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(57) ABSTRACT 

An electric poWered bicycle having a dip sensor or sWitch 

and/or a gradient sensor or switch. The bicycle has front and 

rear Wheels each rotatably supported by a frame; a chain 

slung betWeen the Wheels and a chainset for transferring 

manual poWer to the Wheels; an electric motor coupled to 

one of the Wheels for driving the Wheel directly; and a poWer 

supply capable of supplying electric poWer to the motor. The 
dip gradient sensors are associated With a pulse Width 

modulation circuit. 

10 Claims, 9 Drawing Sheets 

44 
S 

l NDUCED VOLTAGE 

DETECTION CIRCUIT 

J46 
PWM CURCU IT 

GRADIENT SENSOR f1 4 



U.S. Patent Nov. 13, 2001 Sheet 1 0f 9 US RE37,443 E 

F IG. / 
PRIOR ART 

10 

11\>II W H3 

12''; E 1i @ 

FIG. 2 
PRIOR ART 



U.S. Patent Nov. 13, 2001 Sheet 2 0f 9 US RE37,443 E 

mm 

wm 

@ 

9N Nm _ 
8 

a 

8 

mm : 

~ ~ 

mw/ \ Pm 
Q 2 R 

a h @N 

8 

J / 

mm 



U.S. Patent Nov. 13, 2001 Sheet 3 0f 9 US RE37,443 E 

F/G.4 

3O 
23 

23 

24 



U.S. Patent Nov. 13, 2001 Sheet 4 0f 9 US RE37,443 E 

33 

38 

34 

1 37 

23 

24 F/G.6 

26 
2'7 



U.S. Patent Nov. 13, 2001 Sheet 5 0f 9 US RE37,443 E 

F/G.7 



U.S. Patent Nov. 13, 2001 Sheet 6 0f 9 US RE37,443 E 

F/G.9 
Vcc 

1 4 4 
2 S 
‘1;: ‘ INDUCED VOLTAGE 

DETECTION CIRCUIT 

J4 6 
4 2\:| P+N Pwm CURCUIT 

v GRADIENT SENSOR f1 4 

E5 E 
< 

*3 
2 
LL! 
|,_ 

6 

_ 0 O 6 O + 

ASCENT ANGLE 6 



U.S. Patent Nov. 13, 2001 

FIG/l 

Sheet 7 0f 9 US RE37,443 E 

FIRST 

COMPARATOR 

SPEED DETECTION MEMORY 
CIRCUIT CIRCUIT 

5 5 5\8 
DRIVE CURCUIT 

28 
I / 

GRADIENT SWITCH 



US RE37,443 E Sheet 8 0f 9 Nov. 13, 2001 U.S. Patent 

mm 



U.S. Patent Nov. 13, 2001 Sheet 9 0f 9 US RE37,443 E 

FIG. /4 
94 

92 x 91 

93 
95 

FIG/5 
97 

98 



US RE37,443 E 
1 

ELECTRIC POWERED BICYCLE 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

This application is a reissue ofSer'. No. 08/532,529 ?led 
Sep. 22, 1995 now US. Pat. No. 5,603,388 which is a 
continuation of application Ser. No. 08/304,706 ?led Sep. 
12, 1994, and now abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to an electric powered bicycle 
having a DC motor for use as an auxiliary power source, a 
dip sensor or switch for detecting a dip of a chain and/or a 
gradient sensor or switch. 

2. Description of the Prior Art 
An auxiliary power unit or bicycle having a DC motor for 

use as an auxiliary power source is applied by the present 
inventor in accordance with Japanese Patent Application No. 
62-97083, laid open for public inspection as JP-A-63 
263189. 

In FIG. 1, a DC motor-control circuit for use in a bicycle 
(FIG. 2) comprises a DC motor 1 having its output shaft 
meshed with a chainset of the bicycle. A power supply 
voltage from a battery 2 can be supplied to the DC motor 1 
through an emitter-collector of a power transistor 3. A 
collector and a base of the power transistor 3 are connected 
to a base and a collector of a detection transistor 6 through 
resistors 4 and 5, respectively. An emitter of the detection 
transistor 6 is grounded through a switch 7. 

Therefore, even if the switch 7 is turned on, transistors 6 
and 3 maintain an OFF state unless the DC motor 1 is not 
rotating. When an external force causes the rotation of a 
rotor of the DC motor 1, induced voltage pulses generated 
between brushes of the DC motor 1 exceeding a predeter 
mined level are applied to the base-emitter of the detection 
transistor 6. Then the transistors 6 and 3 are sequentially 
turned on to transfer their latch conditions. 

An output of a pulse generator 8 which generates peri 
odical pulses is ORed to the base of the detection transistor 
6 through a transistor 9. The power supply for the pulse 
generator 8 is controlled by another transistor 11, and is 
maintained by a smoothing capacitor 12 upon instantly 
turning the transistor 11 off. The pulse generator 8 produces 
output pulses each instantly turning off the detection tran 
sistor 6 to turn off the power transistor 3. The detection 
transistor 6 detects the collector voltage of the power 
transistor 3 still in an OFF state just after the output pulse 
returns to the normal level. When the DC motor 1 is rotating, 
it generates an induced voltage or potential to again turn on 
the detection transistor 6, which turns on the power transis 
tor 3 so as to maintain the rotation of the DC motor 1 by 
supplying power thereto. 

