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(71) We, DEERE, & COMPANY, a
corporation organised and existing under the
laws of the State of Delaware, United States
of America, of Moline, Illinois 61265, United
States of America, do hereby declare the
invention, for which we pray that a patent
may be granted to us, and the method by
which it is to be performed, to be par-
ticularly described in and by the following
statement : —

The present invention relates to a trans-
mission system suitable for industrial vehicles.

In the past, industrial vehicles have been
provided with a transmission having a single
operating mode which is @ compromise be-
tween the transmission conditions required for
work situations when the vehicle is being used
as designed and for transport situations where
the vehicle is being driven from work site to
work site.

Generally, in industrial vehicles such as
scrapers, a large number of transmission gear
ratios at slow speeds are desirable for per-
forming the precision earth work with torque
converter operation available to smooth out
transmission shocks due to abrupt loading and
unloading of the engine. When the vehicle is
driven on the road for transport between work
sites, engine efficiency is lost by the energy-
wasting torque converter and by the existence
of the large number of gear ratios to go
through to reach road speeds.

The present invention provides a vehicle
transmission systemy including a torque con-
verter driven by an engine, a locking device
for locking up the torque converter to provide
direct drive therethrough, a change-speed
mechanical transmission driven by the torque
converter and shiftable among a plurality of
speed ratios to provide a variable-speed trans-
mission output, shifting means operatively
associated with the mechanical transmission
for selectvely shifting the transmission among
the plurality of speed ratios, a speed sensor
responsive to the speed of the transmission
output to provide a speed signal proportional
thereto, shift control means for selecting
desired transmission speed ratios and pro-

viding gear state signals representative thereof,
and an automatic control unit comprising a
mode selector operable to select between first
and second operating modes; and a logic
circuit operatively associated with the mode
selector, the shift control means, and the
speed sensor to automatically cause the shift-
ing means to shift the transmission with shifts
at a first set of predetermined speed signals
and to automatically inhibit the locking device
from locking up the torque converter in the
first mode, and to automatically cause the
shifting means to shift the transmission with
shifts at a second set of predetermined speed
signals and to automatically cause the locking
device to lock up the torque converter at a
third set of predetermined speed signals in the
second mode and in speed ratios correspond-
ing to the predetermined speed signals of the
third set.

Further, in the past, while either manual
or automatic transmissions have been available,
none has provided a hybrid system where
some of the transmission ratios are obtained
manually while others are obtained auto-
matically, and neither have the systems pro-
vided for full manual control as well as manual
holding of any automatically selected ratio.
All these features are provided in the em-
bodiment of the invention to be described
below.

The invention will be described in more
detail, by way of example, with reference to
the accompanying drawings, in which:

Fig. 1 is a diagrammatic view of a trans-
mission system embodying the present
invention;

Fig. 2 is a schematic block diagram of a
portion of the transmission system; and

Fig. 3 is a schematic electrical diagram of
one of the blocks of Fig. 2.

Referring now to Fig. 1, therein is shown
a vehicle drive system 10 which includes an
internal combustion engine 12 driving a trans-
mission system 11 which includes a clutch 16
for selectively connecting the engine 12 to
drive a conventional torque converter 18. The
torque converter 18 provides a drive input
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through a shaft 19 into a conventional power
shift mechanical transmission 20. The power
shift transmission 20 in the preferred em-
bodiment has a plurality of selectable gear
ratios to provide six forward and one reverse
speed output through a drive shaft 21 to a
conventional gear-type differential 22 which
drives a vehicle wheel axle 24.

The torque converter 18 and transmission
20 are controlled by an automatic electronic
control (ie. control unit) 26 which provides
control signals to lockup solenoid valve cir-
cuitry 28 on the torque converter 18 and to
conventional hydraulics solenoid valve cir-
cuitries numbered consecutively 30 to 34 for
selectively supplying pressurized fluid for
activating various brakes and clutches in the
transmission 20 to change the gear ratio
therein. The automatic electronic control 26
further provides a control signal to a starter
circuit and motor 35 to allow start-up of the
engine 12.

The electronic control 26 is provided with
inputs from a shift control 36, a mode control
38, a hold shift control 40, a manual/auto-
matic operation control 41, and a conventional
transmission outspeed sensor 42 which is
operatively associated with the drive shaft 21.

Referring now to Fig. 2, therein is shown
the automatic electronic control 26 with the
control inputs shown on the left and the con-
trolled outputs shown on the right. The ex-
pressions “right” and “left” are used strictly
for reference and it will be realized that such
expressions are used solely for purposes of
convenience and not by way of limitation.
Simiilarly, the power source is not shown since
connections thereto would be obvious to those
skilled in the art.

The shift controls 36 are connected by
seven leads to shift control logic circuitry 43
and these leads, which are the reverse and
first to sixth gear leads, are numbered con-
secutively from 45 to 51. The shift controls
36 are connected by third, fourth, and fifth
gear indicating leads 53, 54, and 55 to the
first inputs of over-speed comparators 56, 57
and 58, respectively, the outputs of which are
connected to the shift control logic circuitry
43 by over-speed leads 59, 60, and 61, res-
pectively. The second inputs of the over-speed
comparators 56—358 are commonly connected
to a speed signal line 62.

