve head 3 
toWard the closed position. When the electromagnets 5, 6 are 
de-energiZed, the biasing forces of the springs 7, 8 are kept 
in equilibrium to hold the valve head 3 in a neutral position, 
indicated by the solid lines, betWeen the closed and open 
positions. Therefore, the springs 7, 8 jointly serve as a 
biasing means for biasing the valve head 3 in the neutral 
position. 
[0009] For opening the valve head 3 from the closed 
position in Which the armature 4 is attracted to the valve 
closing electromagnet 5 under its electromagnetic forces, the 
solenoid 5a of the valve-closing electromagnet 5 is de 
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energiZed to release the armature 4 from the valve-closing 
electromagnet 5, alloWing the valve head 3 to move from the 
closed position toWard the open position under the combined 
biasing forces of the springs 7, 8. On the movement of the 
valve head 3 from the closed position toWard the open 
position, the solenoid 6a of the valve-opening electromagnet 
6 are energiZed to attract the armature 4 until the valve head 
3 reaches the open position, Whereupon the valve head 3 is 
maintained in the open position. 

[0010] For moving the valve head 3 from the open posi 
tion toWard the closed position, the solenoid 6a is de 
energiZed to release the armature 4 from the valve-opening 
electromagnet 6. Thereafter, the solenoid 5a is energiZed to 
attract the armature 4 against the valve-closing electromag 
net 5. In this manner, the valve head 3 is displaced from the 
open position into the closed position, and held in the closed 
position. 

[0011] The above cycle of opening and closing the valve 
head 3 is periodically performed in synchronism With the 
rotational speed of the internal combustion engine. 

[0012] In order to introduce intake air into and discharge 
eXhaust gases from the combustion chamber 1 smoothly for 
efficiently operating the internal combustion engine, it is 
necessary to open and close the valve head 3 such that the 
displaced position of the valve head 3 betWeen the closed 
and open positions changes in a desired time-dependent 
pattern according to the rotational speed of the internal 
combustion engine. If the opening and closing action of the 
valve head 3 suffers a dif?culty for some reason, such a 
faulty situation needs to be recogniZed properly and the 
valve head 3 needs to be operated for the purpose of 
avoiding the trouble. 

[0013] It has been customary for the electromagnetic valve 
unit to incorporate a displacement sensor for detecting the 
displaced position of the valve head 3, and to control the 
energiZation of the valve-closing electromagnet 5 and the 
valve-opening electromagnet 6 depending on the displaced 
position of the valve head 3 as detected by the displacement 
sensor. The displaced position of the valve head 3 is recog 
niZed by comparing the output from the displacement sensor 
With a predetermined threshold. 

[0014] Output characteristics of the displacement sensor 
With respect to the displaced position of the valve head 3 
tend to vary from displacement sensor to displacement 
sensor and also tend to change due to aging. For these 
reasons, When the output from the displacement sensor is 
compared With a ?xed threshold, the displaced position of 
the valve head 3 as recogniZed based on the comparison is 
liable to vary. As a result, it is difficult to control the 
energiZation of the valve-closing electromagnet 5 and the 
valve-opening electromagnet 6 in order to open and close 
the valve head 3 accurately and reliably irrespectively of 
individual internal combustion engines or the period in 
Which the individual internal combustion engine has been 
used. It is also difficult to appropriately recogniZe a failure 
of the opening and closing action of the valve head 3 and 
adequately operate the valve head 3 depending on the 
recogniZed opening and closing action thereof. 

[0015] Even if the output of the displacement sensor is 
highly accurate, the opening and closing action of the valve 
head 3 is affected by the friction of various related parts, the 
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combustion pressure in the combustion chamber 1, different 
characteristics of the springs 7, 8, and their time-dependent 
changes. Consequently, if the energiZation of the valve 
closing electromagnet 5 and the valve-opening electromag 
net 6 is controlled in a ?xed pattern depending on the output 
of the displacement sensor, then it is dif?cult to control the 
opening and closing action of the valve head 3 accurately 
and stably. 

SUMMARY OF THE INVENTION 

[0016] It is therefore an object of the present invention to 
provide a method of controlling an electromagnetic valve 
unit for use in internal combustion engines by appropriately 
performing a process of controlling the energiZation of a 
valve-closing electromagnet or a valve-opening electromag 
net to open and close a valve head While compensating for 
variations of the output of a displacement sensor and varia 
tions of the friction of various related parts, for thereby 
opening and closing the valve head accurately and stably. 

