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[57] ABSTRACT

A pedal-force chain-shifting apparatus senses a rider’s
peak force within each half revolution of a pedal set. A
shift-down pedal pressure is set to match a rider’s
weight, strength and stamina objectives. A displace-
ment mechanism compares the peak force with the
pressure setting, and uses a portion of chain energy to
actuate derailleur chain-shifting mechanisms to guide
chain onto larger rear wheel sprocket size. A digital
force-averaging mechanism measures a series of less
than full pressure cycles to sense a cycle in which a
portion of chain energy pulses the derailleur to shift-up
by guiding the chain onto a smaller sprocket. This appa-
ratus replaces need for a bicycle rider to anticipate and
select appropriate sprockets at front and rear derailleur
apparatus.

20 Claims, 6 Drawing Sheets
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Fig 1.

1. Select Pedal Force
1A Set Max. Force Pointer
1B Reverse-pulse to Large Sprocket

=

2. Pedal pressure greater than top setting

2A Tiit Plate rotates beyond "Push" block
2B Push-Fork puises cable

3. Pedal pressure less than target

3A Balls 1, 2 & 3 drop out of basket center
pass through channel into column.

d', 3B Balis of filled column rotates rocker arm

3C Arm's pull fork pulses cable

4. Pulser Drives Derailleur Cables

4A Push puise (2B) or Pull pulse (3C) ratchets
rear wheel derallleur cable

4B Overfiow pulses move Pedal-Sprocket
derallieur cable

5. Reverse-Pedal prior to Stop

-1 5A Chain reverse-guided to largest sprocket
5B Reverse clutch pulses derailleur to start position

Fig 2.
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1
CHAIN SHIFTER

BACKGROUND OF THE INVENTION

The rider-problem of a multi-sprocket bicycle is that
the rider needs to manage chain-shifting apparatus that
is not visible in the riding position. Safe and satisfactory
riding involves shifting a chain to an appropriate set of
sprockets in anticipation of speed change, terrain differ-
ences and future startup.

Derailleur mechanisms are mounted to guide chain
travel onto front and rear sprocket sets, as specified by
cable-command from non-standard hand-operated ap-
paratus. Misjudgment in guiding the chain onto appro-
priately-sized sprockets is initially irritating; and sus-
tained erroneous operation can induce knee injury.

Modern bicycles offer 7 to 21 chain-and-sprocket
ratios. When pedalling seems too stiff, or too soft, the
rider is expected to make sprocket-ratio adjustments.
Cable adjusting apparatus is mounted within rider’s
vision on handlebars or bicycle frame.

Prior art for an automatic bicycle transmission (U.S.
Pat. No. 4,598,920) sensed the angular velocity of the
rear bicycle wheel, and guided the chain onto a smaller
driven sprocket as angular velocity increased. This
velocity-sensing system is independent of rider’s varia-
tion in pedal-drive pressure.

SUMMARY OF THE INVENTION

A person-driven vehicle chain is drawn from a back
wheel sprocket to a pedal sprocket through a tension
measuring apparatus. The chain path is curved around a
movable idler sprocket attached to an adjustable biasing
member. Peak chain tension within each half-revolution
of a driven pedal reacts against the bias to provide cyc-
lic motion of the idler-wheel shaft position against its
desired level of bias. Chain-shifter apparatus convert
this force and motion into push pulses and pull pulses.

A pulse-to-distance converter apparatus accepts push
and pull pulses, and delivers a push or pull cumulative
length through a derailleur cable. The derailleur guides
a chain onto appropriate sprockets within a driving or
driven sprocket set.

When pedal forces displace an idler sprocket shaft
beyond a spring-set threshold, the apparatus con-
verts a portion of the displacement energy to
“push” the derailleur cable. When pedal forces
displace the shaft beyond a lower threshold and not
above the upper threshold consistently, the appara-
tus converts a portion of the displacement energy
to “pull” the derailleur cable.

A shift-down chain guide is mounted between the
wheel sprocket set and the chain shifter. This guide uses
reversed pedal travel to lift the chain onto a large rear
sprocket, and to pulse the converter and its derailleur
cable sufficiently to align the chain guide to a start up
location.

