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[57] ABSTRACT

A control for adjusting the trim of a motor boat having
a drive unit mounted on the boat for adjustment of the
thrust angle relative to the boat. A trim motor adjusts
the drive unit relative to the boat. A boat speed respon-
sive pick up and control provides an outpul signal indic-
ative of boat speed. A microprocessor controls the trim
motor and is connected to receive the speed st gnals.
The microprocessor reads boat speed at intervals and
compares the latest speed reading with the prior reading
to determine whether boat speed is increasing. The
microprocessor commands the trim motor to move the
drive unit in increments in one direction so long as each
adjustment results in increasing speed and then to move
the trim motor to adjust the drive unit in increments in
the opposite direction so long as the adjustment results
in increasing speed. The microprocessor hunts for opti-
mum adjustment by adjusting the drive unit in both
directions until boat speed has been maximized, or
nearly so, and then stops adjusting the drive anit. The
microprocessor delays hunting for maximum boat speed
until boat speed is constant following activation of the
control. There is a time delay following each adjust-
ment of the drive unit before present boat speed 1s deter-
mined for comparison with the prior speed reading.
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1
AUTOMATIC TRIM SYSTEM

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue. |

BACKGROUND OF THE INVENTION

This invention relates to trim control of the drive unit
on a boat. The basic approach is manual control of the
hydraulic motor which adjusts the hydraulic cylinders
which adjust the drive unit “in” or “out”. There have
been proposals for automatic adjustment of the trim
angle. These proposals are rather complex in that they
take many factors into consideration.

Attention is directed in the following U.S. Pat. Nos.:

3,314,391, 3,834,345, 3,894,250, 4,051,801 and 4,318,699.

SUMMARY OF THE INVENTION

The invention provides apparatus for trimming a
drive unit on a boat, which apparatus comprises means
for sensing an increase in boat speed, means for chang-
ing the trim of the drive unit, and control means con-
nected to the sensing means, and to the trim changing
means for changing the trim of the drive unit until the
sensing means senses the absence of boat speed increase.

The invention also provides a control for adjusting
the trim of a marine drive unit, which control comprises
a drive unit adapted to be adjustably mounted on the
boat for adjustment of the drive unit thrust angle rela-
tive to the boat, trim drive means for adjusting the drnive
unit relative to the boat, boat speed responsive means
providing an output signal indicative of boat speed,
control means operative to control the trim drive means
and connected to receive the output signal, which con-
trol means is operative to read boat speed and to com-
pare the latest speed reading with the prior reading to
determine whether boat speed is increasing, which con-
trol means is also operative to cause the trim drive
means to move the drive unit in one direction so long as
the adjustment results in increasing speed and to then
cause the trim drive means to adjust the drive unit in the
opposite direction so long as the adjustment results in
increasing speed, which control means is also operative
to hunt for optimum adjustment by adjusting the dnive
unit in both directions t0 maximize boat speed, and
which control means is also operative to stop adjusting
the drive unit when boat speed has been maximized.

The invention also provides a control for adjusting
the trim of a marine drive unit, which control comprises
a drive unit driven by an engine and adapted to be ad-
justably mounted on the boat for movement in and out
to adjust the thrust angle relative to the boat, trim drive
means for adjusting the drive unit relative to the boat to
adjust the trim of the boat, boat speed responsive means
providing output signals indicative of boat speed, and a
microprocessor connected to receive the signals and
operative to determine boat speed at intervals and to
control the trim drive means, which microprocessor 1s
programmed to hunt for optimum speed for the prevail-
ing throttle setting by controlling the drive means to
repeatedly move the drive unit in one direction in incre-
ments so long as each such movement results in a speed
increase and to then move the drive unit in the opposite
direction in increments so long as each such increment
results in a speed increase, which microprocessor termi-
nates operation of the drive means after hunting
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through a plurality of sequences of movement in one
direction and in the opposite direction.

This invention is not limited to the details of con-
struction and the arrangement of components set forth
in the following description or illustrated in the draw-
ings. The invention is capable of other embodiments
and of being practiced and carried out in various ways.
Also, it is to be understood that the phraseology and
terminology employed herein is for the purpose of de-
scription and should not be regarded as limiting.