The DC motor 1 or M is mounted on a frame 21 of the 
bicycle as shown in FIG. 2. In this case, an output shaft of 
the DC motor M is rotatably coupled to the chainset or front 
sprocket 23 through a gearbox G. Therefore, as a younger or 
aged driver continues pedalling on a pedal 24, the bicycle is 
moving and the shaft of the DC motor M is rotating through 
the chainset 23 and gearbox G. With the DC motor rotation, 
electric power is supplied to the DC motor M to transfer an 
auxiliary rotational power of the DC motor M to the chainset 
23 and to the rear wheel 26 through a chain 25. A freewheel 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
27, chain 25, chainset 23, pedal 24 and other constructions 
of this bicycle are identical to those of a conventional 
bicycle. The switch 7 as shown in FIG. 1 is mounted on the 
frame 21 to detect a dip of the chain 25. Then, as the driver 
stops the pedalling action on the pedal 24, the upper side 
components of the chain 25 are slung down to shut off the 
power supply of the DC motor M. 

However, in the control circuit described above, since the 
ON/OFF operation of the DC motor 1 is based on the 
pedalling action on the pedal 24, the power supply to the DC 
motor 1 performs with wasted energy consumption when the 
pedal 24 continues to be pedalled on a ?at or downhill run. 

When the auxiliary power is actuated on a downhill road, 
extreme acceleration of the bicycle may be provided to 
produce an uncontrollable speed. It is therefore preferable to 
activate the auxiliary power on a steep ascent of the road. 

SUMMARY OF THE INVENTION 

Accordingly, it is a primary object of the present invention 
to provide an auxiliary motor having a rotating shaft 
engaged with a front or rear wheel in combination with a dip 
sensor or switch for detecting a dip of a chain. Then, manual 
power is transferred through the chain to the wheel. 

It is another object of the present invention to provide a 
gradient switch mounted on the frame for use in detecting a 
predetermined downhill angle of the bicycle relative to a 
horizontal plane. 

It is a further object of the present invention to provide 
another gradient switch for detecting a predetermined ascent 
angle of the bicycle to produce a full auxiliary power. 

It is a further object of the present invention to provide an 
analog gradient sensor for detecting an ascent angle of the 
bicycle relative to a horizontal plane to produce an auxiliary 
power in accordance with the ascent angle thereof. 

It is still a further object of the present invention to 
provide a DC motor control or PWM circuit for a DC motor 
proportionally controlled by a gradient sensor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A better understanding of the present invention can be 
obtained when the following detailed description of the 
preferred embodiments are considered in conjunction with 
the following drawings, in which: 

FIG. 1 shows a schematic circuit diagram of a conven 
tional DC motor control circuit of an electric powered 
bicycle; 

FIG. 2 shows a schematic diagram of a conventional 
electric powered bicycle; 

FIG. 3 shows a schematic side view of an electric pow 
ered bicycle according to a ?rst embodiment of the present 
invention; 

FIG. 4 shows a schematic partial side view of a drive 
mechanism of FIG. 3; 

FIG. 5 shows a schematic partial top view of an electric 
powered bicycle of FIG. 3; 

FIG. 6 shows a schematic side view of an electric pow 
ered bicycle according to a second embodiment of the 
present invention; 

FIG. 7 shows a schematic partial front view of the electric 
powered bicycle of FIG. 6; 

FIG. 8 shows a schematic block diagram of a DC motor 
control circuit suitable for use in the electric powered 
bicycles of FIGS. 3 and 6; 

FIG. 9 shows another schematic block diagram of a DC 
motor control circuit for the electric powered bicycles of 
FIGS. 3 and 6 each having a gradient sensor; 
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FIG. 10 shows a timing chart for the DC motor control 
circuit of FIG. 9; 

FIG. 11 is a DC motor control circuit for an electric 
poWered bicycle showing a third embodiment of the inven 
tion; 

FIG. 12 is a schematic block diagram of a DC motor 
control circuit shoWing a fourth embodiment of the inven 
tion; 

FIG. 13 is a circuit diagram of a DC motor control circuit 
according to the invention suitable for use in vehicles; 

FIG. 14 shoWs a cross-sectional vieW of a gradient sWitch 
mounted on the electric poWered bicycles of FIGS. 3 and 6; 
and 

FIG. 15 shoWs a cross-sectional vieW of a gradient sWitch 
mounted on the electric poWered bicycles of FIGS. 3 and 6. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring noW to FIGS. 3 and 5, an electric poWered 
bicycle according to a ?rst embodiment of the invention is 
generally shoWn. In FIGS. 3 and 5, the same reference 
numerals are used to denote the same components or parts 
as those in the prior art as shoWn in FIG. 2. 