[0017] According to an aspect of the present invention, 
there is provided a method of controlling an electromagnetic 
valve unit in an internal combustion engine, having a valve 
head reciprocally movable betWeen an open position for 
opening an intake or eXhaust port of a combustion chamber 
in the internal combustion engine and a closed position for 
closing the intake or eXhaust port, biasing means for biasing 
the valve head to a neutral position betWeen the open 
position and the closed position, a valve-opening electro 
magnet for displacing the valve head into the open position 
under electromagnetic forces, a valve-closing electromagnet 
for displacing the valve head into the closed position under 
electromagnetic forces, and a displacement sensor for gen 
erating an output depending on a displaced position of the 
valve head, the method comprising the steps of determining 
a difference betWeen the output of the displacement sensor 
When the valve head is in the open position and the output 
of the displacement sensor When the valve head is in the 
closed position in each period of an opening and closing 
action of the valve head, the difference corresponding to a 
full displacement of the valve head betWeen the open 
position and the closed position, and establishing, using the 
difference, a threshold for the output of the displacement 
sensor Which corresponds to a predetermined displaced 
position of the valve head Which is determined based on a 
proportion of the full displacement, and controlling energi 
Zation of the valve-opening electromagnet and/or the valve 
closing electromagnet depending on Whether the output of 
the displacement sensor has reached the threshold or not 
upon the opening and closing action of the valve head 
immediately after the threshold is established. 

[0018] In the above method, the difference betWeen the 
output of the displacement sensor When the valve head is in 
the open position and the output of the displacement sensor 
When the valve head is in the closed position is determined 
in each period of an opening and closing action of the valve 
head. The predetermined displaced position of the valve 
head for performing energiZation of the valve-opening elec 
tromagnet and the valve-closing electromagnet is deter 
mined based on a proportion of the full displacement, and a 
threshold for the output of the displacement sensor Which 
corresponds to the displaced position is determined using the 
difference betWeen the outputs of the displacement sensor. 

[0019] Since the full displacement of the valve head 
betWeen the open and closed positions corresponds to the 
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difference betWeen the outputs of the displacement sensor, 
the threshold for the output of the displacement sensor 
Which corresponds to the displaced position determined by 
the proportion of the full displacement is determined by the 
proportion according to a proportional distribution. If the 
displaced position of the valve head is determined as a 
position displaced from the closed or open position by X % 
of the full displacement, then the threshold for the output of 
the displacement sensor is determined as a value Which is 
changed, by X % of the difference, from the output of the 
displacement sensor When the valve head is in the closed 
position or the output of the displacement sensor When the 
valve head is in the open position. 

[0020] The threshold thus established for the output of the 
displacement sensor depends on the output characteristics of 
individual displacement sensors and the output characteris 
tics of the displacement sensor as they vary from time to 
time. Therefore, the threshold for the output of the displace 
ment sensor Which corresponds to the displaced position of 
the valve head can appropriately be established irrespec 
tively of variations in the output characteristics of the 
displacement sensor and time-dependent changes therein. 

[0021] In the above method, energiZation of the valve 
opening electromagnet and/or the valve-closing electromag 
net is controlled depending on Whether the output of the 
displacement sensor has reached the threshold or not upon 
the opening and closing action of the valve head immedi 
ately after the threshold is established. Inasmuch as the 
threshold corresponds to the displaced position of the valve 
head, energiZation of the valve-opening electromagnet and/ 
or the valve-closing electromagnet can be controlled at a 
desired displaced position of the valve head. As a result, the 
valve head can appropriately be opened and closed as 
desired. 

[0022] Therefore, energiZation of the valve-opening elec 
tromagnet and/or the valve-closing electromagnet can be 
controlled While compensating for variations in the output of 
the displacement sensor, and hence the valve head can 
accurately be opened and closed. 

[0023] The difference betWeen the outputs of the displace 
ment sensor can be determined using only the outputs of the 
displacement sensor in one period of the opening and 
closing action of the valve head for establishing the thresh 
old. Preferably, hoWever, the difference comprises a differ 
ence betWeen an average value of outputs of the displace 
ment sensor When the valve head is in the open position over 
a plurality of periods of the opening and closing action of the 
valve head and an average value of outputs of the displace 
ment sensor When the valve head is in the closed position 
over a plurality of periods of the opening and closing action 
of the valve head. 

[0024] In this manner, the effect of a noise component 
Which may temporarily be contained in the output of the 
displacement sensor can be compensated for, and hence the 
difference is made highly reliable. The threshold for the 
output of the displacement sensor Which corresponds to the 
displaced position of the valve head is also made reliable. 

[0025] The threshold may include a ?rst threshold corre 
sponding to a position of the valve head Which is displaced 
from one of the open position and the closed position by a 
?rst proportion of the full displacement, and the step of 
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controlling energiZation of the valve-opening electromagnet 
and/or the valve-closing electromagnet may comprise the 
steps of measuring a time after the valve-closing electro 
magnet is de-energiZed until the output of the displacement 
sensor reaches the ?rst threshold When the valve head is 
opened from the closed position, and adjusting a timing to 
de-energiZe the valve-closing electromagnet When the valve 
head is to be opened neXt time, depending on the measured 
time. 