A pedal-force setting apparatus adjusts the biasing
thresholds to initiate shift-up or shift-down processes.
This feedback system eliminates or reduces a rider’s
need to define chain sprocket settings. Thumb-driven
buttons can temporarily override the automatic shift
processes.

This method for pre-setting pedal-force limits can
minimize a rider’s risk of physiological knee damage.
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DESCRIPTION OF DRAWINGS

FIG. 1. Method for chain-shifting

FIG. 2. Bike with auto-shifter on rear fork

FIG. 3. Shifter with chain route

FIG. 4. Base plate with pulsers, bearing, spring and
ball channels

FIG. 5. Tilt plate with chain idlers & force adjuster

FIG. 6. Ball core with column and holder

FIG. 7. Channels, with bearing location

FIG. 8. Tilt-sequence to actuate pulsers

FIG. 9. Pulse cable

FIG. 10. Pulse ball carrier

FIG. 11. Pulse converter

FIG. 12. Chain positioner

FIG. 13. Slitted column

FIG. 14. Thumb pulser

FIG. 15. Pulse generator w fluids

FIG. 16. Electro-mechanical pulse generator

FIG. 17. Resistive chain-tension sensor

FIG. 18. Chained-sprocket sensor

FIG. 19. Shifting Circuit

FIG. 20. Pedal sprocket sensor

DETAILED DESCRIPTION

An autoshifter method for chain-shifting (FIG. 1)
permits a rider to select a maximum pedal force (FIG.
1-1). When pedal is pressed at force greater than setting,
a pulse cable is pushed (FIG. 1-2B). When pedal pres-
sure is consistently less than proportionally lower force,
the pulse cable is pulled (FIG. 1-3C). Pulses are con-
verted (FIG. 1-4A) to derailleur cable travel, and resul-
tant chain-to-sprocket changes.

Reversing pedal travel (FIG. 1-5) guides chain to
desired starting sprockets without using hand-shifting
apparatus.

A vehicle chain-shifter (FIG. 2-41) is fitted between
the bottom rear fork (FIG. 2-19) and top rear fork (FIG.
2-35) on the chain side of a bicycle having rear wheel
derailleur (FIG. 2-27) and sprocket derailleur (FIG.
2-39).

(A derailleur is a mechanism on 2 bicycle for control-
ling its speed by shifting the sprocket chain from
one to another of a set of different-sized sprocket
wheels. Websters Dict.)

A tension setter (FIG. 2-43) adjusts the tension of a
spring (FIG. 4-6) located on the back side of a base plate
(FIG. 4). The spring is connected at its rotating end to
a shaft (FIG. 5-4) that passes through a bearing (FIGS.
4-10 & 7-1) into a tilt plate (FIG. 5-2).

A first sprocket wheel (FIGS. 3-3 & 5-3) on the tilt
plate (FIG. 5), in combination with a second sprocket
wheel (FIGS. 3-5 & 5-5) becomes a couple to coliect
energy from a tension-loaded chain (FIG. 3-9).

A push-fork (FIGS. 3-7 & 5-6) on the tilt plate pushes
a cable-block (FIG. 4-8 & 9-3) when the couple-force
exceeds the set spring force.

The baseplate holds a pulser (FIGS. 4-26 & 11), a
pulse cable (FIGS. 4-22 & 9), a bearing, a first static ball
channel (FIGS. 4-12, 7-2 & 8-4.3) and a second static
ball channel (FIGS. 4-20, 7-3 & 8-2.4).

Shafts from the couple (FIGS. 5-14 & 5-16) pass
through the tilt plate into a ball core (FIGS. 6-2 & 6-4),
and rotate the ball core through four tilt positions.
(FIGS. 6-10, 12, 14 & 16):

Position 1 at 6-10 is at the base of a ball column

(FIGS. 6-8 & 13-9) while the chain has no tension.
Balls (FIG. 8-1.7), temporarily stored in a first base
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plate channe] (FIG. 8-1.3) will flow into a core
basket (FIG. 8-1.2).