In FIG. 3, the bicycle is manually driven by pedal 24, a 
crank, chainset 23, chain 25 and rear sprocket 27 provided 
on a rear Wheel 26 that are similar to those of the conven 

tional bicycle. A motor 1 providing an auxiliary poWer 
source is mounted on a bracket 32 on the frame 21 in 
combination With a gearbox G. The horse poWer of motor 1 
is transferred to the rear Wheel 26 from the gearbox G 
through an output gear 30 and another gear 31 mounted 
coaxially With the rear sprocket 27. The poWer supply or 
battery (not shoWn) for the motor 1 is also installed in a 
luggage carrier 35 or other space Within portions of the 
frame. 
AsWitch 7 for turning the motor 1 on or off is electrically 

connected betWeen the poWer supply and the motor 1. 
SWitch 7 has an arm 17 pivotally supported on axis 16 and 
a roller 18 is provided on a free end of the arm 17. The roller 
18 so abuts an upper side of the endless chain 25 that the arm 
17 is pivoted in response to a dip of the chain 25 to detect 
the dip of the chain 25. Aplate 19 mounted on the sWitch 7 
and arm 17 are aligned and secured to a case of the motor 
1 or bracket 32 so that the roller 18 is engaged With the chain 
25 at a middle position betWeen front and rear sprocket 23 
and 27 to obtain a maximum dip change of the chain 25 
relative to the manual pedalling force through the pedal 24. 
When the arm 17 is urged by a coil spring (not shoWn) 
doWnWardly, a chain tensioner can be provided in combi 
nation With the arm 17 and the roller 18 to suppress 
unfavorable vibrations of the dipped chain 25 and to prevent 
the dipped chain 25 from dropping out of the sprockets. 

FIG. 4 shoWs an enlarged side vieW of the mechanism of 
the electric poWered bicycle of FIG. 3. The chain 25 dips as 
shoWn in the chain line When the driver does not pedal the 
pedal 24 or When the bicycle is stopped or not moving. 
When the dipped chain 25 causes the roller 18 and arm 17 
to move vertically doWnWard as shoWn, the sWitch 7 goes to 
an OFF state and the poWer supply to the motor 1 is shut off. 

When the driver pedals on the pedal 24 or When manual 
force is applied by the driver, tension on the chain 25 goes 
high and the chain 25 is tightened as shoWn by a solid line. 
When the tightened chain 25 causes the roller 18 and arm 17 
to move upWardly as shoWn on the solid line, the sWitch 7 
does to an ON state and the poWer supply to the motor 1 is 
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4 
resumed. Therefore, only When the driver pedals the pedals 
24 is the driving force of the motor 1 applied as an auxiliary 
poWer source. When the driver steps off of the pedal 24 or 
the chain 25 is out of the sprockets, the roller 18 and arm 17 
move doWnWardly as shoWn in the vertical line, the sWitch 
7 goes to an OFF state and the poWer supply to the motor 1 
is shut off. Therefore, this electric poWered bicycle is not 
self-running With the driving force of the motor 1, irrespec 
tive of the driver’s intention. 

FIG. 5 shoWs a top vieW of the driving mechanism as 
shoWn in FIG. 4. The rear sprocket 27 is mounted on a 
Well-knoWn freeWheel hub, and the forWard manual force is 
transferred from the chainset 23 to the rear Wheel 26. The 
gear 31 is mounted coaxially With the rear sprocket 27 and 
may be mounted on the freeWheel hub as Well as the rear 
sprocket 27 or integral With the rear Wheel 26. When the gear 
31 is mounted or integral With the rear Wheel 26, the driving 
force of the motor 1 is not transferred from the chainset 23 
to the pedal 24. Then, an accident in Which the driving force 
of the motor 1 forcedly rotates the pedal 24 is prevented and 
a safety feature is thereby provided. Also, the rear Wheel 26 
can be adjusted back and forth on the frame 21 to adjust the 
dip level of the chain 25. Then, too, the motor 1 and gearbox 
G are adjustable on the frame 21 to adjust the meshed 
engagement betWeen the gears 30 and 31. 

FIG. 6 shoWs a schematic side vieW of an electric poW 
ered bicycle according to a second embodiment of the 
present invention. The construction of this embodiment is 
identical to that of FIG. 3 except that the motor 1 and 
gearbox G are carried by a support shaft 37 provided on the 
front fork 34 to drive the tire of the front Wheel 33 of the 
bicycle by an output roller 38 of the gearbox G. The output 
roller 38 is urged by a spring (not shoWn)to a side Wall of the 
tire 33 and the sWitch 7 and arm 17 are similar to those of 
FIG. 3 except that the plate 19 is mounted on the frame 21. 

FIG. 7 shoWs a schematic partial front vieW of an electric 
poWered bicycle of FIG. 6. In FIG. 7, the output roller 38 is 
urged by the spring (not shoWn) to one side of the tire 33 and 
another idle roller 39 opposite to the output roller 38 is 
provided to fairly transfer the drive force from the output 
roller 38 to the tire of the front Wheel 33. This idle roller 39 
is rotatably supported on a support member 40 carried by 
another support shaft 37 provided on the front fork 34 to be 
urged by another spring (not shoWn) as Well as the output 
roller 38. 
The tire drive mechanism of FIGS. 6 and 7 is also 

applicable to the rear Wheel 26. A dynamo may also be 
installed in the support member 40 to turn on a head lamp 
With its generating output When night cycling. 

In the embodiments described above, the poWer supply to 
the motor 1 is ON/OFF controlled by the sWitch 7. HoWever, 
the sWitch 7 generally uses a micro sWitch or the like 
suitable for detecting the dip of the chain 25 Which is not 
suitable for passing suf?cient current for driving the motor 
1. The driving current required Would cause the abrasion of 
the contacts of the micro sWitch Which Would be damaged in 
a short period. Therefore, the addition of an electromagnetic 
relay or solid or semiconductor poWer element as a slave of 
the sWitch 7 Would probably be necessary. 

