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o

This invention relates to electrical control
means for change gpeed gearing of the kind com-
prising electrical circuits controlled by contact
members or switches and means controlled or
actuated by s9id cireuits for automatically effect-
ing the engagement of either a higher or a 1ower
gear in accordance with the closing or opening
of one or other of said circuits. The invention
may be applied with particular advanta.ge to ar-
rangements of the above kind including ellec-
trical contact members movabie relatively in two
directions, moverent in one direction being in
accordance with the speed of a part of the rans-
mission and movement

another dgirec-
tion being in accordance with the fuel sup-
ply or throttle opening of an internal comipus-
tion prime mover, as described for example in
British patent specification No. 457,288, The
invention may be applied to gearing provided
with any convenient means Ior effecting the;
changes in gear ratio, such for example as ﬁgi.a
actuated devices controlied by electro-magneui-
caily operated valves, and such devices may be
employed to actuate the brakes of epicyclic gears
afiording the required ratios, although th_e in-
vention is not restricted to the use of suech ac-
tuating means. N

It is an object of the invention to provide con-
trol means of the above kind which can in ad-
dition be manually controlled by selecting and
engaging any desired gear irrespective of the
particular gear engaged.

A further object of the invention is to enable
control means of the above kind having auto-
matic control in accordance with speed and fuel
supply or throttle opening conditions of a prime
mover to be manually instead of automatically
controlled when reguired so that a desired gear
ratio can be maintained irrespective of the afore-
said conditions, and to provide convenient and
easily operable means for achieving this result.
A further object is to provide alternative manual
and automatic control means which may be ex-
changed with safeby at any time while the trans-~
mission is in motion without risk of over~speec’f-
ing the prime mover, such as might occur if
on changing from manual to aubomatic con-
trol an inappropriate change to lower gear were
produced. A further object is to provide an ml—
proved construetion of manually operable switch
for the above purvoses. A further object is to
provide an improved construction of governcr
actuated electrical contact members.

The invention consists in electrical control
means for change speed gearing comprising elec-
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trical circuits controlled by contact members or
switches, means controlled or actuated by said
circuits for automaticaliy efiecting the engage-
ment of either a higher or a lower gear in ac-
cordance with the closing or opening of one or
other of said circuits, and manuaily operable
selection switch means icr interrupting said cir-
¢uits and for selectively closing other circuits in-
cluding elecirical means for controlling engage-
ment of different gear ratios, the arrangement
being such that gear changing is effected either
by the first said circuits or by the second said
circuits according to the position of the selec-
vigin switch means.

The invention also consists in electrical con-
trol means for change speed gearing compris-
ing electrical contact members movable rela-
tively in two directions, movement in one direc-
tion being in accordance with the speed of a
prime mover or transmission part and move-
ment in another direction being in accordance
with the fuel supply or throttie opening of the
prime mover, electrical circuits controlied by
said contact members, means controlled by said
circuits for automaticaliy selecting and engag-
ing difierent gear ratios in accerdance with speed
and fuel supply or throtile opening conditions,
and manually operable selection swiitch means
for interrupting said circuits and for selectively
closing other circuits including electrical means
for controlling engagement of the different gear
ratios, the arrangement being such that gear
changing is either automatic or manually con-
trollakle according to the position of said selec-
tion switch means.

The invention also comprises an arrangement
according to either of the two preceding para-
graphs in which the first mentioned contact
raembers or switches control the circuits of re-
lays for eflecting operation of & seiection switch,
through ratchet or other means in one or other
direction to close ecircuits for actuating different
gear ratio engagement means, said relays be-
ing provided with time delay means, for ex-
ample a shunt connected condenser or an addi-
tional short-~circuited winding or induction sleeve
50 that they cannot operate successively within
g predetermined period. The engagement of
the selected gears is effected through the me-
dium of eleciro-magnetic devices which are pref-
erably energised by relays, thereby reducing the
current to be carried by the contacts of the
selection switch. These relays are also prefer-
ably provided with time delay means.

According to a further feature of the inven-
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tion, the manually operable selection switeh is
provided with a contact or contacts arranged to
be automatically engaged each time the switch is
operated to change the gear ratio, such engage-
ment causing the closing of a circuit associated
with the automatic selection switch to ensure the
positioning of the latter in an intermediate gear
position and thereby obviate inappropriate gear
changes.