The speed signal line 62 is the output line
of a conventional frequency to voltage con-
verter 63 which receives an AC signal from
the speed sensor 42 and converts the speed
proportional AC frequency signal to a DC
speed signal proportional to transmission out-
put speed for the speed signal line 62.

The speed signal line 62 is further com-
monly connected to the first inputs of a series
of speed comparators numbered consecutively
from 64 to 71. The speed comparators 64
to 71 each have a predetermined input to their

second inputs in accordance with the desired
speed switching points as would be evident
to those skilled in the art. The outputs of the
speed comparators 64 to 71 are connected
to work/transport logic circuitry 72.

The speed signal line 62 is further com-
monly connected to the first inputs of a séries
of speed comparators numbered consecutively
from 73 to 76. The speed comparators 73 to
76 have second dnputs providing the signals
at which the speed comparators are to switch
at the various desired speeds as would be
obvious to those skilled in the art. The out-
puts of the comparators 73 to 76 are con-
nected to torque converter lockup logic
circuitry 78.

The torque converter lockup logic circuitry
78 is conmected by a lockup lead 80 to the
shift logic control 43, by a mode lead 82 to
the mode control 38, and by a logic lead 84
to the work/transport logic circuitry 72.

The work/transport logic ocircuitry 72 is
further connected by first and second leads
86 and 88 to the second and third gear signal
leads 47 and 48. The work/transport logic
circuitry 72 is further commected by second
to sixth gear shift command leads numbered
consecutively from 90 to 94 to the shift con-
trol logic circuitry 43. Disposed in the second
to fifth gear shift command signal leads 90 to
93 are conventional shift delay ocircuitries
generally designated by 96.

The shift control logic circuitry 43 ds pro-
vided with inputs from the mode control 38
through a mode lead 96, the manual/ auto-
matic control 41 through a manual/automatic
lead 98, the hold control 40 through a hold
lead 100, and the speed sensor 42 through
a loss of speed detection. circuitry 102 and a
loss lead 104. A further feedback signal is
received through a feedback line 106 from
decoder circuitry 108 as will later be
explained.

The outputs of the shift control logic cir-
cuitry 43 are through a lockup signal lead 110
and through first to sixth gear state signal
leads numbered consecutively 111 to 116
which are all connected to the decoder cir-
cuitry 108. Interposed in the gear state signal
leads 111 to 116 are terminals consecutively
designated by T1 to T6 to which a number
of other connections are made as hereinafter
described.

To provide an indication of the gear state
signals, first to sixth indicator circuitries
numbered consecutively from 117 to 122 are
connected to the terminals T1 to T6, res-
pectively. To provide gear state information to
the torque converter lockup logic circuitry
78, the terminals T3 to T6 are connected by
consecutively numbered leads 125 to 128 to
the torque converter lockup logic circuitry 78.
The same signals from the terminals T3
through T6 are supplied through leads
numbered consecutively 131 to 134 to lockup
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delay circuitry 136. The lockup delway cir- OU'tqu of the NOR gate 171 is connected to
cuitry 136 is connected by a lead 138 to the the sixth gear state lead 116. The output
torque converter lockup solenoid valve of the NOR gate 171 is also connected by a
circuitry 28. lead 176 to a second input of the NOR gate

5 The ‘decoder circuitry 108 is connected by ~ 172. A third input of the NOR gate 172 is
a lead 140 to the smarter circuit and motor connected to the output of an AND gate 178
35. The decoder circuitry 108 provides the which is supplied with inputs from the fifth
proper combination of solenoid signals to gear lead 50 and the over-speed lead 61. The
provide the desired gear states through sole- output of the NOR gate 172 is connected to