DESCRIPTION OF THE DRAWINGS

FIG. 1is a schematic representation of a boat having
a drive unit, a trim motor and a pitot tube for speed
sending. |

FIG. 2 is a diagramatic layout of the control system.

FIG. 3 is a simplified logic flow chart showing an
algorithm which can be programmed into the micro-
Processor.

DETAILED DESCRIPTION OF THE
DRAWINGS

FIG. 1 shows a boat 10 provided with a stern drive
unit 12 which is designed to pivot about an axis 14 to
bring the drive unit inwardly or push it outwardly from
the boat to change the thrust angle of the propeller
force between an upwardly inclined angle and a down-
wardly inclined angle. Thus, when the drive unit is
moved out, the thrust angle becomes downwardly in-
clined and tends to lift the bow. All other things being
equal, that would tend to lift the bow and would offset
a lot of weight forward in the boat. On the other hand,
when the drive unit is moved inwardly, the thrust angle
is inclined upwardly and tends to put the bow down.
This invention concerns movement of the drive unit
between these two positions.

The boat is provided with a reversible hydraulic
motor 16, the output of which actuates the hydraulic
cylinder 18 to move the drive unit in or out. Speed of
the boat is sensed by a pitot tube 20 and the pressure
therefrom is transmitted to the pressure transducer 22
which puts out an analog signal to the analog-to-digital
converter 24. The digital output of the A/D converter
24 is input to the microprocessor 26.

As indicated above, this control is predicated on the
concept that the optimum trim angle will result in opti-
mum speed of the boat through the water. This ap-
proach would take into account the current throttle
setting simply by maximizing the speed for that throttle
setting. This is a substantial simplification over the art.

As indicated in FIG. 2, control means in the form of
a microprocessor 26, an integrated circuit chip, receives
a digital signal indicative of boat speed. The micro-
processor 26 outputs a control signal to the trim motor
control circuitry 28 which, in turn, commands the trim
motor 16 to move the drive unit 12 in or out.

As shown in FIG. 2, the system can be provided with
a manual override circuit 30 which would output a
signal to the microprocessor 26 to de-activate the mi-
croprocessor control system. This gives the operator an
opportunity to impose his wishes rather than accepting
the automatic control. The trim motor control circuit
then remains de-activated unit the circuit is activated by
the operator.

The system would normally be provided with a man-
ually operated switch on the dash or some remote loca-
tion. This switch (not shown) 1s actuated to input a
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signal at 31 to the process step 32 (in FIG. 3) which will

activate the present control and return the counter 34 to
zero. At this point, the logic proceeds to the decision
stage 36 where it is determined whether or not the boat
speed 1s constant. If it has not become constant in re- 5
sponse to the then prevailing throttle setting, the logic
exits the decision box at 38 and returns to the input of
the decision stage and 1s in an endless loop until the
speed stabilizes. When the speed has stabilized, the logic
proceeds from the decision stage 38 to processing box 10
40 where the trim motor 16 is actuated to move the
drive unit OUT for X seconds. Then the logic proceeds
to processing box 42 which is programmed to provide a
delay of Y seconds for the boat to respond to the change
in the trim angle of the dnve unit. After the delay of Y 15
seconds, the logic proceeds to decision box 44 which
determines whether the boat speed is greater than the
prior boat speed reading. If it is greater, the logic exits
at 46 to return to the input of processing box 40 and the
drive unit will be moved OUT again for X seconds, 20
followed by a delay of Y seconds, and then returned to
the decision box 44 where it is again determined
whether or not the speed has increased. If if has, it will
continue to go through the trim OQUT procedure until
finally at decision box 44 is determined that the speed 25
has not increased. Then the logic exits at 48 to go to the
process box 50 which increments the counter by one.
Now the counter has gone from a count of zero to a
count of one. The logic then exits to decision box 52
which determines whether or not the count has reached 30
four. If it has gone to four (in our present hypothetical
it obviously has not) the logic proceeds from the yes
exit to the process box 54 where the control system is
deactivated and the logic returns to process box 32
awaiting a reactivation signal input at 31. 35
Returning now to the analysis of the algorithm in
FIG. 3, if at the decision box 52 it 1s determined the
count is not four, then the logic exits to the processing
box 86 which commands the trim motor to move the
drive unit IN for X seconds. The logic then proceeds to 40
processing box 58 which imposes a delay of Y seconds
for the boat to respond to the change in trim angle.
Then the logic proceeds to decision box 60 where 1t is
determined whether the boat speed is greater. If it 1s, the
logic exits to return to decision box 36 to trim the unit 45
IN for X seconds again, then waits for Y seconds and
determines again if the speed has increased. If it has not
increased, the logic proceeds to processing box 62
which will increment the counter by one. Then at deci-
sion box 64 it is determined whether or not the count 50
has reached four. In our example to this point, we have
incremented the count from zero to one to two and,
therefore, the answer would be “no”. Therefore, the
logic would exit on the “no” branch and return to pro-
cess box 40 which now trims the unit QUT. 55
At this point it should be noted the control initially
trimmed the unit QUT, then IN, and is now again call-
ing for the trim to move the unit OQUT. Thus, the con-
trol is hunting. Now the control proceeds again through