[0026] The threshold may also include a second threshold 
corresponding to a position of the valve head Which is 
displaced from one of the open position and the closed 
position by a second proportion of the full displacement, and 
the step of controlling energiZation of the valve-opening 
electromagnet and/or the valve-closing electromagnet may 
comprise the steps of measuring a time after the valve 
opening electromagnet is de-energiZed until the output of the 
displacement sensor reaches the second threshold When the 
valve head is closed from the open position, and adjusting a 
timing to de-energiZe the valve-opening electromagnet When 
the valve head is to be closed neXt time, depending on the 
measured time. 

[0027] The valve head starts being opened from the closed 
position or closed from the open position When the valve 
closing electromagnet and the valve-opening electromagnet 
are de-energiZed. To cause the timings to open and close the 
valve head to match the operating state of the internal 
combustion engine, it is important to determine a time for 
the valve head to move to a certain displaced position after 
the valve-closing electromagnet or the valve-opening elec 
tromagnet is de-energiZed. Such a time, hoWever, tends to 
vary because of various factors including the friction of 
various related parts, the characteristics of the biasing 
means, the internal pressure (combustion pressure) in the 
combustion chamber, and remaining magnetic forces imme 
diately after the electromagnets are de-energiZed. 

[0028] According to the invention, for opening the valve 
head, a time after the valve-closing electromagnet is de 
energiZed until the output of the displacement sensor reaches 
the ?rst threshold is measured When the valve head is opened 
from the closed position, and a timing to de-energiZe the 
valve-closing electromagnet When the valve head is to be 
opened neXt time is adjusted depending on the measured 
time. For closing the valve head, a time after the valve 
opening electromagnet is de-energiZed until the output of the 
displacement sensor reaches the second threshold is mea 
sured When the valve head is closed from the open position, 
and a timing to de-energiZe the valve-opening electromagnet 
When the valve head is to be closed neXt time is adjusted 
depending on the measured time. 

[0029] It is thus possible to adjust the above time to a 
desired time While compensating for the friction of various 
related parts, variations in the characteristics of the biasing 
means, etc. Since the ?rst or second threshold is established 
as described above, the measured time accurately agrees 
With the time required after the valve-closing electromagnet 
or the valve-opening electromagnet is de-energiZed until the 
valve head actually moves to the displaced position. Con 
sequently, When the timing to de-energiZe the valve-closing 
electromagnet and the valve-opening electromagnet is 
adjusted depending on the measured time, it is possible to 
control the timing for the valve head to the displaced 
position reliably at a desired timing. 
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[0030] The threshold may include a third threshold corre 
sponding to a position of the valve head Which is displaced 
from one of the open position and the closed position by a 
third proportion of the full displacement, and a fourth 
threshold corresponding to a position of the valve head 
Which is closer to the open position than the position 
corresponding to said third position and displaced from one 
of the open position and the closed position by a fourth 
proportion of the full displacement, and the step of control 
ling energiZation of the valve-opening electromagnet and/or 
the valve-closing electromagnet may comprise the steps of 
measuring a time after the output of the displacement sensor 
reaches the third threshold until the output of the displace 
ment sensor reaches the fourth threshold When the valve 
head is opened from the closed position, and adjusting a 
timing to energiZe the valve-opening electromagnet When 
the valve head is to be opened neXt time, depending on the 
measured time. 

[0031] Furthermore, the threshold may include a ?fth 
threshold corresponding to a position of the valve head 
Which is displaced from one of the open position and the 
closed position by a ?fth proportion of the full displacement, 
and a siXth threshold corresponding to a position of the valve 
head Which is closer to the closed position than the position 
corresponding to the ?fth proportion and displaced from one 
of the open position and the closed position by a siXth 
proportion of the full displacement, and the step of control 
ling energiZation of the valve-opening electromagnet and/or 
the valve-closing electromagnet may comprise the steps of 
measuring a time after the output of the displacement sensor 
reaches the ?fth threshold until the output of the displace 
ment sensor reaches the siXth threshold When the valve head 
is closed from the open position, and adjusting a timing to 
energiZe the valve-opening electromagnet When the valve 
head is to be closed neXt time, depending on the measured 
time. 

[0032] To cause the opening and closing action of the 
valve head to match the operating state of the internal 
combustion engine, it is important to determine a speed at 
Which the valve head moves from the closed position to the 
open position and a speed at Which the valve head moves 
from the open position to the closed position. HoWever, 
those speeds are liable to vary because of various factors 
including the friction of various related parts, the character 
istics of the biasing means, the internal pressure (combus 
tion pressure) in the combustion chamber, and remaining 
magnetic forces immediately after the electromagnets are 
de-energiZed. For opening the valve head, the above speed 
can be controlled by the timing to energiZe the valve 
opening electromagnet, and for closing the valve head, the 
above speed can be controlled by the timing to energiZe the 
valve-closing electromagnet. 