10  noid leads numbered consecutively 141 to 145  the fifth gear state lead 115. A second input 75
to the solenoid valve circuits numbered 30 to of the NOR gate 173 is connected to the
34, respectively. A reverse signal lead 146 feedback line 106 and a third input is con-
provides a signal to a Teverse warning indicator nected to the output of an AND gate 180
147, which may be a horn, when the proper ~which has inputs from fourth gear lead 49
15 solenoid valves for reverse operation are and the over-speed lead 60. The output of 80
activated. the NOR gate 173 is connected to the fourth
While the shift controls 36, work/transport ~ gear state lead 114 and to a first input of con-
logic circuitry 72, lockup logic circuitry 78, ventional OR gate 182. A second input of the
loss of speed detection circuit 102, the decoder OR gate 182 is conmected by a lead 184 to
20 circuitry 108, and the lockup delay circuitry the feedback lead 106 and the output of the 85
136 contain conventional logic components OR gate 182 is conmected to a first input
and wiring as would be obvious to those hav- of an OR gate 186 and to a second input of
ing ordinary skill in the art from a description the NOR gate 174 by a lead 188. A third
of their operation, this is not the case with input of the NOR gate 174 is connected to
25 regard to the shift control logic circuitry 43. the output of an AND gate 190 which is pro- 90
Referring now to Fig. 3, a commercially wided with inputs from the third gear lead
available universal bus register 150, a-com- 48 and the over-speed lead 59. The output
mercially available flip-flop 152, a conven- of the NOR gate 174 is connected to the
tional oscillator circuit 154, and various logic  third gear state lead 113. A second input of
30 components, hereinafter to be described, are the OR gate 186 is connected to the third gear 95
shown which make up the shift control logic  state lead 113 and the output of the OR gate
circuitry 433. 186 is conmected to a first input of a NOR
The universal bus register 150 has con- gate 192 and by a lead 194 to a second input
secutive inputs Al to A6 to which shift com- of the NOR gate 175. A third input of the
35 mand leads 94 to 90, in inverse order, and NOR gate 175 is connected to the second 100
lockup command lead 80 are connected. At gear lead 47. The output of the NOR gate
the top of the universal bus register 150 are 175 fs connected to the second gear state lead
an asynchronous/synchronous input designated 112 and by a lead 196 to a second input of
by A/S to which the hold lead 100 is con- the NOR gate 192. A third input of the
40 nected, a parallel/series input designated by NOR gate 192 is connected to the first gear 105
P/S which is connected by a P/S lead 156 lead 46 and the output of the NOR gate 192
to the Q' output of the flip-flop 152, and a s connected to the first gear state lead 111.
clock input designated by C connected by a Referring now to the flip-flop 152, it may.
lead 158 to the oscillator circuit 154. The be seen that the loss lead 104 is connected to
45 right hand side of the universal bus register the clock input thereof. The data input is 110
150 has outputs Bl to B6 to which leads connected to the output of a NOR gate 200
160 to 164, consecutively, and the lockup  which has a first input connected to the output
signal lead 110 are connected, respectively. of a NOR gate 202. ‘A first input of the NOR
The serial input designated by SI, the A/B  gate 202 is connected to the mode lead 96,
50 finput, and the enable input designated by EN a second input is connected to the fourth 115
at the bottom of the universal bus register 150 gear state lead 114, and the third input is
are connected to a voltage source as would connected to the feedback lead 106. The leads
be obvious to those skilled in the art. 114 and 106 are further connected to the
The leads 160 to 164 are respectively con-  first and second inputs, respectively, of a NOR
55 mected to first inputs of conventional AND  gate 204 and the third input of the NOR 120
gates 165 through 169. The second inputs of gate 204 is connected to the third gear state
the AND gates 165 through 169 are all lead 113. The output of the NOR gate 204 is
commonly connected 1> the manual/auto- connected through a lead 206 to the second
matic lead 98 and the outputs are connected  input of the NOR gate 200, through a capa-
60 respectively to the first inputs of conventional  citor 208 to ground 210, and through an in- 125
NOR gates 171 to 175. verter 212 to a first input of a NAND gate
A second input to the NOR gate 171 is  214. The second input of the NAND gate 214
connected to the sixth gear lead 51 which is connected to the manual/automatic lead
is shown as entering the shift logic control 98 and the output of the NAND gate 214 is
65 circuit 43 at the upper left hand corner. The  connected to the reset input designated by R 130
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of the flip-flop 152. As previously mentioned,
the Q' output is connected to the P/S lead
156. The Q output is connected by a lead 216
to the input of the oscillator circuit 154 and
the set input designated by S of the flip-flop
152 is connected to the ground 210.

Description of Operation

An overview of the automatic electronic
transmission system operation may be had
by reference to Fig. 1. The vehicle operator
provides inputs at the shift control 36, the
mode control 38, and the manual /automatic
control 41 for the automatic electronic control
26. An operator manual override is also
available at the hold shift control 40 and a
power shift transmission output speed input
is provided by the speed sensor 42. The out-
put of the automatic electronic control 26
consists of selected voltage inputs to the
stanter circuit and motor 35, the lockup
solenoid valve circuitry 28, and the solenoid
valves circuitries 30—34.

When the operator selects manual trans-
mssion control at the manual/automatic con-
trol 41 and “work” mode at the mode control
38, the shift logic circuitry 43 is supplied with
a digital logic, low voltage (henceforth “lo™)
through lead 98 and the torque comverter
lockup logic circuitry 78, the work/transport
logic circuitry 72, and the shift control logic
circuitry 43 are supplied with digital logic,
high voltages (henceforth “hi’s”) through
leads 82, 84, and 96, respectvely. As seen
in Fig. 3, the “lo” on the lead 98 from the
manual /automatic control 48 s inputted to the
AND gates 165—169 which disables inputs
from the universal bus register 150 and which
provide “lo’s” to the NOR gates 171—175.
In a neutral gear shift position, the shift
controls 42 provide “hi’s” to the reverse and
first to sixth gear leads 45—51 and likewise,
since the speed sensor 42 will indicate zero
speed, the over-speed comparators 56—58 will
provide “hi’s” ‘into the shift control logic
circuitry 43.