Position 2 at 6-16 is maximum rotational travel while
couple tension exceeds spring-set counter tension.
The ball core (FIG. 6) position is shared by shafts,
common with the tilt plate . At this rotated posi-
tion, the push fork has moved the cable block one
pulse-distance, and the angle of the ball column
will let a ball roll into the first channel.

Position 3, at 6-12, is the location of the ball column
where an exit from a core basket (FIG. 6-6) com-
municates with an entrance to a second channel. A
ball, temporarily in the core basket, may pass from
the basket, through the second channel, and into
the top side entrance (FIG. 13-11) of the ball col-
umn (FIG. 13-9).

Position 4 at 6-14 is an intersection of balls in a filled,
ball-column (FIGS. 8-4.1 & 13-12) whose bottom is
slitted (FIG. 13-10) to allow a cam (FIG. 4-14)
surface (FIG. 8-4.5) to contact balls within the
column. When the slitted column is filled with
balls, the pull cam is rotated downward to execute
a “pull pulse” through a pulse-cable (FIGS. 8-4.6 &
9-7).

The pulse cable (FIG. 9-2 & 7) is moved forward and
backward through guides (FIG. 9-5) in response to
pulse movements on push-block (FIG. 9-3) and on pull
block (FIG. 9-8 & 4-16). A pulse converter (FIG. 11)
oscillates a ball and carrier (FIG. 10) within a ratchet
piece (FIG. 11-5) through distances equal to a push
pulse plus a pull pulse.

Push pulses use a side-cam (FIG. 10-1) of the carrier
to press a ball (FIG. 10-3) into forward driving
ratchet cavities (FIG. 11-13). Repeated pulses
move the ratchet and its ratchet arm (FIG. 11-15)
in relation to a sliding case arm (FIG. 11-16), and in
combination move a derailleur cable (FIG. 11-17)
for rear wheel through its full travel.

Similarly, pull pulses drive ball (FIGS. 10-3 & 11-4)
into a rearward-driving ratchet cavity (FIG. 11-14)
to move the cable in an opposite travel.

A sequence of pulses that exceeds cable travel of a
first derailleur will close a second sliding case arm
(FIG. 11-12) toward an outer case arm (FIG. 11-10) to
drive a second derailleur cable (FIG. 11-11) for shifting
the front derailleur apparatus.

A forward-riding chain-idler wheel (FIGS. 3-13 &
5-8) on a lever arm, (FIGS. 3-11 & 5-10) exerts spring
(FI1G. 5-12) pressure against the chain, biasing the arm
with the tiit plate. This spring bias compensates shifting
pressure from smaller sprockets (FIG. 2-23) of the pedal
driven set).

Prior to an intentional stop, a rider may “shift down™
chain (FIG. 3-19) onto larger wheel sprocket (FIG.
2-33) by reversing rotation of pedal (FIG. 2-21).

Chain travel (reversed) toward the rear sprocket
engages a pawl (FIG. 12-4) from a chain positioner
sprocket to extend into and rotate a pulser crank
(FIGS. 12-8 & 12-26). Its spring-biased resistance
(FIG. 12-11) member extends into, and rotates a
large-sprocket chain guide (FIG. 12-28) until an
arm of the chain gnide meets a stop (FIG. 12-18).

I claim:

1. A chain shifter comprising:

A. a pedal-driven vehicle with frame, wheels, pedals,
chain and sprockets, and

B. a chain-tension measuring means, attached to the
frame, and
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C. a push-pulse means, driven by peak chain-tension
force to deliver a pulse in a first direction, and

D. a pull-pulse means, driven by lower chain-tension
force and to deliver a pulse in a second direction,
and

E. a pulse converter means, driven by pulses in a first
and second direction, and delivering linear move-
ment of two directions into a derailleur cable, and

F. a first derailleur apparatus, and

G. a set of multiple, parallel, common-center sprock-
ets;

wherein the chain-tension measuring means transmits a
push-pulse in a first direction when peak chain-force
exceeds a set measure; and,

wherein the chain-tension measuring means transmits a
pull-pulse in a second direction when chain-force is
greater than a minimum force, and is less than the set
measure; and

wherein pulses move a derailleur input cable inwardly
(or outwardly) to bridge sprockets on the set serviced
by the first derailleur apparatus, and

wherein a pulse is a (1) force, sufficient to actuate shifter
and derailleur mechanisms, over a (2) distance to shift a
derailleur guided chain between two adjacent sprock-
ets. : .