[0033] According to the present invention, as described 
above, for opening the valve head, a time after the output of 
the displacement sensor reaches the third threshold until the 
output of the displacement sensor reaches the fourth thresh 
old is measured When the valve head is opened from the 
closed position, and a timing to energiZe the valve-opening 
electromagnet When the valve head is to be opened neXt time 
is adjusted depending on the measured time. For closing the 
valve head, a time after the output of the displacement 
sensor reaches the ?fth threshold until the output of the 
displacement sensor reaches the siXth threshold is measured 
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When the valve head is closed from the open position, and 
a timing to energize the valve-opening electromagnet When 
the valve head is to be closed neXt time is adjusted depend 
ing on the measured time. Since the third through siXth 
thresholds are established as described above, the output of 
the displacement sensor in the displaced position of the 
valve head is highly reliable. The measured times are also 
highly reliable as representing the actual speed of the valve 
head. 

[0034] Therefore, the speed of the valve head as it is 
opened or closed can be controlled accurately at a desired 
speed While compensating for the friction of various related 
parts, etc. 

[0035] The threshold may include a seventh threshold 
corresponding to a position of the valve head Which is close 
to the open position and displaced from one of the open 
position and the closed position by a seventh proportion of 
the full displacement, and the step of controlling energiZa 
tion of the valve-opening electromagnet and/or the valve 
closing electromagnet may comprise the steps of energiZing 
the valve-opening electromagnet in a constant-voltage con 
trol mode after the valve-opening electromagnet starts being 
energiZed until the output of the displacement sensor reaches 
the seventh threshold When the valve head is opened from 
the closed position, and energiZing the valve-opening elec 
tromagnet in a constant-current control mode after the 
output of the displacement sensor reaches the seventh 
threshold. 

[0036] The threshold may include an eighth threshold 
corresponding to a position of the valve head Which is close 
to the closed position and displaced from one of the open 
position and the closed position by an eighth proportion of 
the full displacement, and the step of controlling energiZa 
tion of the valve-opening electromagnet and/or the valve 
closing electromagnet may comprise the steps of energiZing 
the valve-closing electromagnet in a constant-voltage con 
trol mode after the valve-closing electromagnet starts being 
energiZed until the output of the displacement sensor reaches 
the eighth threshold When the valve head is closed from the 
open position, and energiZing the valve-closing electromag 
net in a constant-current control mode after the output of the 
displacement sensor reaches the eighth threshold. 

[0037] For opening the valve head, until the valve head 
reaches a position close to the open position, the valve 
opening electromagnet is preferably energiZed in the con 
stant-voltage control mode in Which a solenoid of the 
valve-opening electromagnet is energiZed under a constant 
voltage applied thereto. Similarly, the valve-closing electro 
magnet is preferably energiZed in the constant-voltage con 
trol mode in Which a solenoid of the valve-closing electro 
magnet is energiZed under a constant voltage applied 
thereto. The constant-voltage control mode alloWs the valve 
head to move quickly to the open or closed position because 
the current supplied to the electromagnet increases, i.e., 
electromagnetic forces generated thereby increase, ass the 
valve head moves. When the valve head moves to a position 
near the open position at the time it is to be opened or When 
the valve head moves to a position near the closed position 
at the time it is to be closed, the valve-opening electromag 
net or the valve-closing electromagnet is preferably ener 
giZed in the constant-current control mode in Which the 
solenoid of the electromagnet is energiZed With a constant 
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current supplied thereto. Particularly after the valve head has 
reached the open or closed position, the valve head is 
preferably held in that position in the constant-current 
control mode because electromagnetic forces required to 
hold the valve head in the position may be relatively small. 

[0038] According to the present invention, as described 
above, for opening the valve head, the valve-opening elec 
tromagnet is energiZed in the constant-voltage control mode 
after the valve-opening electromagnet starts being energiZed 
until the output of the displacement sensor reaches the 
seventh threshold corresponding to the position in the vicin 
ity of the open position, and the valve-opening electromag 
net is energiZed in the constant-current control mode after 
the output of the displacement sensor reaches the seventh 
threshold. For closing the valve head, the valve-closing 
electromagnet is energiZed in the constant-voltage control 
mode after the valve-closing electromagnet starts being 
energiZed until the output of the displacement sensor reaches 
the eighth threshold corresponding to the position in the 
vicinity of the closed position, and the valve-closing elec 
tromagnet is energiZed in the constant-current control mode 
after the output of the displacement sensor reaches the 
eighth threshold. 