In the shift control logic circuitry 43, as
art,
a first gear ratio signal or a “hi” at the first
lead 46 into the NOR gate 192 causes a “lo”
at the terminal T1, a high at the second gear
lead 47 into the NOR gate 175 causes a low
at the terminal T2, “hi’s” at both the third
gear lead 48 and the over-speed lead 59 into
the AND gate 190 cause a “hi” into the NOR
gate 174 and thus a “lo” at the terminal T3,
“hi’s” at both the fourth gear lead 49 and
the over-speed lead 60 into the AND gate
180 cause a “hi” into the NOR gate 173 and
thus a “lo” at the terminal T4, “hi’s” at both
the fifth gear lead 50 and the over-speed lead
61 into the AND gate 178 cause a “hi” into
the NOR gate 172 and thus a “lo” at the
terminal TS, and a “hi” at the sixth gear

lead 51 into the NOR gate 171 causes a “lo”
at the terminal T6.

To assure that only one of the terminals
T1 to T6 may be “hi” at any one time, a
“hi” at the terminal T6 is fed back through
the lead 176 to cause the NOR gate 172 and
the terminal TS to go “lo”. The “hi” at
terminal T6 is further fed back as a “hi” to
the inputs of the OR gate 182 and the AND
gate 173 which causes the terminal T4 to go
“lo”. The “hi” input into the OR gate 182
causes a “hi” input into the OR gate 186
and into the NOR gate 174 so as to cause the
terminal T3 to go “lo”. The “hi” input into
the OR gate 186 causes it to go “hi” to pro-
vide “hi” inputs into the NOR gate 175 to
cause to terminal T2 to go “lo” and into
the NOR gate 192 to cause the terminal T1
130 go “1!0”.

A “hi” at the terminal TS5 is fed back
through the feedback lead 106 to cause “lo’s”
at terminals T1 to T4 as previously described
for when a “hi” appears on feedback lead
106. Since a “hi” on terminal T5 will auto-
matically cause “lo’s” at terminals T1 to T4,
and since a “hi” at terminal T6 will cause a
“lo” at TS5, it will be apparent that only one
of the terminals may be “hi” at a time.

A “hi” at the terminal T4 will cause a
“hi” to be inputted into the OR gate 182 so
as to cause a “hi” therefrom which will cause
“lo’s” at terminals T1 through T3. Similarly,
a “hi” at the terminal T3 will cause a “hi”
into the OR gate 186 to cause “lo’s” at termin-
als T1 and T2, and a “hi” at the terminal T2
will cause a “hi” to be inputted to the NOR
gate 192 to cause a “lo” at the terminal T1.

The “lo’s” at the terminals T1—T6 and
on the reverse lead 45, occurring in neutral,
are processed by the decoder circuitry 108
which then provides a “hi” only to the starter
lead 140 to allow the starter circuit and motor
35 to operate to crank the engine 12 for start-
ing once power is applied to the system.

When the operator shifts to reverse gear
a “hi” is imposed on the reverse lead 45
which is decoded by the decoder circuitry
108 to cause the starter fead 140 to go “lo”
and the solenocid leads 141, 142, and 143 to
‘go “hi” so as to cause the transmission to
go into reverse, and to provide a “hi” on lead
146 to cause a reverse warning from the
reverse warning circuitry 147.

When the operator shifts into first gear,
the shift controls 36 impose a “lo” on the
first gear lead 46 as well as “lo’s” on the over-
speed leads 53—55. The “lo” on the first
gear lead 46 causes the NOR gate 192 to
provide a “hi” at the terminal T1. The “hi”
at ‘the terminal T1 causes the decoder cir~
cuitry 108 to provide “hi’s” through the
solenoid leads 142, 143, and 144 to activate
the second, third, and fourth solenoid valve
circuitries 31—-33 respectively. With the ter-
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minal T1 “hi”, an indication is also provided
by the first gear indicator 117.

When the operator shifts into second gear,
the shift controls 36 impose an additional “lo”

on the second gear lead 47 in addition to those -

“Jo’s” mentioned for the first gear. The “lo”
on the second gear lead causes the output
of the NOR gate 175 to go “hi” and provide
a “hi” at the terminal T2 while causing the
NOR gate 192 to go “lo”. The decoder cir-
cuitry 108 causes the solenoid leads 142 and
143 to go “hi” to activate the second and
third solenoid valve circuitries 331 and 32 so
as to cause the transmission to shift from first
to second gear. The “hi” on the terminal T2
further causes an indication at the second gear
indicator 118.

When the operator shifts into third gear,
the shift controls 42 impose a “lo” on the
third gear lead 48 in addition to the pre-
viously mentioned “lo’s” due to the first and
second gears. The “lo” on the third gear lead
48 will cause the AND gate 190 to go “lo”.
The output of the overspeed comparator 56
will be “hi” as long as the transmission output
speed is under a first predetermined over-
speed value. A “lo” output from the AND
gate 190 combined with “lo” inputs on the
other two inputs causes the NOR gate 174 to
go “hi” and impose a “hi” on the terminal
T3. The high at the terminal T3 causes an
indication from the third gear indicator 119.
The “hi” at the terminal T3 causes the de-
coder circuitry 108 to provide “hi’s” to the
third and fourth solenoid valve circuitries 32

* and 33 to cause the transmission to shift from

second to third gear.