A current economising resistance may be in-
cluded in the circuits of the gear engaging con-
trol devices, and means may be associated with
the automatic and manual control circuits for
short-circuiting said resistance at each gear
changing operation. Thus in a preferred arrange-
ment, means is provided for locking the operat-
ing handle of the manually operable selection
switch in the selected positions, and the motion
required to unlock the handle causes contact
means to become operative and to effect the clos-
ing of g circuit or circuits when the handle is
moved to another position and thereby short-cir-
cuit the resistance. ]

In the accompanying drawings,

Pigure 1 is a diagram showing the connections
of an electrical control means for change speed
gearing arranged in accordance with the inven-
tion;

Figure 2 is a sectional elevation, with certain
details omitted, of the brake actuating and con-
trol mechanism for an epicyclic gear box for use
in conjunction with control means according to
the invention;

Figure 3 is g sectional elevation of a manual se-
lection switch constructed and arranged in ac-
cordance with-the invention;

Figure 4 is an end elevation of the selection
switch as viewed in the direction of the arrow A
in Figure 3;

Figure 5 is a sectional elevation, taken on the
line 5—5 of Figure 6, of a governor and throttle
control mechanism constructed and arranged in
accordance with the invention;

Figure 6 is a cross section of the mechanism
of Figure 5;

Figure 7 is a section taken on the line 7—7 of
Figure 6;

Figure 8 is g diagram showing the connections
of a modified form of electrical control means.

In carrying the invention into effect accord-
ing to one convenient mode, the connections for
a control arrangement intended to be applied to
an epicyclic gear box affording four forward gear
ratios and reverse is shown in Figure 1. A gov-
ernor actuated electrical contact arrangement is
provided comprising a movable contact member |
connected to a speed governor and displaceable
in relation to a pair of shaped contact surfaces 2
and 3 which are themselves movable in g differ-
ent direction in accordance with the fuel supply
and throttle opening as described in British pat-
ent specification No. 457,269. The contact sur-
face 2 is connected to the coil 4§ of a change-up
relay having a movable armature 5 controiling
contacts 6§ and 7. The contact surface 3§ is con-
nected to the coil 8 of a change-down relay hav-
ing movable armatures 9 and 18. The armature
8 controls contacts £l and 2 and the armature
18 controls back contacts i3 and (4. The con-
tacts 6 and T of the change-up relay control the
cireuit of an electromagnet |5 having an arma-
ture 18 for actuating a ratchet pawl {7 loaded by
a spring 8. The contacts 11 and {2 of the
change-down relay control the circuit of an elec-
tromagnet {9 having an armature 20 for actuat-
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4
ing a ratchet pawl 21 loaded by a spring 22. The
ratchet pawls {71 and 2f are arranged so that
when operated they engage a ratchet wheel 23
to which is connected the contact arm of an auto-
matic selection switch. This arm is not shown
in Figure 1, but it carries four contact strips 24,
25, 26 and 27. Operation of the ratchets causes
step by step displacement of the ratchet wheel 23
in one or other direction according to which
ratchet is operated. The movable contact mem-
ber [ of the speed governor is connected through
a resistance 28 and pairs of contacts 29 and 30,
which are broken when the ratchets are operat-
ing, to one of a pair of contacts on a manual se-
lection switch to be described hereinafter, which
contacts are bridged when the said switch is in
position for automatic operation, and the second
of said contacts is connected to the positive side
of the electrical supply which may conveniently
comprise a battery. Thus the aforesaid relays
can be energised through the governor actuated
contacts | and 2 or | and 3 only when the manual
selection switch occupies an appropriate position.,

The relay coil 4 is connected to a series of
contacts 3f on the automatic selection switch
which can be connected by the switch strip 24
to contacts 32 which are connected to the nega-
tive side of the supply battery 33. Similarly
the relay coil § is connected to a series of con-
tacts 34 which can also be connected by the switch
contact strip 24 to the negative side of the supply.
The switch arm has four positions corresponding
to first, second, third and fourth speeds, the re-
verse being obtained by manual control only. In
Figure 1 the lowest radial line of ‘contacts oc-
cupied by the switch contact strips 24, 25, 26 and
27 corresponds to first speed, the line of con-
tacts above it to second speed, the line above
that to third speed and the upper line to fourth
speed. It will be seen that the series of contacts
3f, 82 and 34 are so arranged that in each end
or limit position of the switch arm the circuit of
cne of the relay coils 4 or 8 is interrupted. The
arrangement is such that if the automatic selec-
tion switch is in a position corresponding to sec-
ond speed for example, and the engine speed
rises to a predetermined value, the governor
actuated contact member | will move to close the
circuit of the change-up relay 4 which causes
actuation of the magnet 15 and ratchet 17 to
move the automatic selection switch arm to the
next position corresponding to third speed. If,
however, the switch arm ‘is ‘already in fourth
speed position, there is no contact of the series
31 connected to the relay coil 4 and hence the
relay cannot be energised. The same consider-
ations apply when changing down, since the low-
est contact of the series 34 has no connection
with the relay coil 8. The relay coils 4 and ‘8
are shunted by condensers 35 and 86 so that a
time lag of a few seconds is introduced which
prevents successive operations within a shorter
time interval.