FIG. 8 shoWs a schematic block diagram of a DC motor 
control circuit suitable for use in the electric poWered 
bicycles of FIGS. 3 and 6. In FIG. 8, a potentiometer or 
variable resistor (VR) 14 used as the gradient sensor is 
provided instead of the sWitch 7 to detect the dip degree of 
the chain 25. An analog signal of the variable resistor 14 
proportional to the dip degree is applied to a PWM (Pulse 
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Wide Modulation) ampli?er or buffer 15 to drive the motor 
1 With high ef?cient power consumption. Therefore, the 
driving force proportional to the pedalling rate of pedal 24 
by the younger or older driver is performed as Well as the 
smooth or mature steering operations of the bicycle. 

For example, the DC motor control circuit as shoWn in 
FIG. 1 may be used to periodically monitor an induced 
voltage generated upon the rotation of the DC motor 1, and 
then continue to supply poWer thereto When the induced 
voltage eXceeds a predetermined threshold level. In the case 
When an external force causes the DC motor 1 to stop, the 
supply poWer to the DC motor 1 is shut off during the neXt 
induced voltage monitoring period to prevent the DC motor 
1 from burning or being harmed. 
As the DC motor 1 and the dip sWitch are detachable With 

the bracket, ordinary bicycles can be easily modi?ed to 
electric poWered bicycles. Additional sWitches synchronous 
With a break sWitch may be mounted on the bicycle to 
prevent the DC motor 1 from rotating When a break opera 
tion takes place. 
As described above, according to the present invention, a 

dip change of the chain is detected When manual poWer is 
transferred. Accordingly, an electric poWered bicycle is 
operated Without Wasted energy consumption. 
As the DC motor 1 drives the rear or front Wheel by 

another route compared to the chain for transferring manual 
poWer, the drive force of the DC motor does not affect the 
driver. Since the drive of the DC motor is stopped by the 
dipping of the chain When the drive force of the DC motor 
proceeds to manual drive, an electric poWered bicycle is 
easily provided With eXtreme safety. 

The dip sWitch comprises an arm pivoted in response to 
the dip of the chain. Then, the arm not only detects the dip 
of the chain but also performs the function of suppressing 
vibrations of the chain or removal of the chain from the 
sprocket. 
By using a PWM circuit in conjunction With the analog 

dip sensor, a smooth or linear auXiliary control of the DC 
motor can be obtained. 

FIG. 9 shoWs another block diagram of a DC motor 
control circuit for the electric poWered bicycles of FIGS. 3 
and 6 each having an analog gradient sensor 14. The gradient 
sensor 14 is mounted on the frame 21 as shoWn in FIGS. 3 
and 6 to provide an analog signal proportional to an ascent 
angle of the road and to output a maXimum analog signal, for 
eXample, at 6 degrees of the ascent angle. The gradient 
sensor 14 comprises a Hall element or variable resistor 
associated With a magnetic pendulum or Weight to output an 
analog signal depending on the ascent slope. 

The control circuit similar to that of FIG, 8 comprises a 
battery 2, a poWer MOSFET 42 source coupled to ground 
and a negative terminal of the battery 2, and a DC motor 1 
connected betWeen a positive terminal of the battery 2 and 
a drain of the MOSFET 42. The control circuit also com 
prises an induced voltage detection circuit 44 connected to 
a junction betWeen the motor 1 and MOSFET 42 to peri 
odically detect an induced voltage of the DC motor 1 and a 
PWM circuit 46 connected betWeen an enable output of the 
detection circuit 44 and a gate of the MOSFET 42. The 
PWM circuit 46 also receives the analog signal from the 
gradient sensor 14 through a loW pass ?lter (not shoWn). 

FIG. 10 shoWs a timing chart of FIG. 9 that shoWs the 
Waveform of the gate voltage of MOSFET 42 versus the 
ascent angle 6). When the bicycle is running doWnhill or on 
a ?at road, PWM poWer is not provided to the DC motor 1. 
When the bicycle begins on the road, at least one third full 
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6 
poWer may be supplied to the DC motor 1 associated With 
the dip sensor. On an ascent road having a predetermined 
range 6), the pulse Wide modulation poWer is supplied to the 
DC motor 1 in response to the gradient sensor. When the 
ascent road angle 6) eXceeds, for eXample, siX degrees, the 
PWM circuit continues in an ON state to supply full poWer 
to the DC motor 1 as an aXillary full poWer source. 

Referring noW to FIG. 11, a DC motor control circuit 
suitable for use in an electric poWered bicycle according to 
a third embodiment of the invention is generally shoWn. In 
FIG. 11, the same reference numerals are used to denote the 
same components or parts as those in the prior art circuit as 
shoWn in FIG. 1 and a detailed description is omitted. In this 
control circuit, a gradient sWitch 28 is connected betWeen 
the base of the detection transistor 6 and ground. The 
gradient sWitch 28 is mounted on the frame 21 of the bicycle 
as shoWn in FIGS. 3 and 6 so that it turns on When the 
bicycle is running doWnhill on a road having, for eXample, 
a 5 degree doWnhill angle. Then, the detection transistor 6 is 
turned off to shut off the poWer supply to the DC motor The 
gradient sWitch 28 is described in detail hereafter. 
The pulse generator circuit 8 consists of a bistable mul 

tivibrator ?ip ?op equivalent to the combination of the pulse 
generator 8 and transistor 9 as shoWn in FIG. 1. The 
generator 8 comprises tWo pull-up, for eXample, 100 kQ 
resistors connected to collectors of a transistor and a multi 
collector transistor, and tWo sets of a capacitor and a resistor 
connected from a base of a transistor to a collector of another 
or opposed transistor and to a positive voltage, respectively. 
Values of these tWo sets of the capacitors and resistors are 
predetermined to have, for eXample, a 1% duty ratio of 
pulses. 