the trimming OUT adjustment and finally increments 60

the counter by one again at 50 and proceeds to the
decision box 52 which determines whether or not the
count has reached four. The answer is “no” (it 1s at
three) and, therefore, the logic proceeds through the
drill of trimming the drive unit IN again secking after 65
each actuation of the drive unit to determine whether
the change in tnm resulted in an increase in boat speed.
Finally, the logic exits to the process box 62 where the

4

count is incremented by one and at decision box 64 1t 1s
determined that the count has now reached four. There-
fore the logic exits to processing box 84 where the con-
trol system is deactivated and the logic returns to the
start 32 to await a new ‘“‘activate” signal.

Other logic systems may be utilized with a control of
this type. The present arrangement shows a basic con-
cept involved where, after the operator has set the
throttle, the control gives time for the boat speed to
settle down and then proceeds through the drill of mov-
ing the drive unit out-then-in and out-then-in while
hunting for the optimum or near optimum condition,
and the shutting down. More or fewer passes through
the hunting logic could be provided by seeking a higher
or lower count Z instead of 4 as in the example. In some
instances, however, it may be satisfactory to simply
keep making the change in one direction until the incre-
mental change does not increase speed. If the failure to
increase speed is actually a decrease in speed the control
could go back to the prior setting of the trim angle.

In other embodiments, the installation could include a
trim-out switch and/or a trim-in switch, each separately
operable by an operator. The circuit would operate to
trim in, or to trim out, which ever switch was activated
by the operator, until maximum speed was achieved,
i.e., until no further increase in speed was sensed, and
would then deactivate until again manually energized
by an operator.

Various features of the invention are set forth in the
following claims.

We claim:

[1. Apparatus for trimming a drive unit on a boat,
said apparatus comprising means for sensing an increase
in boat speed, means for changing the trim of the drive
unit, and control means connected to said sensing means
and to said trim changing means for changing the trim
of the drive unit until said sensing means senses the
absence of boat speed increase.} |

[2. Apparatus according to claim 1 in which said
control means causes operation of said trim changing
means in increments in both directions while seeking
increased boat speed.]

3. Apparatus according to claim 1 in which said
control means delays operation of said trim changing
means after activation until boat speed has stabilized. ]

[4. Apparatus according to claim 1 in which said
control means causes operation of said trim changing
means in increments and delays determining the effect
of the change on boat speed for a period of time follow-
ing each such operation. }

5. A control for adjusting the trim of a marine drive
unit, said control comprising a drive unit adapted to be
adjustably mounted on a boat for adjustment of the
drive unit thrust angle relative to the boat, trim drive
mearns for adjusting said drive unit relative to the boat,
boat speed responsive means providing an output signal
indicative of boat speed, control means operative to
control said trim drive means and connected to receive
said output signal, said control means being operative to
read boat speed and to compare the latest speed reading
with the prior reading to determine whether boat speed
is increasing, said control means being operative to
cause said trim drive means to move said dnve unit in
one direction so long as the adjustment results in in-
creasing speed and to then cause said trim drive means
to adjust said drive unit in the opposite direction so long
as the adjustment results in increasing speed, said con-
trol means being operative to hunt for optimum adjust-
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ment by adjusting said drive unit in both directions to
maximize boat speed, said control means being opera-
tive to stop adjusting said drive unit when boat speed
has been maximized. .