2. A chain shifter of claim 1 wherein structures and

mechanisms are of mechanical means.

3. A chain shifter of claim 2, further comprising:

A. a person-driven chain drive, of Pedals, a sprocket,
driven by pedals; a chain, driven by the pedal-
sprocket; a first-sprocket set, driven by the chain; a
derailleur apparatus, aligning the chain; and ad-
justed by movement of a cable; a rear wheel, driven
by the first sprocket set and mounted in the vehicle
frame; and,

B. a chain tension measuring means, further com-
prised of a mechanical adjustment means, connect-
ing the frame to a force-biasing means, connected
to a chain-tension sensing means; and

C. a push-pulse means, further comprising:

1. a tilting arm means, with extension to

2. a push fork, rotatably connected to

3. a push block, held in rotational contact by

4. a pulse-cable means; with the push block ori-

ented to a first direction; and

D. a pull pulse means, further comprising;

1. a cam-pusher means further comprising: roller
elements, in roller-element cycling means,
driven by variation in angular motion from chain
tension, and a roller column means, interfacing
with

. a pull cam means, further comprising; a rotatable
cam and surface, extending outwardly into a
cable-pull fork, rotatably connected to a pull
block, held in rotational contact position by the
pulse-cable means, with the pull block oriented
to a second direction; and

E. a pulse converter means, driven by pulses in a first
and second direction, and delivering linear move-
ment of two directions into a derailleur cable;

wherein the chain-tension driven tilting arm reacts

against the spring to rotate the push fork of the tilt plate
and to push a cable-block one pulse-distance in a first
direction; and

wherein roller elements cycle within apparatus paths

that are opened in response to chain tension that is less
than peak, and greater than a minimum, and on accumu-
lating multiple rollers in a slitted column to press rota-



means comprises:

distance in a second direction.
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tionally against the cam whose cable-pull fork depresses
and pulls the cable-block one pulse-distance in a second

direction; and

wherein pulses of the cable-blocks move a pulse cable
that drives the pulse converter to move a derailleur 5
input cable to shift the chain across a set of rear wheel
sprockets.

4. A chain shifter of claim 3, wherein a tilting arm

means COMIpIises:

a spring biasing medium, adjustably connected to a 10
base plate; and coiled around a shaft, passing
through a bearing in the base plate, and affixed to a
tilt plate, on which are mounted a fork, and a first
idle sprocket, and a second idle sprocket, con-
nected to a frame;

wherein the chain passes from a rear sprocket, around

the first idle sprocket and oppositely around the second

15

idle sprocket;

wherein a distance between the first idle sprocket’s shaft
and the tilt plate’s shaft becomes a couple to induce a
torque proportional to chain-tension, that rotates the tilt
plate against tension of the spring;

wherein force on one pedal is transferred as tension on
the chain, and proportionally represented as torque on
the couple in a magnitude to overcome the spring’s
resistance, and to rotate the fork one pulse distance.

5. A chain shifter of claim 3, wherein a pulse cable

20
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means Comprises:

a cable, cable guide(s), a push block, connected to the
cable; a pull block, connected to the cable; and an
end block, connected to cable;

wherein the cable guides are mounted on the base plate

(FIG. 4-22) to locate the push block in a path of the

tilting couple fork and to locate the pull block in a path

of the rocker-cam fork), and

wherein rotational movement of the fork beyond the set

spring tension will move the cable one pulse distance in

30
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a first direction.

6. A chain shifter of claim 3, wherein a cam-pusher

means further comprises:

1. a ball core, rotationally attached to the tilting arm
means, and embodying a ball-holding slitted col-
umn, and a ball basket, and

2. a base plate, with bearing for the ball core, and
holding a first ball-channel, of fixed location, and a
second ball-channel; and

3. balls; and

wherein each ball journeys from a tilted top exit of the

ball column into a first channel, is captured by a rotating

basket and held until the ball core rotation position

40
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opens to a second channel, and thence into the slitted
column to be aligned with other balls and to act as a
cam driver.