When the operator shifts into fourth gear,
the shift controls 36 impose a “lo” on the
fourth gear lead 49 in addition to the “lo’s”
due to the first through third gears. The “lo”
on lead 49 will cause a “10” out of the AND
gate 180 as long as there is a “lo” from the
overspeed comparator 57. The overspeed com-
parator 57 will remain “hi” as long as the
transmission output speed is below a second
predetermined overspeed value. The “lo”
out of the AND gate 180 causes a “hi” out
of the NAND gate 173 which provides a “hi”
at terminal T4. This causes an indication from
the fourth gear indicator 120 and the decoder
circuitry 108 to provide “hi’s” to the third
solenoid valve circuitry 32 to shift the trans-
mission into the fourth gear ratio.

When the operator shifts into fifth gear,

‘the shift controls 36 impose a “lo” on the

fifth gear lead 50 which will cause the AND
gate 178 to provide a “lo” output. The over-
speed comparator 58 will provide a “hi” as
long as the transmission output speed is below
a third predetermined overspeed value. The
“Jo” from the AND gate 178 causes the output
of the NAND gate 172 to go “hi” and pro-
vide a “hi” at the terminal T5. The decoder
circuitry 108 processes the “hi” at terminal

TS to provide a feedback signal along the
lead 106 to disable the lower gear states and
provide “lo’s at terminals T1—T4. A “hi”
at the terminal TS causes an indication from
the fifth gear indicator 121 and causes the
decoder circuitry 108 to provide “hi’s” to
second to fifth solenoid valve circuitries 30—
34 to cause the transmission to shift into
fifth gear.

When the operator shifts into sixth gear, the
shift controls 36 will impose a “lo” on the
sixth gear lead 51 in addition to the “lo’s”
imposed for the first to fifth gears. The “lo”
on the sixth gear lead 51 will cause the NOR
gate 171 to provide a “hi” to cause the ter-
minal T6 to go “hi”. The “hi” at the ter-
minal T6 will cause ‘an indication at the sixth
gear indicator 122 as well as provide “hi’s”
to the third through fifth solenoid valve cir-
cuitries 32—34 to cause the transmission . to
shift into the sixth gear.

During the previously described shifting, the
mode control 38 in the work mode provides
a “hi” to the torque converter lockup logic
circuitry 78 which imposes a “lo” on the lock-
up lead 80. The “lo” on the lockup lead 80
enters the A6 input of the universal bus
register 150 and exits through output B6 to
lead 110 which imposes a “lo” on the lockup
delay circuitry 136, the output of which is
held to “lo” so as to prevent activation of
tZ‘he torque converter lockup solenoid circuitry

8.

As the operator downshifts in manual from
sixth to neutral, the operation will be exactly
the reverse from that described above. It
should be noted in addition, that if the trans-
mission output speed is greater than the first,
second, or third predetermined overspeed
values during the third, fourth, or fifth gear
operations, respectively, the transmission will
not downshift. This feature provides damage
protection for the transmission by preventing
downshifting, even with manual shifting, at
excessive speeds and further allows the
operator to brake the vehicle with the trans-
mission except when a downshift will over-
speed the engine.

When the operator selects automatic trans-
mission control at the manual/automatic
control 41 while keeping the mode control
38 on the “work” mode, the shift control logic
43 is provided with a “hi” on the lead 98
which provides “hi’s” to the inputs of the
AND gates 165—169, and to the NAND
gate 214. The “hi” from the mode control
38 carried by the lead 96 causes the output
of the NOR gate 202 to go “lo” and the
output of the NOR gate 200 to also go “lo”
since the other input thereto is a “hi” from the
NOR gate 204 which has all “lo” inputs. The
“lo” input from the NOR gate 200 to the
data input of the flip-flop 152 results in a
low from the Q' output into the parallel/
serial input of the universal bus register 150.
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This results in any signal to the Al to A6
inputs to be outputted from the Bl to B6
outputs, respectively. As evident, the “hi”
from the mode switch 38 into the lockup logic
converter 78 is outputted as a “lo” through
lockup lead 80 to the shift control logic cir-
cuitry 43 where it is inputted into the A6
input and outputted as a “lo” out of the B6
output and then processed by the lockup delay
circuitry 136 where it inhibits any “hi” signals
from being sent to the torque converter lockup
solenoid circuitry 28.

When the operator shifts between reverse,
neutral, and first gear in the work mode, the
automatic electronic control 26 functions in the
same manner as under manual control. While
the mode control 38 in the work mode acting
through the torque converter lockup logic
circuitry 78 on the work/transport logic cir-
cuitry 72 enables the speed comparators
64—66, 68 and 70 to operate, they will have
no effect in the aforementioned three gear
positions.