[0039] When the valve head is opened, the valve head can 
smoothly be moved to the open position, smoothly reach the 
open position, and smoothly be held in the open position. 
Similarly, When the valve head is closed, the valve head can 
smoothly be moved to the closed position, smoothly reach 
the closed position, and smoothly be held in the closed 
position. Inasmuch as the seventh or eighth threshold for 
determining the timing to change from the constant-voltage 
control mode to the constant-current control mode is deter 
mined as described above, the energiZation of the electro 
magnets can be sWitched betWeen these control modes at a 
desired displaced position of the valve head near the open or 
closed position Without being affected by variations in the 
output characteristics of the displacement sensor, etc. Thus, 
the valve head can stably and smoothly be opened and 
closed regardless of variations in the output characteristics 
of the displacement sensor, etc. Because the timing to 
change from the constant-voltage control mode to the con 
stant-current control mode determined by the seventh or 
eighth threshold is highly reliable, the electric energy sup 
plied to the electromagnets is minimiZed, and hence the 
poWer consumption by the electromagnets is reduced. 

[0040] The threshold may include a ninth threshold cor 
responding to a position of the valve head Which is close to 
the open position and displaced from one of the open 
position and the closed position by a ninth proportion of the 
full displacement, and the step of controlling energiZation of 
the valve-opening electromagnet and/or the valve-closing 
electromagnet may comprise the step of performing a ?rst 
failure process to control energiZation of the valve-opening 
electromagnet and/or the valve-closing electromagnet if the 
output of the displacement sensor has not reached the ninth 
threshold at a predetermined timing When the valve head is 
opened from the closed position. 

[0041] The threshold may include a tenth threshold cor 
responding to a position of the valve head Which is close to 
the closed position and displaced from one of the open 
position and the closed position by a tenth proportion of the 
full displacement, and the step of controlling energiZation of 
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the valve-opening electromagnet and/or the valve-closing 
electromagnet comprises the step of performing a second 
failure process to control energiZation of the valve-opening 
electromagnet and/or the valve-closing electromagnet if the 
output of the displacement sensor has not reached the tenth 
threshold at a predetermined timing When the valve head is 
closed from the open position. 

[0042] When the valve head is to be opened, if the valve 
head moves normally from the closed position to the open 
position, then the valve head reaches a certain displaced 
position or a position closer to the open position than the 
displaced position at a certain timing, e.g., When a certain 
time has elapsed after the valve-closing electromagnet is 
de-energiZed. Similarly, When the valve head is to be closed, 
if the valve head moves normally from the open position to 
the closed position, then the valve head reaches a certain 
displaced position or a position closer to the closed position 
than the displaced position at a certain timing, e.g., When a 
certain time has elapsed after the valve-opening electromag 
net is de-energiZed. If the valve head has not reached such 
a position at the above timing, then the valve head is 
suffering a certain malfunction. 

[0043] According to the present invention, as described 
above, the ?rst failure process is performed to control 
energiZation of the valve-opening electromagnet and/or the 
valve-closing electromagnet if the output of the displace 
ment sensor has not reached the ninth threshold at a prede 
termined timing When the valve head is opened from the 
closed position. Likewise, the second failure process is 
performed to control energiZation of the valve-opening 
electromagnet and/or the valve-closing electromagnet if the 
output of the displacement sensor has not reached the tenth 
threshold at a predetermined timing When the valve head is 
closed from the closed position. 

[0044] Therefore, When the valve head malfunctions as it 
moves at the time it is opened or closed, it is possible to 
energiZe the valve-opening electromagnet or the valve 
closing electromagnet in a manner to cope With the mal 
function. Since the ninth or tenth threshold is established as 
described above, it reliably corresponds to the desired dis 
placed position of the valve head in the vicinity of the open 
or closed position irrespectively of variations in the output 
characteristics of the displacement sensor, etc. Conse 
quently, only When the valve head malfunctions upon its 
movement at the time it is opened or closed, the ?rst or 
second failure process can be carried out to energiZe the 
valve-opening electromagnet or the valve-closing electro 
magnet in a manner to cope With the malfunction. 

[0045] The ?rst or second failure process may comprise a 
process of alternately energiZing the valve-opening electro 
magnet and the valve-closing electromagnet in predeter 
mined periods until the valve head reaches either one of the 
valve-opening electromagnet and the valve-closing electro 
magnet. 

[0046] By thus alternately energiZing the valve-opening 
electromagnet and the valve-closing electromagnet in pre 
determined periods, the valve head is vibrated betWeen the 
open and closed positions, and can be moved to one of the 
open and closed positions due to reduced resonance. When 
the valve head is moved to one of the open and closed 
positions, the valve head can then resume its normal opening 
and closing action from that position. 
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[0047] The threshold may include an eleventh threshold 
corresponding to a position of the valve head Which is close 
to the open position and displaced from one of the open 
position and the closed position by an eleventh proportion of 
the full displacement, and the step of controlling energiZa 
tion of the valve-opening electromagnet and/or the valve 
closing electromagnet may comprise the step of performing 
a third failure process to control energiZation of the valve 
opening electromagnet and/or the valve-closing electromag 
net When the output of the displacement sensor has changed 
to the eleventh threshold before the valve-opening electro 
magnet is de-energiZed, after the valve head is displaced 
from the closed position to the open position. 