7. A chain shifter of claim 3, wherein a pull cam

55

a rocker cam, rotationally attached at a first end to
the base plate, and

a pull-fork, extended from the rocker cam to sur-
round one end of the pulse cable;

wherein, with the ball core rotating into position 8-4,

and with an accumulation of balls to fill the ball column,

continued rotation will guide cam surface into a slit at

60

the bottom of the ball cam, and the column of balls will

depress the pull cam to move a pull block one pulse

65
8. A pulse converter means comprising:

a. a ball,

b. a ball-carrier with cams,

c. a ratchet piece

d. a ratchet- arm

e. a derailleur cable

f. a pulse cable end

g. a first case and

h. a first case arm;
wherein push movements, communicated by a cable,
move the ball and carrier first cam to depress a center-
free ball into a forward-ratchet depression, and move
the ratchet forward one unit; and similarly, pull move-
ments move the a depress the center ball into a rear-
ratchet depression, and move the ratchet backward one
unit; and a primary derailleur cable is moved to distance
between the ratchet arm and the first case arm.

9. A pulse converter means of claim 8 wherein the
double ratchet piece and ratchet arm are replaced by a
wire, wound {o a parallel helix coil, and one end extends
outwardly to be named a ratchet arm,

10. A chain shifter of claim 1, further comprising

A. a second derailleur apparatus, including a derail-

leur cable,

B. a second (pedal-driven) sprocket set, and

C. a second portion of the pulse converter means;
wherein the second portion of the pulse converter de-
livers linear movement of a first and second direction
into a second derailleur cable when directional move-
ment capacity for the first cable has been consumed;
wherein the pulse converter means, driven by pulses in
a first and second direction, delivers linear movement of
two directions into a derailleur apparatus attached to a
wheel, and delivers linear movement of two directions
into a derailleur apparatus attached to a pedal-driven
sprocket.

11. A chain shifter of claim 10 wherein, the second
portion of a pulse converter means further comprises:
. an outer case
. a bias spring
. an outer case handle
. a ratchet case second handle

e. a pedal-driven sprocket set, and

f. a second derailleur with cable apparatus;
wherein pulse movement in one direction that exceed
travel of a rear derailleur apparatus are stopped by a
maximum travel limit at the primary cable; and further
pulse movement is transmitted to a second derailleur
apparatus to shift chain travel on a second (pedal
driven) sprocket set.

12. A pulse converter means of claim 8, further com-
prising a second portion of the pulse converter mean
comprising: :

a. an outer case

b. a bias spring

c. an outer case handle, and

d. a ratchet case second handle
wherein pulse movement in one direction that exceed
travel of a rear derailleur apparatus are stopped by a
maximum travel limit at the primary cable; and further
pulse movement is transmitted to a second derailleur
apparatus to shift chain travel on a second (pedal
driven) sprocket set;
wherein the pulse converter means, driven by pulses in
a first and second direction, delivers linear movement of
two directions into a derailleur apparatus attached to a
wheel, and delivers linear movement of two directions
into a derailleur apparatus attached to a pedal-driven
sprocket.

13. A chain shifter of claim 4, further comprising:

o0 o
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a chain-idler wheel, held by a forward lever arm,
rotatably connected to the tilt plate at common
shaft by an extended spring;

wherein the chain idler wheel rides the chain, and the
spring adds torque to the tilt rotation apparatus in re-
sponse to smaller and larger diameter sprockets over
which the pedal-driven chain travels.

14. A chain shifter of claim 1 wherein structures and
controlling mechanisms are a combination of mechani-
cal and fluid means,

15. A chain shifter of claim 14, wherein

A. the chain-tension measuring means further com-
prises:

a mechanical chain-displacement apparatus, biased
by an elastic medium, and driving an actuating
piston, against a working fluid, stored in a fluid
chamber, attached to the frame, and connected
by fluid passages, to actuating devices, and