The contact strip 25 of the ratchet switch arm
controls series of contacts 37 and 38. The con-
tacts 37 are connected through the manual se-
lection switch to the positive side of the battery
33, this connection being made only when the
said switch is in position for automatic opera-
tion as will be described hereinafter. The con-
tacts of series 38 are connected respectively to
the coils 39, 40 and 41 of three valve controlling
relays corresponding to first, second and third
speeds. These ralays are -preferably equipped
with induction sleeves to -provide a time delay
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il their operation. The relay coil 39 can actu-
ate a movable contact 42 to make with a fixed
contact 43 connected to an electromagnet 44 to
bring in the frst speed gear as hereinafter de-
scribed. 'The movable contact 42 also has a back
contact 45 which is connected to the back con-
tact 14 of the change-down relay 8. The movable
contact 46 of the relay 49 is arranged to make
with a fixed contact 47 connected to an electro-
magnet 48 for bringing in the second speed gear.
The movable contact 45 also has a back contact
48 and is connected to the back contact 45. The
back contact 49 is connected to the back contact
13 of the change-down relay 8. The relay 41
has a movable contact 50 connected to the back
contact 48 of relay 48 and is arranged to make
with a fixed contact 51 which is connected to an
electro-magnet 52 for bringing in the third speed.
The movable contact 58 is also connected to a
contact 53 in the automatic selection switch.
YWhen the switch arm is in fourth speed posi-
tion, this contact 53 is connected by the contact
strip 27 to a contact 54 which is itself connected
to an electromagnet 55 for bringing in the fourth
speed, this being effected, it will be noted, with-
out the intervention of a relay.

The contact strip 28 of the ratchet switch con-
trols o series of pairs of contacts B8, 57; B8, 59,
and §9, 64 which correspond to first, second and
fourth speeds respectively. The contacis £8, 58
and 88 are connected together and toc an ap-
propriate contact in the manual selection switch.
The contacts 87 and 59 are connected through a
resistance 62 to the end (33 of change-up relay
coil 4. The contact 61 is connected to the coil
of the change-down relay 8. A fifth electro-mag-
net, coil 83 is provided for bringing in the reverse
gear. All the electro-magnet coils are connected
on one side to the negative side of the battery
33. The electro-magnet coils 44, 48, 52 and 58
are connected on the other side through the in-
terconnected relay contacts and an economising
resistance 85 to the positive supply through ap-
propriate contacts in the manual selection
switch. The contacts 7 and i2 on the change-
up and change-down relays 4 and 8 are arranged
to short-circuit the resistance 65 when either
one of the relays is energised so that the current
in the selected solenoid coil is a maximum at this
time. As soon as the relay has caused operation
of the appropriate ratchet, the contacts 29 or 38
on the ratchet are broken so that the relay is
de-energised after the previously mentioned time
delay and the resistance 68 is re-introduced into
the selected electromagnet circuit, thereby di-
minishing the current flowing.

It will be understood that the electro-magnets
previously referred to are arranged to operate
hydraulic or pneumatic valves controlling hy-
draulic or pneumatic pistons for applying the
brakes and/or clutches to epicyclic gears and
thereby engaging the corresponding gear ratio
of the gear box. A convenient arrangement for
this purpose is illustrated in Figure 2. A gear
box indicated generally at 68 is of the usual
epicyclic type and has a brake drum (not shown)
with brake band 68 and line 87, one end of which
is anchored by & link 69. 'The other end of the
brake band is connected to a link 78 having a
head Ti bearing on a lever 12 fulerumed at 18
on the link 8% and bearing at its other end on a
bell crank 74 pivoted at T8 and connected by a
rod 16 to a pneumatic piston T1. Air from 2
supply pipe 78 is admitted to the operating cylin-
der 18 under the control of a spring loaded valve
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80 conuected by = spindle 81 to an armature 82
arranged to be actuated by the electro-magnet
coil 83 to open the valve 88. An exhaust outlet
&4 is controlled by a valve member 85. An ar-
rangement of this kind is employed for bringing
in the four forward speeds and the reverse gear.