When the operator shifts into second gear
with the transmission output above 2 first pre-
determined upshift speed, the speed com-
parator 64 will provide a “hi” to the work/
transport logic circuitry 72 which will be pro-
cessed with the “lo” on the first lead 86 to
provide a “lo” to the shift delay circuitry 96.
In the shift delay circuitry 96, the intro-
duction of the “lo” to the shift control logic
circuitry 43 will be delayed a predetermined
amount of time to prevent hunting during the
automatic shifting from first to second gear.
The “lo” on the second gear shift lead 90
s inputted to the A5 input of the universal
bus register 150 and outputted to the AND
gate 110 from the output BS. When the “lo”
is inputted into the AND gate 110, a “lo”
will be outputted to the NOR gate 175 which
provides a “hi” to the terminal T2 to cause
the transmission to be shifted into second
gear.
If the transmission output speed drops
below a first predetermined downshift speed,
the speed comparator 64 will provide a “lo”
to the work/transport logic circuitry 72 which
in conjunction with the shift control logic
circuitry 43 will cause the terminal T2 to go
“lo” and the terminal T1 to go “hi” to auto-
matically downshift from second to first gear.
The difference between the upshift and down-
shift predetermined speeds is due to a speed
comparator hysteresis which serves to prevent
hunting during automatic gear shifts.

When the operator shifts into third gear with
the transmission output above a second pre-
determined upshift speed, the speed com-
parator 65 will provide a “hi” to the work/
transport logic circuitry 72 which will be
processed with the “lo” on the second lead
88 to provide a “lo” which will be delayed
by the shift delay circuitry 96 and then pro-
cessed by the shift control logic 43 to provide

a “hi” at the terminal T3. Operation of the
logic in the shift control logic circuitry 43 is
similar to that for second gear. If the speed

drops below a second predetermined down-

shift speed, the speed comparator 65 will
provide a “lo” which in a manner similar to
that described for the automatic downshift
for second gear will be processed to provide
a “lo” at terminal T3 and a “hi” at terminal
T2 to automatically downshift from third to
second gear.

When the operator shifts into fourth gear
with the transmission output above a third
predetermined upshift speed, the speed com-
parator 66 will provide a “hi” to the work/
transport logic circuitry 72 which will pro-
vide a “lo” for delay by the shift delay
circuitry 96 and processing by the shift logic
control ciruitry 43 to provide a “hi” at the
terminal T4 and cause an upshift at the trans-
'mission from third to fourth gear. If the trans-
mission speed drops a third predetermined
downshift speed, the speed comparator 66
will provide a “lo” which will cause the ter-
minal T4 to go “lo” and T3 to go “hi” to
cause a downshift from fourth to third gear.

When the operator shifts into fifth gear with

the transmission output speed above a fourth
predetermined upshift speed, the speed com-
parator 68 will provide a “hi” to the work/
transport logic circuitry 72 which will provide
a “lo” to be delayed by the shift delay cir-
cuitry 96 and processed by the shift control
logic circuitry 43 to provide a “hi” at the
terminal T5 and cause a shift from fourth to
fifth gears. If the transmission output speed
drops below a fourth predetermined down-
shift speed, the speed comparator 68 will pro-
vide a “lo” to the work/transport logic cir-
cuitry 72 which will cause a “lo” at the
terminal TS and a “hi” at the terminal T4
to automatically downshift from fifth gear to
fourth gear.

When the operator shifts into sixth gear with
the transmission output speed above a fifth
predetermined upshift speed, the speed com-
parator 70 will provide a “hi” to the work/
transport logic circuitry 72 which will provide
a “lo” to be delayed by the shift delay cir-
cuitry 96 and processed by the shift control
logic circuitry 43 to provide a “hi” at the
terminal T6. If the transmission output speed
drops below a fifth predetermined downshift
speed, the speed comparator 70 will provide
a “lo” to the work/transport logic circuitry
72 which provides a “hi” to be delayed by
the shift delay circuitry 96 and processed by
the shift control logic circuitry 43 to cause the
terminal T6 to go “lo” and the terminal T35
to go “hi” to automatically downshift from
sixth to fifth gear.

As evident from the previous description,
the shift controls 36 will sequentially turn the
“hi’s’ on leads 47—51 to “lo’s” as the desired
gear is shifted from second to sixth gear and

70

75

80

85

95

100

105

110

115

120

125

130



1,580,710

10

15

20

25

30

35

40

45

50

55

60

the transmission output speed will control the
transmission gear state between the second
gear and the highest selected gear ratio.

For a second mode of transmission operation
the operator selects the “transport” mode of
operation. The transport mode signal, which is
a “lo”, is processed by the torque converter
lockup logic circuitry 78 and the work/
transport control logic 72 to enable the speed
comparators 67, 69, and 71 and to disenable
the speed comparators 64—65, 68, and 70.

When the operator shifts between reverse,
neutral, first, second, and third gears, in the
transport mode, the automatic electronic con-
trol 26 functions in the same manner as under
manual control. As the transmission output
speed exceeds a first predetermined lockup
speed, the lockup speed comparator 73 pro-
vides a “hi” which, in conjunction with the
“hi*” at the terminal T3 inputted to the lockup
logic circuitry 78, will cause a “hi” to be
inputted to the shift control logic circuitry 43
and outputted therefrom to the lockup delay
circuitry 136. The lockup delay circuitry 136
will process the “hi” at the terminal T3 and
the “hi” from the shift control logic circuitry
43 on lead 110 to delay the signal and then
provide a lockup signal as a “hi” to activate
the lockup solenoid valve circuitry 28 and pro-
vide a direct drive through the torque con-
verter 18 in third gear.