FIG. 12 is a block diagram of a DC motor control circuit 
shoWing a fourth embodiment of the invention. In FIG. 12, 
the same reference numerals are used to denote the same 
components or parts as those in the present circuit as shoWn 
in FIG. 11. First, a negative electrode of the poWer supply or 
secondary cell 2 is connected to ground. A coil 54 having a 
high impedance to pulses is connected betWeen a positive 
electrode (Vcc) of the cell 2 and a brush 53 of the DC motor 
1. 
A relay contact 56 is connected betWeen a second brush 

55 and ground to rotate the DC motor 1 upon closing. An 
induced voltage is generated by the rotating DC motor 1 
When the relay contact 56 is open. Then, short-period open 
WindoWs are periodically provided, and the induced voltage 
is compared With a divided voltage of the poWer supply 
voltage Vcc at a comparator 57 Whose output is applied to 
a drive circuit 58. 

On the other hand, connected to a junction betWeen the 
brush 53 and coil 54 is a running rate or speed detection 
circuit 59 to detect the rotational speed of the DC motor 1 
When the relay contact 56 is closed. 

The speed detection circuit 59 includes a time constant 
circuit that repeats charging per pulse generated upon 
sWitching polarity of commutators (not shoWn) of the DC 
motor 1. The speed detection circuit output is applied to the 
drive circuit 58 and to an analog memory circuit 60. The 
memory circuit 60 stores an analog signal or voltage indi 
cating the rotational speed to a capacitor in response to the 
running speed of the vehicle, and the terminal voltage of the 
capacitor or memoriZed analog signal is input to the drive 
circuit 58. The drive circuit 58 compares the current analog 
voltage and the memoriZed analog voltage to produce a 
comparison result. Then, the relay contact 56 is controlled 
based on the comparison result or a gradient signal from the 
gradient sWitch 28. 
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According to the present invention, the DC motor 1 is 
rotatably mounted on the rear Wheel 26. Then, When the 
driver pedals the pedal 24, a manual force rotates the rear 
Wheel 26 through the chain 25 as Well as the output shaft of 
the DC motor 1 in Which case, the upper side or portion of 
the chain 25 that moves on the chainset 23 from the 
freeWheel 27 is tensioned or tightened to turn on the sWitch 
7. The DC motor 1 generates an induced voltage Without 
supplying poWer. The ?rst comparator 57 compares the 
induced voltage With a reference voltage to provide an 
output to be applied to the drive circuit 58. When a sub 
tracted value of the induced voltage from the poWer supply 
voltage is loWer than the reference voltage value, the output 
is supplied to the drive circuit 58 to latch the relay contact 
56 to an ON state. 

The bicycle running on a ?at or ascent road continues to 
receive poWer from the DC motor 1 and to transfer the 
auxiliary poWer from the DC motor 1 to the rear Wheel 26 
of the bicycle. When the pedal is further pedalled to accel 
erate the bicycle, an analog voltage output of the speed 
detection circuit 59 is decreased to decrease an analog 
memory voltage of the memory circuit 60. When the bicycle 
is deaccelerated by a predetermined amount, the analog 
voltage becomes higher than the analog memory voltage and 
the output of the comparator of the drive circuit 58 transfers 
to a high from a loW (L) level. During a predetermined 
period after this level change, the drive circuit 58 turns off 
the relay contact 56 to provide a rotational detection period 
for the DC motor 1. 

FIG. 13 is a circuit diagram of a DC motor control circuit 
according to the invention suitable for use in vehicles. In 
FIG. 13, the same reference numerals are used to denote the 
same components or parts as those in the present circuit as 
shoWn in FIG. 12. Abrush 53 of the DC motor 1 is connected 
to a positive voltage (Vcc) of, for example, a 12 volt cell 2 
through a coil 54. A second brush 55 of the DC motor 1 is 
connected to an inverting input of a ?rst comparator 57 that 
detects an induced voltage. 

A non-inverting input of the comparator 57 is connected 
to a divider circuit 82 of a memory circuit 60 or reference 
voltage source and its output is connected to a ?rst NAND 
gate 61 of the drive circuit 58. Drive circuit 58 comprises a 
second comparator 62, a delay circuit 63 for delaying an 
output of the second comparator 62 applied to the ?rst 
NAND gate 61 and a second NAND gate 64 that receives an 
output of the second comparator 62. 

The delay circuit 63 includes, for example, a 1 M9 
resistor connected betWeen the output of the comparator 62 
and an input of the NAND gate 61, and 1 micro farad 
capacitor connected betWeen the input of the NAN D gate 61 
and ground. The delay circuit 63 may be substituted With a 
delay element or D-type ?ip ?op having a clock input. An 
output of the ?rst NAND gate 61 is connected to the second 
NAND gate 64. An output of the second NAND gate 64 is 
connected through a resistor 65 to a base of a transistor 66 
Whose collector is connected to the positive poWer source 
line Vcc through a coil 68 of an electromagnetic relay 67. 
The base of the transistor 66 is connected to ground through 
a gradient sWitch 28 that turns on at a predetermined 
doWnhill slope of the road. 