The manually operable selection switch is
shown in Figures 3 and 4 and the contact ar-
rangement is shown in Figure 1. The movable
part of the switch comprises four contact or
brush arms 86, 87, 88 and 88, two of which are
shown in Figure 3. These arms are in electrical
connection and are arranged in the form of a
cross upon a plate 88 which is supported by
means of a central recess 81 upon a central pivot
22 which is vertically movable against a load-
ing spring $3. A handle 84 is located upon the
plate 9§ and is secured thereon by an upper
plate 85 rotatably seated in a central sleeve 86
in the switch casing §7 and connected to the
lower plate 88. Springs 88 are interposed be-
tween the upper plate §5 and the handle body,
and the latter is also connected by horizontal
pivots 88a to side plates 8§ of the upper plate 95.
A pin 188 in the upper plate 85 is engageable in
any one of a series of indexing recesses in a
member i81 secursd to the casing 7. The han-
dle 84 projects laterally through an opening in
the casing wall, which opening is of gate form as
shown in Figure 4 and comprises spaced parallel
slots £82 and {63 connected intermediately by a
short vertical glot {84. The upper slot 102 has
markings 8 and 4 indicating third and fourth
speeds. Instead of 4 the marking A may be
employed to indicate automatic control. The
lower slot 183 is marked R, 1 and 2 for reverse,
first and second speeds. A spring loaded pin
185 is mounted in the casing to prevent inad-
vertent movement of the handle to reverse po-
gition. 'The arrangement ig such that the han-
dle 84 can be rocked about its pivot pins 98a
for passing through the gate slot {24 and can
be moved laterally in either of the slots 102, 163
ang indexed in the marked positions. A rod 108
is slidable longitudinally in the handle and is
displaceable by a button (87 in the handle end.
The rod 188 engages a double conical or equiva-
lent cam-shaped member {88 located in an en-
larged bore in the handle body and loaded by a
spring {8%. The member {88 is engaged by a
bali 148 located in an aperture in the handle
body wall, the ball being engaged by a pin {1
engaging a second ball {12 located within the
sleeve 88. A screw 113 on the casing 97 abuts
the ball {12. This ball and pin arrangement is
alighed with the spring loaded supporting pivot
82. The arrangement is such that pressure on
the handle button i87 displaces the cone mem-
ber 188 and thereby forces the contact plate §0
downwardly by depressing ifs supporting pivot
82. 'This motion also brings with it the upper
plate 88 and releases the pin {48 from the in-
dexing recesses in the member §8i, thus en-
abling the contact plate tc be angularly adjusted
to another position. Four groups of contact
studs are arranged beneath the contact arms,
and two of these studg are shown at {14 in Fig-
ure 3.