6. A control according to claim 5 and further includ-
ing means to activate said control means, said control
means being operative to delay hunting for maximum
boat speed until boat speed is constant following activa-
tion of said control means.

7. A control according to claim 5 in which there is a
time delay following each adjustment of said drive unit
before present boat speed is determined for comparison
with the prior speed reading.

8. A control for adjusting the trim of a marine drive
unit, said control comprising a drive unit driven by an
engine and adapted to be adjustably mounted on the
boat for movement in and out to adjust the thrust angle
relative to the boat, trim drive means for adjusting said
drive unit relative to the boat to adjust the trim of the
boat, boat speed responsive means providing output
signals indicative of boat speed, a microprocessor con-
nected to receive said signals and operative to deter-
mine boat speed at intervals and to control said tnm
drive means, said microprocessor being programmed to
hunt for optimum speed for the prevailing throttle set-
ting by controlling said drive means to repeatedly move
said drive unit in one direction in increments so long as
each such movement results in a speed increase and to
then move said drive unit in the opposite direction in
increments so long as each such increment results in a
speed increase, said microprocessor terminating opera-
tion of said drive means after hunting through a plural-
ity of sequences of movement in one direction and in the
opposite direction.

9. Apparatus for trimming a drive unit on a boat, said
apparatus comprising means for sensing the speed of the
boat, means for changing the trim of the drive unit,
activating means, and control means operably con-
nected to said speed sensing means and operable in
response to activation by said activating means to cause
operation of said trim changing means to seek increased
boat speed by monitoring the effect on boat speed
caused by changes in the trim of the drive unit.

10. A control according to claim 5 wherein said control
means causes said trim drive means to adjust said drive
unit in said opposite direction even if boat speed rematns
constant after operation of said trim drive means 1o move
said drive unit in said one direction.

11. A control according to claim 5 wherein said control
means causes operation of said trim drive means to change
the trim for X seconds, stops operation of said trim drive
means, delays for Y seconds, and then determines whether
boat speed is greater than before operation of said trim
drive means.

12. A control according to claim 5 wherein said control
means changes the direction of operation of said trim drive

10

15

20

25

30

35

45

50

33

65

6

means Z times and then waits for operalor reactivation,
regardless of changes in boat speed, before again causing
operation of said trim drive means.

13. A control according to claim 5 wherein said control
means is operative, after actuation thereoj, to prevent oper-
ation of said trim drive means until boat speed is constant.

14. A control according to claim 8 wherein said micro-
processor causes operation of said trim drive means [0
change the trim in one direction until sensing the absence
of boat speed increase and then causes operation of said
trim drive means to change the trim in the opposite direc-
tion even if boat speed remains constant after operation of
said trim drive means to change the trim in said one direc-
tion.

15. A control according to claim 8 wherein said micro-
processor causes operation of said trim drive means 10
change the trim for X seconds, stops operation of said trim
drive means, delays for Y seconds, and then determines
whether boat speed is greater than before operation of said
trim drive means.

16. A control according to claim 8 wherein said micro-
processor causes operation of said trim drive means in one
direction, then changes the direction of operation of said
trim drive means Z times, and then waits for operator
reactivation, regardless of changes in boat speed, before
again causing operation of said trim drive means.

17 A control according to claim 8 wherein said micro-
processor is operative, after actuation thereof, to prevent
operation to said trim drive means until boat speed is con-
stant.

18. Apparatus according to claim 9 wherein said control
means causes operation of said trim changing means to
change the trim in one direction until said sensing means
senses the absence of boat speed increase and then causes
operation of said trim changing means to change the trim
in the opposite direction even if boat speed remains constant
after operation of said trim changing means to change the
trim in said one direction.

19. Apparatus according to claim 9 wherein said control
means causes operation of said trim changing means to
change the trim for X seconds, stops operation of said trim
changing means, delays for Y seconds, and then determines
whether boat speed is greater than before operation of said
trim changing means,

20. Apparatus according to claim 9 wherein said control
means causes operation of said trim changing means in one
direction, then changes the direction of operation of said
trim changing means Z times, and then waits for operator
reactivation, regardless of changes in boat speed, before
again causing operation of said trim changing means.

21. Apparatus according to claim 9 wherein said control
means is operative, after actuation thereof, to prevent oper-
ation of said trim changing means unti! boat speed is con-

stanl,
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