When the operator shifts into fourth gear
with the transmission output speed above a
sixth predetermined upshift speed which is
between the fourth and fifth predetermined
upshift speeds, the speed comparator 67 will
provide a “hi” which will cause the work/
transport control logic circuitry 72 to provide
a “lo” to the shift delay circuitry 96. After
a delay in the shift delay circuitry 96, the “lo”
will be processed by the shift control logic
circuitry 43 to provide a “hi” at the terminal
T3 and shift the transmission from third to
fourth gear. In the preferred embodiment, the
fourth gear torque converter drive is elimin-
ated. This is accomplished by selecting the
transmission output speed for torque converter
lockup at a second predetermined lockup speed
which is less than with sixth predetermined
upshift speed. The lockup speed comparator

"74 then provides a “hi”, which in conjunction

with the “hi” at the terminal T4 is inputted
to the lockup logic circuitry 78 to cause a
“hi” to be inputted to the shift control logic
circuitry 43 and outputted therefrom to the
lockup delay circuitry 136 and thence to the
lockup solenoid valve circuitry 28 to lockup
the torque converter 1& and provide direct
drive through the entire fourth gear speed
range.

When the operator shifts into fifth gear in
the transport mode, the automatic electronic
control 26 shifts in the same manner as in
the work mode except that the speed com-

parator 69 governs the shifting speeds. As
the transmission output speed exceeds a third
predetermined lockup speed, the lockup speed
comparator 75 provides a “hi” which, in
conjunction with the “hi” at the terminal T5
inputted to the torque converter lockup logic
circuitry 78, will cause a “hi” to be inputted
to the shift logic control circuitry 43 and
outputted therefrom to the lockup delay cir-
cuitry 136. The lockup delay circuitry 136
will process the “hi” at the terminal TS5 and
the “hi” from the shift control logic circuitry
43 to delay and then provide a lockup signal
as a “hi” to activate the lockup solenoid valve
circuitry 28 to lockup the torque converter 18
and provide direct drive in fifth gear.

When the operator shifts into sixth gear,
the automatic electronic control 26 shifts in
the same manner as in the work mode except
that the speed comparator 71 governs the
shifting speeds. As the transmission output
speed exceeds a fourth predetermined lockup
speed, the lockup speed comparator 76 pro-
vides a “hi” which in conjunction with the
“hi” at the terminal T6 inputted to the lock-
up circuitry 78, will cause a “hi” to be in-
putted to the shift control logic circuitry 43
and outputted therefrom to the lockup delay
circuitry 136. The lockup delay circuitry 136
will delay the “hi” at the terminal T6 and
the “hi” from the shift control logic circuitry
43 to delay and then provide a lockup signal
as a “hi” to activate the lockup solenoid valve
circuitry 28 to lockup the torque converter 18
and provide direct drive in sixth gear.

From the above, it is evident that in the
preferred embodiment the transmission 14 in
transport mode will provide, sequentially, a
third torque converter drive, a third direct
drive, a fourth direct drive, a fifth torque con-
verter drive, a fifth direct drive, a sixth torque
converter drive, and a sixth direct drive. As
obvious from the description above, the shift
control 36 establishes the maximum gear the
transmission 14 can be in and the automatic
electronic control 26 automatically shifts up
to and down from the gear on the basis of
transmission output speed. A further input
into the automatic electronic control 26 is
through the hold control 40 which during
normal operation provides a “hi” to the A/S
input of the universal bus register 150. When
the operator selects “hold”, a “lo” input is
provided into the A/S input to lock the B1—
B6 outputs and maintain the previously in-
putted transmission state during automatic
operation and thus inhibit any shift associated
with a change in speed.

Since the automatic control of the trans-
mission 14 is dependent upon the speed signal
from the speed sensor 42, the loss of speed
signal detection circuitry 102 is provided to
downshift the transmission one gear at a time
with a predetermined time delay between the
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shifts to protect against high speeds and tor-
ques caused by multiple high speed gear
downshifts.

As long as the speed signal is present, a
“lo” will be inputted by the lead 104 into the
clock input of the flip-flop 152. With the
transmission 14 in fourth, fifth, or sixth gear,
the “hi’s” on the feedback lead 106 and the
terminal T4 will cause “lo’s” from the NOR
gates 202 and 204. The “lo’s” into the NOR
gate 200 cause a “hi” into the D input of
the flip-flop 152. The “lo” into the inverter
212 causes a “hi” which is combined with
the automatic operation “hi” on the manual/
automatic lead 98 in the NAND gate 214 to
provide a “lo” to the R input of the flip-flop
152. As a result of the “lo” C input and “hi”
data input, the Q output will be “lo” so as
to disenable operation of the oscillator circuit
154 and the Q’ output will be “hi” so as
to cause “parallel” operation of the universal
bus register 150.