Referring to Figure 1, three contact studs 18§,
{18 and ({7 comprise one group and are dis-
posed at a level such that they will only be con-
tacted by the arm &7 when the handle 94 is in
the upper slot 152 of the gate, this being deter-
mined by the corresponding inclination of the
contact arm piate 88. The stud {15 is a fourth
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speed or automatic control stud and is connected
by a line 118 through the contacts 29 and 30 to
the governor controlled contact member 1. The
stud 116 is g neutral stud and is connected to
the third speed stud 1i7 and thence by a line
119 to the positive side of the third speed elec-
tro-magnet 52. A second group of four studs
comprises a neutral stud 121 which is connected
by a line 124 to the contacts 56, 58 and 60 of
the automatic selection switch which are only
contacted by the strip 26 when the arm is in
first, second, or fourth speed positions. This
neutral stud i21 is contacted by the arm 89
when the neutral stud 1§ is contacted by the
arm 81. The studs i20, {22 and 123 are all con-
nected to the contact arms §, 8 and 18 of the
change-up and change-down relays. This sec-
ond group of contacts are engageable by the con-
tact arm 89 in either the upper or lower siot
position of the handle 84. A third group of con-
tacts comprises four studs 125, 128, (27 and 28
all connected to the positive side of the supply
battery 23 and the economising resistance §5.
These studs are arranged so that they are only
engaged by their contact arm 88 when the but-
ton 107 of the handle §4 is depressed ag is neces-
sary when changing the handle position, and
when contacted they short-circuit the resistance
65 when the circuit of the selected electro-mag-
net is closed, the resistance being re-introduced
when the button is released. A fourth group
of contacts comprises contact studs 128, 138, 131
and (22 which are arranged so that they are
only engaged when the handle 83 occupies the
lower slot. The end or reverse stud {29 is con-
nected to the positive side of the reverss gear
electro-magnet 63. The first speed stui 139 is
connected to the positive side of the first gear
electro-magnet 44. The neutral stud (8] is
connected to the end stud {82 and to the posi-
tive side of the second speed solenocid 48. Thus
when the arm §8 contacts with the appropriate
stud of the fourth contact group, the eircuit of
either the reverse, first or second speed electro-
magnet will be completed through the corre-
sponding stud of the second group (126, {22 or
123) which is connected through the resistance
65 to the positive side of the battery 33. The
arrangement is such that when the switch han-
dle 94 is moved to fourth speed or automatic con-
trol position, automatic conirol is afforded from
first to fourth speeds. IMovement of the switch
handle to reverse, first, second or third speed
positions interrupts the automatic conirol cir-
cuits and closes the electro-magnet circuit of
the selected gear to engage the same, the econo-
mising resistance 6§ being short-cireuited by
contacting of the studs 125, 125, 127 or {28 as
long as the handle button {87 is depressed. Also
the contacts of the groups are =o arranged that
a neutral contact is made when moving the han-
dle through the gate from any one of the posi-
tions 1, 2, 3 or 4 (A) to any other of said po-
sitions.

It will be seen that with the manual selection
switch in neutral position there is no electrical
connection to the contact 113 which is connected
to the governor member i, nor is there any elec~
trical connection to contacts 138, 132, 1% or 128
because the arm 88 does not make with any of
the supply contacts {25, 125, 127 or 123 unless
the button of the switch handle is depressed,
and the contact arm 88 lies on a contact (2
which is not connected to the supply. Thus
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none of the electro-magnets is energised and no
gear is engaged.

It is not possible to move the switch arm 94
without first pressing the button {07, and this
action causes the arm 88 to engage contact group
125, 126, 127, (28. 'Thus when the switch arm
is moved to any one of the positions R, 1, 2 or 3,
the four contact arms are electrically connected
to the positive side of the battery and the arm
86 or 87 will carry the connection to the ap-
propriate contact and current flows directly to
the appropriate electro-magnet winding, the
circuit of which is completed through the com-
mon connection to the negative side of the bat~
tery. When the button 167 is released in the
selected gear position the direct connection with
the battery is interrupted by disengagement of
the arm 88 with its group of contacts, but a re-
duced current is maintained through the arm
88 which is then engaged with one of the con-
taects 120, 122 or 123 which are connected through
the economising resistance %5 to the positive
side of the battery. Thus having first applied
the full battery voltage to the appropriate elec-
tro-magnet to ensure its positive actuation, a
reduced current is then maintained to hold the
magnet in its actuated position. This enables
a relatively small magnet to be used without
overheating when energised for long periods.

It is desirable that during manual control of
the gear hox as descrived above, the ratchet
switch for automatie selection should be in third
gear position, in order that when it is hrought
into effect by reverting to automatic control it
will not immediately actuate a gear ratio which
might be too low or too high for the speed of
the vehicle at the time of gear change. If the
ratchet switch should be in first or second speed
position when the automatic control is diseon-
tinued by moving the manual selection switch
to a selected position the switech arm will of
necessity be moved through the neutral position
with the button {87 depressed. This will com-
plete a econnection from the positive side of the
battery through contact 137, arm &8, arm 89,
contact 12{, and contact strip 28 on ratchet
switeh arm to the end {38 of the winding of the
change-up relay, and thence through contact
strip 24 of the ratchet switch and contacts 32
to the negative side of the battery. The change-
up relay 4 is thus energised to complete a cir-
cuit from the pesitive side of the battery through
relay contacts 1, contact arm 5§ and contact & to
magnet winding 15 and thence to the negative
side of the baitery. The magnet 15 is thus
energised and moves the ratchet switch one step
in a change-up direction, for example from first
speed to second speed position. The next op-
eration of the manual selection switeh through
the neutral position will repeat the energising
of the ehange-up relay 4 and move the ratchet
switch to third speed positicn. Further move-
ment of the manual selection switch can have
no effect upon the change-up relay since the
contact strip 2§ on the switeh arm will not make
the necessary contact,