[0048] The threshold may include a tWelfth threshold 
corresponding to a position of the valve head Which is close 
to the closed position and displaced from one of the open 
position and the closed position by a tWelfth proportion of 
the full displacement, and the step of controlling energiZa 
tion of the valve-opening electromagnet and/or the valve 
closing electromagnet may comprise the step of performing 
a fourth failure process to control energiZation of the valve 
opening electromagnet and/or the valve-closing electromag 
net When the output of the displacement sensor has changed 
to the tWelfth threshold before the valve-closing electromag 
net is de-energiZed, after the valve head is displaced from the 
open position to the closed position. 

[0049] After the valve head has reached the open position, 
if the valve head is displaced toWard the closed position to 
a position in the vicinity of the open position, then the valve 
head suffers a certain malfunction. similarly, after the valve 
head has reached the closed position, if the valve head is 
displaced toWard the open position to a position in the 
vicinity of the closed position, then the valve head suffers a 
certain malfunction. 

[0050] According to the present invention, as described 
above, after the valve head is displaced from the closed 
position to the open position, the third failure process is 
performed to control energiZation of the valve-opening 
electromagnet and/or the valve-closing electromagnet When 
the output of the displacement sensor has changed to the 
eleventh threshold before the valve-opening electromagnet 
is de-energiZed. Likewise, after the valve head is displaced 
from the open position to the closed position, the fourth 
failure process is performed to control energiZation of the 
valve-opening electromagnet and/or the valve-closing elec 
tromagnet When the output of the displacement sensor has 
changed to the tWelfth threshold before the valve-closing 
electromagnet is de-energiZed. 

[0051] In this manner, When the valve head cannot be held 
in the open or closed position due to a malfunction, it is 
possible to energiZe the valve-opening electromagnet or the 
valve-closing electromagnet in a manner to cope With the 
malfunction. Inasmuch as the eleventh and tWelfth thresh 
olds are established as described above, they reliably cor 
respond to the desired displaced position of the valve head 
for determining Whether the third and fourth failure pro 
cesses are to be performed or not, irrespectively of variations 
in the output characteristics of the displacement sensor, etc. 
Consequently, only When the valve head malfunctions and 
fails to be held in the open or closed position, the third or 
fourth failure process can be carried out to energiZe the 
valve-opening electromagnet or the valve-closing electro 
magnet in a manner to cope With the malfunction. 
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[0052] The third failure process may comprise a process of 
deciding Whether the valve head can be returned to the open 
position by energizing the valve-opening electromagnet 
Within a period up to a timing to de-energiZe the valve 
opening electromagnet in order to close the valve head, 
energiZing the valve-opening electromagnet to return the 
valve head to the open position if the valve head can be 
returned to the open position Within the period, de-energiZ 
ing the valve-opening electromagnet if the valve head can 
not be returned to the open position Within the period, and 
energiZing the valve-closing electromagnet to move the 
valve head to the closed position at a predetermined timing. 

[0053] The fourth failure process may comprise a process 
of deciding Whether the valve head can be returned to the 
closed position by energiZing the valve-closing electromag 
net Within a period up to a timing to de-energiZe the 
valve-closing electromagnet in order to open the valve head, 
energiZing the valve-closing electromagnet to return the 
valve head to the closed position if the valve head can be 
returned to the closed position Within the period, de-ener 
giZing the valve-closing electromagnet if the valve head 
cannot be returned to the closed position Within the period, 
and energiZing the valve-opening electromagnet to move the 
valve head to the open position at a predetermined timing. 

[0054] By thus controlling energiZation of the valve-open 
ing electromagnet and the valve-closing electromagnet, the 
normal opening and closing action of the valve head can be 
recovered Without impairing the operating state of the inter 
nal combustion engine. 

[0055] The ?rst through tWelfth thresholds described 
above may be different from each other, or some of the ?rst 
through tWelfth thresholds may be identical to each other. 