Therefore, When the DC motor 1 is stopped, the relay 
contact 56 maintains an OFF state and the electric poWer 
from the cell 2 is not supplied to the DC motor 1. Outputs 
of the ?rst comparator 57, the ?rst NAND gate 61 and the 
second comparator 62 are L, H and H, respectively. When an 
external force causes the output shaft of the DC motor 1 to 
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8 
rotate through the chain 25, an induced voltage is generated 
betWeen the brushes 53 and 55 of the DC motor 1. When a 
subtracted value of the induced voltage from the poWer 
supply voltage is loWer than the reference voltage of the 
divider circuit 82, the outputs of the ?rst comparator 57, the 
?rst NAND gate 61 and the second comparator 62 are at H, 
L and H levels, respectively, and the output of the second 
NAND gate 64 goes to a H level. The transistor 66 turns on, 
the coil 68 is energiZed to close the contact 56, and the DC 
motor 1 is supplied poWer to maintain its rotation. 

On the other hand, the speed detection circuit 59 com 
prises an inverter 72 connected to the junction betWeen the 
coil 54 and the ?rst brush 53, and a third NAND gate 73 
having inputs connected to outputs of the inverter 72 and the 
second NAND gate 64. The inverter 72 uses a Schmidt 
trigger type circuit that inverts negative components of the 
pulses Which are converted to a logic level. 

Also, the speed detection circuit 59 includes a time 
constant circuit 75 connected to an open collector or open 
drain output 76 of the third NAND gate 73. This time 
constant circuit 75 includes a capacitor 77 and a pull-up 
resistor 78 each connected betWeen the output 76 and the 
positive poWer line. The output 76 is connected to a buffer 
or operational ampli?er 79 having a gain of 1. 

Accordingly, When the relay contact 56 is closed to rotate 
the DC motor 1, sequential sets of positive and negative 
pulses are generated as the rotating commutators intermit 
tently contact the brushes. The sequential pulses indicating 
the rotation rate of the DC motor 1 are applied from the 
brush 53 to the third NAND gate 73 through a capacitor 71 
and the inverter 72. On the other hand, because the H level 
of the NAND gate 64 is applied to the third NAND gate 73, 
the capacitor 77 is rapidly charged per pulse application due 
to the rotation of the DC motor 1, and then discharged With 
a predetermined time constant in combination With the 
resistor 78. 
The voltage at the output 76 falls doWn to the saturated 

collector-emitter voltage or about 0.6 volt, and then traces a 
substantially saW-tooth Waveform With a parabolic curve, 
With the maximum voltage of the saW-tooth Waveform 
corresponding to the running speed of the vehicle. An output 
of the operational ampli?er 79 is connected to its inverting 
input, a noninverting input of the second comparator 62, and 
a cathode of a diode 81. The memory circuit 60 includes a 
divider circuit 82 connected to an anode of the diode 81 and 
a capacitor 83 connected betWeen the anode of the diode 81 
and the positive poWer line. 
The divider circuit 82 uses a high resistance potentiometer 

or variable resistor for dividing the poWer supply voltage. 
The anode of the diode 81 or analog memory voltage is 
connected to a noninverting input of the ?rst comparator 57 
and an inverting input of the second comparator 62. Capaci 
tor 83 is used as an analog memory element, e.g., a poly 
carbonate ?lm capacitor having a large capacity With less 
self-charging performance. The divider ratio is predeter 
mined so that the output of the second comparator 62 goes 
to an H level upon stopping or parking of the bicycle. 

FIG. 14 shoWs a cross-sectional vieW of a gradient sWitch 
28 mounted on the electric poWered bicycles of FIGS. 3 and 
6. The gradient sWitch 28 comprises a mercury sWitch 
including an insulated tube or glass pipe 94. The glass pipe 
94 is sealed With one end having tWo conductors or stems 92 
and 93 and another end. The pipe 94 is curved to provide a 
mercury reservoir 91 for mercury 95. Therefore, the mercury 
sWitch 28 is adjustably mounted on the frame 21 of FIGS. 
3 and 6 on, for example, a one degree angular scale so that 
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the mercury 95 is positioned in the mercury reservoir 91 
When the bicycle is running on a ?at or ascent road, and the 
mercury 95 is moved to the conductor side When the bicycle 
is running on, for example, a 5 degree downhill road. 
A gravity sWitch may be used instead of the mercury 

sWitch. FIG. 15 shoWs a cross-sectional vieW of the gravity 
sWitch mounted on the electric poWered bicycles of FIGS. 3 
and 6. The gravity sWitch comprises a plastic housing 96, 
and a thin conductive plate spring or plastic plate spring 97 
?xed to the housing 96 at an upper point adjacent to one end 
thereof. AWeight 98 is ?xed to the middle loWer portion of 
the plate spring 97 to sWing back and forth along the 
proceeding direction of the bicycle. Then, the loWer end of 
the plate spring is projected from the Weight to abut a contact 
99 ?xed to the housing 96 When the bicycle is running on, 
for example, a 5 degree doWnhill road. 
An operation in Which a control circuit for a DC motor is 

mounted on the electric poWered bicycle is described here 
inafter. First, When the driver pedals the pedal 24 to proceed 
to a predetermined running speed, the DC motor 1 is rotated 
to produce a corresponding induced voltage. If the value of 
the induced voltage subtracted from the poWer supply volt 
age is loWer than a reference voltage, the DC motor 1 is 
supplied poWer to act as an auxiliary poWer source for the 
bicycle. 
When the running speed of the bicycle increases, pulses 

from the ?rst brush 53 are increased and the capacitor 77 is 
recharged, but not enough to be discharged. Then, the 
maximum voltage of the output 76 corresponding to the 
running speed is loWered. This maximum voltage is memo 
riZed by the capacitor 83 through the buffer 59 and diode 81. 