If the speed signal fails, a “hi” will be in-
putted by the lead 104 into the C input of the
flip-flop 152. With the D input “hi” Q output
will go “hi” to enable the oscillator circuit
154 to provide “hi” pulses to the C input of
the universal bus register 150 at predetermined
intervals, approximately three seconds in the
preferred embodiment, and the Q’ output will
go “lo” to cause the universal bus register
150 to go into “serial” operation. With each
“hi” C input, the universal bus register 150
will sequentially switch the “lo’” at Bl to
B4 to “hi’s” so as to downshift the transmission
14 from sixth to third gear. In the transport
mode, with a downshift out of fourth gear,
the “lo” on the lead 96 will cause the D input
of the flip-flop 152 to go low and reverse the
Q and Q’ outputs so as to disenable the oscil-

lator circuit 154 and place the universal bus

register 150 back in parallel operation with
the transmission 14 in third gear. In the
work mode, with a downshift out of third
gear, the “lo” on the terminal T3 will cause
the D input of the flip-flop 152 to go low and

- reverse the Q and Q' outputs to place the

universal bus register 150 back in operation
with the transmission 14 in second gear. With
the universal bus register 150 back in parallel
operation, the speed comparator 64 will cause
a further downshift into first gear due to the
loss of the speed signal. With either transport
or work mode, when the terminal T3 goes
low, the flip-flop 152 will be reset. Thus,
once this sequence of downshifts is initiated,
it will continue until the third gear is reached
in the transport mode or the first gear is
reached in work mode even if the speed
signal reappears. When the transmission 14
reaches the lowest automatic downshift gear,
it is again permitted to shift up as the speed
input dictates.

WHAT WE CLAIM IS:— .

1. A vehicle transmission system including
a torque converter driven by an engine, a
locking device for locking up the torque con-
verter to provide direct drive therethrough,
a change-speed mechanical transmission driven
by the torque converter and shiftable among
a plurality of speed ratios to provide a variable-
speed transmission output, shifting means
operatively associated with the mechanical
transmission for selectively shifting the trans-
mission among the plurality of speed ratios, a
speed sensor responsive to the speed of the
transmission output to provide a speed signal
proportional thereto, shift control means for
selecting desired transmission speed ratios and
providing gear state signals representative
thereof, and an automatic control unit com-
prising a mode selector operable to select
between first and second operating modes;
and a logic circuit operatively associated with
the mode selector, the shift control means,
and the speed sensor to automatically cause
the shifting means to shift the transmission
with shifts at a first set of predetermined speed
signals and to automatically inhibit the lock-
ing device from locking up the torque con-
verter in the first mode, and to automatically
cause the shifting means to shift the transmis-
sion with shifts at a second set of predeter-
mined speed signals and to automatically cause
the locking device to lock up the torque con-
verter at a third set of predetermined speed
signals in the second mode and in speed ratios
corresponding to the predetermined speed
signals of the third set.

2. A system as claimed in claim 1, wherein
the logic means includes delay means for pro-
viding a predetermined time delay between
the shifting means shift of the transmission
from one speed ratio to another and further
delay means for providing a predetermined
time delay for locking up the torque con-
verter by the locking device at the third set
of predetermined speed signals and at every
shifting means shift of the transmission from
one speed ratio to another.

3. A system as claimed in claim 1 or 2,
wherein the logic circuit includes detection
means to automatically cause the shifting means
to shift the transmission to a first predeter-
mined speed ratio in the first mode when
the speed signal terminates and to a second
predetermined speed in the second mode when
the speed signal terminates.

4. A system as claimed in claim 1, 2 or 3,
wherein the logic means includes hold means
operable for preventing changes in the speed
signal from automatically causing the shifting
means from shifting the transmission from one
speed ratio to another.

5. A system as claimed in any of claims
1 to 4, wherein the logic means includes
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manual control means operable to cause the
shifting means to shift the transmission from
one speed ratio to another only in response to
gear ratio signals provided by the manual
control means.

6. A system as claimed in claim 5, com-
prising a manual/automatic selector providing
selectively a manual mode in which the gear
state signals are provided directly from the
gear ratio signals, and an automatic mode
in which the transmission is automatically
shifted up and down within that part of the
first or second range of speed ratios up to
that corresponding to the currently selected
gear ratio signal.

7. A system as claimed in any of claims
1 to 6, wherein the logic circuit is arranged
to automatically cause, within the first range
of gear ratios, the shifting means to upshift
and downshift the transmission at first and
second subsets of the first set of predetermined
speed signals, respectively, in the first mode,
and to automatically cause, within the second
range of gear ratios, the shifting means to up-
shift and downshift the transmission at third

and fourth subsets of the second set of pre-
determined speed signals, respectively, and to
automatically cause the locking device to lock
up the torque converter at a fifth and sixth
subset of the third set of predetermined speed
signals with upshift and downshift, respec-
tively, of the shift control means in the second
mode.

8. A system as claimed in claim 7, wherein
the logic circuit includes downshift control
means to prevent the shifting means from
downshifting the transmission from a set of
selected gear ratios when the speed signals
are above a further set of predetermined speed
signals for the set of selected gear ratios.

9. A vehidle transmission system substan-
tially as hereinbefore described with reference
to and as illustrated in the accompanying
drawings.

REDDIE & GROSE,
Agents for the Applicants,
16, Theobalds Road,
London, WC1X 8PL.

" Printed for Her Majesty’s Stationery Office by the Courier Press, Leamington Spa, 1980.
Published by the Patent Office, 25 Southampton Buildings, London, WC2A 1AY, from
which copies may be obtained.
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