B. the push pulse means is comprised of
a fluid push-pulse apparatus of a chamber, mounted

to move a pulse shaft in a first direction into a
pulse-converter means, and

a fluid-driven piston, and

an input valve, with variable pressure setting appa-
ratus, and

an output check valve, and

C. the pull pulse means is comprised of

a fluid pull-pulse apparatus of a chamber, mounted
to move a pulse shaft in a second direction into a
pulse-converter means, with volume to accept
more than 1 hydraulic pulses, and

a fluid driven piston, and

a gas bag, within the chamber, and

an input valve with apparatus to retain propor-
tional lower pressure setting, and

an output orifice with one-way valve;

wherein the chain is routed around a spring biased idler
sprocket, and is reformed toward straightness by chain-
tension forces, and

wherein the actuating piston transmits force to the
working fluid of the chamber to flow it into the fluid
push-pulse apparatus at a settable shift pressure, and will
transmit a mechanical pulse in a first direction before
returning the working fluid through a one-way orifice
at a lower system pressure; and

wherein the working fluid is driven into the fluid pulil-
pulse means at a'lower pressure, and accumulates vol-
ume to move the piston through multiple pulse strokes,
while a small return flow continues through an orifice
under the pressure of the gas bag, but with accumulated
fluid, a peak pulse overcomes the internal bias to drive
the piston in a second direction, and

wherein pulse actuators in a first and a second direction
will provide input to the pulse converter.

16. A chain shifter of claim 1 wherein structures and
controls are of mechanical and electro-mechanical
means.

17. A chain shifter of claim 16, further comprising:

A. a chain-tension sensing means, measured in peak
patterns of electric resistance, and

B. derailleur position sensors; and, measured in ohms,
and

C. a vehicle electric power supply, and

D. a pedal force limit-setting rheostat, and
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E. a shifting circuit, with output to
F. electric relays, and
G. wiring, for sensing and actuating circuits, and
H. pulse actuator for first direction, and
1. pulse actuator for second direction, and
J. a pulse converter means, driven by pulses in a first
and second direction, and delivering linear move-
ment of two directions into a derailleur cable;
wherein variation in chain tension is measured in terms
of electric resistance, and is electrically compared to
selected range of cyclic peak pedal pressure, and
wherein selected peak pedal pressure is moderated to
add or subtract the resistance from the sensed position
of pedal derailleur; and
wherein the sensing circuit actuates a push pulse with
each peak pedal pressure that exceeds the setting; and
wherein the sensing circuit actuates a pull pulse after
a settable number of resistance peak measures per
10 pedal revolutions, whose resistance profile crite-
ria is that their peak is less than the peak value set
for a push pulse, and greater than a minimum
threshold of peak pedal force, and :
wherein pulses actuators in a first and a second direc-
tion will provide input to the pulse converter.
18. A shift-down chain guide comprising:
A. an idle sprocket with
B. a one-way rotary pawl, extended into
C. a pulser crank, having in its first cup an internal
ratchet to receive motion, and between its cups, a
crankshaft, driving a pulser cable, and in its second
cup,
D. a friction arm, extended into
E. a chain posmoner wheel with a bent arm whose
upward travel is limited by
F. a stop post;
wherein reversed pedal motion engages the pawl to
rotate a pulser crank, which provides “push” pulses to
a common input to a pulse converter whose derailleur
cable movement directs the derailleur chain-guide into
an appropriate starting locations, and
wherein the friction arm into the chain positioner wheel
conveys torque to lift the chain with the chain posi-
tioner arm and reversely mount the chain on a larger
diameter sprocket of the rear wheel sprocket set.
19. A chain shifter of claim 10, further comprising
a push-pull exchange block, further comprising
an input-cable bar with cable-core connections,
and
input-cable guides with cable-guide connections;
wherein the exchange block is mounted with the cable
to couple a pulser cable core of a shift down chain guide
to a pulse converter means.
20. A chain shifter of claim 19, further comprising
a thumb pulser apparatus, located on a vehicle steer-
ing handle, and connected by cable to the input
cable bar;
wherein the orientation between the input cable bar and
its input cable guide at a first position will permit a
thumb pulse apparatus to perform a push impulse which
“shifts down” within a sprocket set; and
wherein the orientation between the input cable bar and
its input cable guide at a second position will permit a
thumb pulse apparatus to perform a pull impulse which

“shifts up” within a sprocket set.
* ¥ * %k %
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