Also, a charge stored in the capacitor 83 is gradually 
increased toWard the reference voltage set by the divider 
circuit 82; hoWever, the resistance of the divider circuit has 
a predetermined high value so that the increased charge is 
negligible. That is, a voltage subtracted by the voltage drop 
of the diode 81 from the maximum voltage corresponding to 
the current running speed of the motor is stored in the 
capacitor 83. 

Then, When the bicycle is accelerated on a ?at or ascent 
road, the maximum voltage is reduced to update the voltage 
of the capacitor 83 or memory. Even if the bicycle is running 
at the inertia or deaccelerated by the speed corresponding to 
the voltage drop of the diode 81, the output of the second 
comparator 62 maintains an L level and the DC motor 1 
continues to act as an auxiliary poWer source for the bicycle. 
When the bicycle is running doWnhill and a predeter 

mined gradient of the doWnhill is reached, for example, 5 
degrees, the gradient sWitch 28 turns on. Then, the transistor 
66 turns on to shut off the poWer supply to the DC motor 1. 
Therefore, the auxiliary poWer of the DC motor 1 does not 
provide any load if the driver brakes the bicycle. 
When the bicycle is deaccelerated more than the speed 

corresponding to the voltage drop of the diode 81, the output 
of the second comparator 62 goes high. When the output of 
the second comparator 62 goes to an H level, the output of 
the NAND gate 64 goes to an L level and returns to an H 
level after a predetermined period set by the delay circuit 63. 

The delay period of the delay circuit 63 is set by, for 
example, 1 megaohm and 1 microfarad. When the output of 
the second NAND gate 64 goes to an L level, the contact 56 
is opened and during the delay period, the ?rst comparator 
57 detects the generated induced voltage of the DC motor 1 
if the motor is rotating. 

The delay period is provided to monitor the running state 
of the deaccelerated bicycle. When the bicycle is running at 
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a certain speed, the rotation of the DC motor 1 continues, 
and the H level is applied to the ?rst NAN D gate 61 from the 
?rst comparator 57 to again turn on the relay contact 56. 
Then, the DC motor 1 is again supplied poWer. HoWever, 
When the running speed or rotation speed is reduced to near 
stoppage, the output of the ?rst comparator 57 goes to an L 
level and the poWer supply to the DC motor 1 is shut off. 

In the aforesaid embodiment, the capacitor and resistor of 
the delay circuit 63 is determined such that its time constant 
is longer than the response rate of the electromagnetic relay 
67 to accurately turn off the relay 67 even if the electro 
magnetic relay 67 has a sloWer response rate. After turning 
off the electromagnetic relay 67, the output of the delay 
circuit goes to an H level. Then, even if the rotational speed 
of the motor is reduced, the restraint detection can be 
accurately performed. The speed detection circuit 59 may be 
replaced With a rotary encoder connected to the shaft of the 
DC motor 1 and a Frequency to Voltage (FV) converter for 
converting pulse signal from the rotary encoder to a voltage. 
The gradient sWitch 28 may be activated on a 5 degree 
ascent road in combination With the replaced circuit in 
Which the sWitch is connected betWeen the base of the 
transistor 66 as shoWn in FIG. 13 and the Vcc poWer source 
line through a serial resistor (not shoWn). 
As described above, according to the DC motor control 

circuit of the present invention for an electric poWered 
bicycle, an analog voltage corresponding to the running 
speed of the bicycle on a ?at or an ascent road is updated 
upon accelerating. Upon deacceleration by more than a 
predetermined amount, poWer supplied to the DC motor is 
shut off to provide a detection WindoW for an induced 
voltage. When the bicycle is running on, for example, a 5 
degree doWnhill road, poWer supplied to the DC motor is 
shut off. The auxiliary poWer by the DC motor is obtained 
depending on the road conditions and the nature of the 
pedaling operation, Which conserves the electric energy 
supplied to the DC motor. Because an analog voltage 
corresponding to the running speed is stored in a capacitor, 
circuit con?gurations are simple, thereby providing 
enhanced circuit reliability. 

Also, there are many other advantages, e.g., reduction in 
fabrication cost by using a loW-cost electromagnetic relay. 
When the mercury sWitch is used as the gradient sWitch, age 
deterioration is not a problem in detecting With high ?delity 
an angle of the bicycle frame and to provide a highly-reliable 
control circuit. When the gravity sWitch is used as the 
gradient sWitch, enhanced directivity of the gradient sWitch 
provides an error free control circuit. 

The present invention can be applied to an electric poW 
ered bicycle having a changing gear ratio mechanism for a 
gear box that is used betWeen the rear Wheel and front 
sprocket through the chain. Then, a manual lever for chang 
ing the gear ratio through a Wire can be made synchronous 
With another variable resistor, digital encoder or sWitches 
instead of a gradient sensor. 