[0056] According to another aspect of the present inven 
tion, there is provided a method of controlling an electro 
magnetic valve unit in an internal combustion engine, hav 
ing a valve head reciprocally movable betWeen an open 
position for opening an intake or eXhaust port of a combus 
tion chamber in the internal combustion engine and a closed 
position for closing the intake or eXhaust port, biasing means 
for biasing the valve head to a neutral position betWeen the 
open position and the closed position, a valve-opening 
electromagnet for displacing the valve head into the open 
position under electromagnetic forces, a valve-closing elec 
tromagnet for displacing the valve head into the closed 
position under electromagnetic forces, and a displacement 
sensor for generating an output depending on a displaced 
position of the valve head, the method comprising the steps 
of determining a ?rst threshold for the output of the dis 
placement sensor Which corresponds to a position of the 
valve head Which is displaced from one of the open position 
and the closed position by a ?rst distance and a second 
threshold for the output of the displacement sensor Which is 
closer to the open position than the position corresponding 
to the ?rst distance and displaced from one of the open 
position and the closed position by a second distance, 
measuring a time after the output of the displacement sensor 
has reached the ?rst threshold until the output of the dis 
placement sensor reaches the second threshold When the 
valve head is opened from the closed position, and adjusting 
a timing to energiZe the valve-opening electromagnet When 
the valve head is to be opened neXt time, depending on the 
measured time. 
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[0057] According to still another aspect of the present 
invention, there is provided a method of controlling an 
electromagnetic valve unit in an internal combustion engine, 
having a valve head reciprocally movable betWeen an open 
position for opening an intake or eXhaust port of a combus 
tion chamber in the internal combustion engine and a closed 
position for closing the intake or eXhaust port, biasing means 
for biasing the valve head to a neutral position betWeen the 
open position and the closed position, a valve-opening 
electromagnet for displacing the valve head into the open 
position under electromagnetic forces, a valve-closing elec 
tromagnet for displacing the valve head into the closed 
position under electromagnetic forces, and a displacement 
sensor for generating an output depending on a displaced 
position of the valve head, the method comprising the steps 
of determining a third threshold for the output of the 
displacement sensor Which corresponds to a position of the 
valve head Which is displaced from one of the open position 
and the closed position by a third distance and a fourth 
threshold for the output of the displacement sensor Which is 
closer to the closed position than the position corresponding 
to the third distance and displaced from one of the open 
position and the closed position by a fourth distance, mea 
suring a time after the output of the displacement sensor has 
reached the third threshold until the output of the displace 
ment sensor reaches the fourth threshold When the valve 
head is closed from the open position, and adjusting a timing 
to energiZe the valve-closing electromagnet When the valve 
head is to be closed neXt time, depending on the measured 
time. 

[0058] In the above tWo latter methods, tWo thresholds, 
i.e., the ?rst and second threshold or the third and fourth 
thresholds, for the output of the displacement sensor are 
determined as corresponding to tWo displaced positions 
betWeen the open and closed positions. When the valve head 
is to be opened or closed, a time required after the output of 
the displacement sensor has reached one of the thresholds 
until the output of the displacement sensor reaches the other 
threshold is measured. The measured time corresponds to a 
speed of the valve head as it is opened or closed. The timing 
to energiZe the valve-opening electromagnet to open the 
valve head neXt time or the timing to energiZe the valve 
closing electromagnet to close the valve head neXt time is 
adjusted depending on the measured time. 

[0059] As a consequence, the speed at Which the valve 
head moves When it is opened or closed can be controlled 
accurately at a desired speed While compensating for the 
friction of various related parts, the characteristics of the 
biasing means, the internal pressure (combustion pressure) 
in the combustion chamber, and remaining magnetic forces 
immediately after the electromagnets are de-energiZed. 

[0060] The above tWo latter methods can be carried out 
simultaneously in combination With each other. 

[0061] The above and other objects, features, and advan 
tages of the present invention Will become apparent from the 
folloWing description When taken in conjunction With the 
accompanying draWings Which illustrate preferred embodi 
ments of the present invention by Way of eXample. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0062] FIG. 1 is a vertical cross-sectional vieW shoWing a 
basic structure of an electromagnetic valve unit to be con 
trolled by a method according to the present invention; 
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[0063] FIG. 2 is a block diagram of a system according to 
an embodiment of the present invention, for controlling the 
electromagnetic valve unit shoWn in FIG. 1; 

[0064] FIG. 3 is a timing chart of an operation sequence 
of the system shoWn in FIG. 2; 

[0065] FIG. 4 is a ?oWchart of a threshold setting process 
carried out by the system shoWn in FIG. 2; 

[0066] FIGS. 5 and 6 are a ?oWchart of a process of 
opening the electromagnetic valve unit, Which is carried out 
by the system shoWn in FIG. 2; 

[0067] FIG. 7 is a timing chart of a subroutine of the 
process shoWn in FIG. 6; 

[0068] FIG. 8 is a ?oWchart of a subroutine of the process 
shoWn in FIG. 6; 

[0069] FIGS. 9 and 10 are a ?oWchart of a process of 
closing the electromagnetic valve unit, Which is carried out 
by the system shoWn in FIG. 2; 

[0070] FIG. 11 is a ?oWchart of a subroutine of the 
process shoWn in FIG. 10; and 

[0071] FIG. 12 is a block diagram of a system according 
to another embodiment of the present invention, for con 
trolling the electromagnetic valve unit shoWn in FIG. 1. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0072] FIG. 2 shoWs in block form a system according to 
an embodiment of the present invention, for controlling an 
electromagnetic valve unit. In FIG. 2, the system controls an 
electromagnetic valve unit 11, Whose basic structure is 
identical to the basic structure shoWn in FIG. 1, for selec 
tively opening and closing an intake/exhaust port 2 of a 
combustion chamber 1 of each cylinder of an internal 
combustion engine. The electromagnetic valve unit 11 is 
schematically shoWn, With details omitted from illustration, 
in FIG. 2. 

[0073] As shoWn in FIG. 2, the system includes a dis 
placement sensor 12 associated With the electromagnetic 
valve unit 11, for generating an output VX depending on the 
displaced position of the valve head 3 of the electromagnetic 
valve unit 11, and a controller 13 for controlling the ener 
giZation of the solenoids 5a, 6a of the valve-closing 
and -opening electromagnets 5, 6 in order to control the 
operation of the electromagnetic valve unit 11. The displace 
ment sensor 12 may comprise an eddy-current-type sensor 
or a sensor of the type of detecting a change in inductance. 

[0074] The controller 13 comprises a microcomputer 14 
having a CPU, a RAM, and a ROM (not shoWn), an output 
interface circuit 15 as a driver circuit for energiZing the 
electromagnets 5, 6 according to commands from the micro 
computer 14, and an input interface circuit 16 for supplying 
various data required by control processes performed by the 
microcomputer 14, including the output VX of the displace 
ment sensor 12. 

[0075] The microcomputer 14 has, as its functions, a 
threshold setting means 17 for performing a process of 
setting thresholds, to be described later on, for the output VX 
of the displacement sensor 12, and an energiZation control 
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means 18 for performing a process of controlling the ener 
giZation of the electromagnets 5, 6. 

[0076] The input interface circuit 16 has an A/D converter 
19 for converting an analog signal representing the output 
VX of the displacement sensor 12 into a digital signal and 
supplying the digital signal to the microcomputer 14, a D/A 
converter 20 for converting digital data of thresholds set by 
the microcomputer 14 into analog data, and a comparator 21 
for comparing the output of the D/A converter 20, i.e., a 
level signal representing the thresholds, With the output VX 
of the displacement sensor 12, and supplying data depending 
on the result of comparison to the microcomputer 14. 

[0077] The microcomputer 14 is supplied With, other than 
the output VX of the displacement sensor 12, detected data 
representing a rotational speed Ne of the internal combus 
tion engine, an engine temperature TW thereof, an accelera 
tor movement quantity ACC, etc. Which are detected by 
non-illustrated sensors. 

[0078] Operation of the system shoWn in FIG. 2, primarily 
control processes performed by the microcomputer 14, Will 
be described beloW. 

[0079] While the internal combustion engine is in opera 
tion, the microcomputer 14 sequentially determines target 
values for the opening and closing action of the valve head 
3, i.e., target values in each opening and closing cycles of the 
valve head 3, from a map based on detected data of the 
rotational speed Ne, the engine temperature TW, the accel 
erator movement quantity ACC, etc. in order to open and 
close the valve head 3 according to a predetermined pattern 
depending on the rotational speed Ne, the engine tempera 
ture TW, the accelerator movement quantity ACC, etc. The 
target values to be determined include a target value for the 
timing for the valve head 3 to have reached a position 
displaced a certain distance, e.g., 1 mm, from the closed 
position toWard the open position When the valve head 3 is 
opened and closed, and a target value for the speed at Which 
the valve head 3 moves When the valve head 3 is opened and 
closed. 

[0080] Based on the data of the determined target values 
and the output VX of the displacement sensor 12, the 
microcomputer 14 controls the energiZation of the electro 
magnets 5, 6 via the output interface circuit 15, as described 
beloW, thereby to control the opening and closing action of 
the valve head 3. 

[0081] A process of controlling the energiZation of the 
electromagnets 5, 6 Will be described beloW With reference 
to the timing chart of FIG. 3 and the ?oWcharts of FIGS. 4 
through 11. 

[0082] In the timing chart of FIG. 3, time-dependent 
changes of the output VX of the displacement sensor 12 
When the valve head 3 is opened and closed and time 
dependent changes of a threshold parameter P, to be 
described later on, compared With the output VX are indi 
cated respectively by solid-line and dot-and-dash-line 
curves in an upper portion of FIG. 3. Operation of timers for 
measuring various times is shoWn in a middle portion of 
FIG. 3. Time-dependent changes of currents passing 
through the valve-opening electromagnet 6 and the valve 
closing electromagnet 5 are shoWn in a loWer portion of 
FIG. 3. 


