The foregoing disclosure and description of the invention 
are illustrative and explanatory thereof, and various changes 
in the siZe, shape, materials, components, circuit elements, 
Wiring connections and contacts, as Well as in the details of 
the illustrated circuitry and construction may be made 
Without departing from the spirit of the invention. 

I claim: 
1. An electric poWered bicycle comprising: 
front and rear Wheels rotatably supported by a frame of 

the bicycle; 
a chain for transferring a manual poWer to one of said 

Wheels via a pedal; 
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a DC motor for driving said rear Wheel to provide an 
auxiliary power source; 

a poWer supply capable of supplying voltage to said DC 
motor; 

gradient means for determining the angle of the bicycle 
relative to a horizontal plane mounted on said frame 
and activated When said frame is inclined relative to a 
horiZontal line; and 

a control circuit for controlling the voltage supplied to 
said DC motor from said poWer supply based on a 
signal from said gradient means, said control circuit 
comprising: 
a poWer transistor for controlling the voltage supplied 

to said DC motor; 
a detection transistor for detecting an induced voltage 

generated betWeen brushes of said DC motor upon 
the rotation of said bicycle to turn on said poWer 
transistor; and 

a pulse generator for periodically turning off said 
detection transistor, said gradient sensor being acti 
vated to turn off said detection transistor When the 
gradient of said frame exceeds a predetermined 
level. 

2. An electric poWered bicycle according to claim 1, in 
Which a sWitch for detecting a dip of said chain is provided 
on said frame, said control circuit being actuated by turning 
on said sWitch that detects the tension of said chain. 

3. An electric poWered bicycle according to claim 2, 
Wherein said gradient means for determining the angle of the 
bicycle includes a gradient sensor for producing an analog 
gradient signal corresponding to an ascent angle of a road on 
Which the bicycle is travelling and further comprising a 
PWM control circuit for controlling the voltage supplied to 
said motor from said poWer supply based on said analog 
signal from said gradient sensor. 

4. An electric powered bicycle, comprising: 
front and rear wheels rotatably supported by a frame of 

the bicycle; 
an electronic motorized tire drive mechanism for driving 

at least one of said wheels to provide a power source 

therefor; 
a power supply capable of supplying voltage to said 

electric motorized tire drive mechanism; 
gradient means mounted on said frame and activated 
when said frame is inclined relative to a horizontal 
line; and 

a control circuit for controlling the voltage supplied to 
said motor from said power supply based on a signal 
from said gradient means; said control circuit compris 
ing: 
a power transistor for controlling the voltage supplied 

to said motor; 
a detection transistor for detecting an induced voltage 

generated between brushes of said motor upon the 
rotation of said bicycle wheel to turn on said power 
transistor; and 

a pulse generator for periodically turning ojf said 
detection transistor; 

said gradient sensor being activated to turn ojf said detec 
tion transistor when the gradient of said frame exceeds a 
predetermined level. 

5. An electric powered bicycle according to claim 4; 
further comprising: 
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a pair of pedals for engaging a user’s feet; and 
a manual tire drive mechanism for transferring manual 
power from said pedals to at least one of said wheels. 

6. An electric powered bicycle according to claim 5; in 
which said manual tire drive means comprises a chain; 

and wherein said bicycle further comprises; attached to 
said frame; a switch for detecting a decrease in tension 
of said chain; 

wherein said control circuit is activated by said switch. 
7. An electric powered bicycle according to claim 5; 

wherein said manual tire drive means comprises a chain; 
and 

said bicycle further comprising; attached to said frame; a 
switch for detecting a decrease in tension of said chain; 
wherein said control circuit is activated by said switch. 

8. An electric powered bicycle according to claim 4; 
wherein said gradient means includes a gradient sensor 

for producing a gradient signal corresponding to an 
ascent angle of a road on which said bicycle is 
traveling; 

and further comprising a PWM control circuit for 
controlling; as a function of the gradient signal; the 
voltage being supplied to said motor from said power 
supply. 

9. An electric powered bicycle according to claim 4; 
wherein said gradient means includes a gradient sensor for 
producing a gradient signal corresponding to an ascent 
angle of a road on which said bicycle is traveling; and 

further comprising a PWM control circuit for controlling; 
as a function of the gradient signal; the voltage being 
supplied to said motor from said power supply. 

10. In a bicycle having a frame; front and rear wheels 
rotatably mounted on said frame; pedals; and a manual tire 
drive mechanism for transferring mechanical power from 
the pedals to at least one of said wheels; the improvement 
comprising: 

an electric motorized tire drive mechanism for driving 
said wheel driven by said manual tire drive mechanism 
to provide an auxiliary power source therefor; 

a power supply capable of supplying voltage to said 
electric motorized tire drive mechanism; 

gradient means for determining the angle of the bicycle 
mounted on said frame and activated when said frame 
is inclined relative to a horizontal line; and 

a control circuit for controlling the voltage supplied to 
said motorized drive mechanism from said power sup 
ply based on a signal from said gradient means; said 
control circuit comprising: 
a power transistor for controlling the voltage supplied 

to said motor; 
a detection transistor for detecting an induced voltage 

generated between brushes of said motor upon the 
rotation of said bicycle wheel to turn on said power 
transistor; and 

a pulse generator for periodically turning ojf said 
detection transistor; 

said gradient sensor being activated to turn ojf said detec 
tion transistor when the gradient of said frame exceeds a 
predetermined level. 