If the ratchet switch had been in fourth speed
position when automatic control was discon-
tinued, the ensuing movements of the manual
switch arm 94 would complete a cireuit through
the ratehet switch contact strip 26 and contact
§1 to the end i34 of the change-down relay coil
8, and thence through the coil to contact 34,
through contact strip 24 to contacts 32, and
thence to the negative side of the battery. Op-
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eration of the change-down relay 8 which en-
sues will complete a circuit from the positive side
of the battery through relay contacts i and {2
and contact arm § to the magnet winding {8 and
thence to the negative side of the battery. The
operation of the magnet {9 will then move the
ratchet switch one step to third speed position.

Considering now the funetioning of the auto-
matic control, let it be assumed that the ratchet
switch is in third speed position when the manual
selection switch is moved to position 4 or A.
This completes a, circuit from the positive side of
the battery through contact 128, arm 88, contact
§15, line 118, line 35, ratchet contact strip 2§,
contact 38, relay windihg 41 and thence to the
negative side of the battery. The relay is there-
by energised to complete a secondary circuit
from the positive side of the battery through
contact 128, arm 88, arm 89, contact 128, line
136, contact arm 18, coniact 18 (or alternatively
line 137, contacts 42, 45, 46, 48), contacts 56 and
5{ of third speed magnet relay and through mag-
nets 52 to the negative side of the battery, there~
by engaging the third speed. When the bution

£07 is released by the operator, the circuil from ¢

the battery is completed through the resistance
§5 as previously explained. If the vehicle is sta-
tionary when the automatic control is selected, or
if for any other reason the engine speed is low
enough to close the change-down contacts {, 3
in the governor switch, current will flow from
the positive side of the battery to the resistance
65 (the handle button 167 being assumed released)
to contact 120, arm €9, arm 87, contact 1{§, con-
tacts 30 and 29, governor contact arm {, governor
contact 3, the change-down relay coil 8, contacts
34, contact strip 24, contacts 32, and thence to
the negative side of the battery. The change-
down relay & is thereby energised and the con-
denser 36 is charged, the relay in turn closing
and completing a circuit from the positive side
of the battery through the relay contact {2, con~
tact arm 8, contact 1{, magnet coil 18 and thence
to the battery negative, thereby operating the
ratchet switch to move its arm one step down to

second speed position, thereby transferring the ¢

circuit from the third speed relay winding &1 to
the second speed relay winding 48, The contacts
of the second speed relay 48 will thereby be closed
to complete a circuit from the positive side of the
battery through the change-down relay coniacs
12 and contact arm 9, line (38, line 137, relay con-
tacts 42 and 85, relay contacts 46 and &7, the
second speed magnet winding 43 and thence to
the negative side of the battery. When the con-
tacts £8 and 47 are closed, the contacts 46 and
49 are opened. Simultaneously with the closing
of the change-down relay contacts {2, {1 and §,
the back contacts 13 and i4 are opened, therehy
interrupting the circuit of the third speed magnet
relay contacts 58 and 51, so that while the induc-
tion sleeve provided on the winding of the third
speed relay winding 44 retains its contacts 83, 81
in closed condition for the required period for a
changing-up operation (about % second), the
circuit supplying these contacts is instantansously
broken by the aforesaid back contacts 13, 12 of
the ehange~down relay, and the lag which is n-
herent in the action of the relay is prevented from
being effective in the third speed magnet winding
5 which it has been contrelling. 'The operation
of the ratchet switch causing the change-down
operation to take place has previously opened the
contacts 3§ and interrupted the circuit to the
governor switch contacts { and 3 and the change-
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" down relay coil @ gnd its condenser 88 so that the

latter commencss to discharge through its relay
coil and holds the relay closed for a predefer-
mined period (about two seconds). When this
relay opens the circuit to the change-down mag-
net 18, the ratechet contacts 38 will again be closed
and the governor switch member { will again be
connected to the positive side of the battery and
is ready for a further operation should the engine
speed and throttle position be such as to close its
contacts. A manusl switch 138 Is provided and
connected to the contact i39 which is similar to
contacis 34 but occupies the second speed position
of the ratchet switch contact strip 24. When the
manual switch 188 is opened, the circuit through
the change-down relay 8 will be breken when the
ratchet switeh arm reaches the second speed
position and a further change-down cannot then
oceur.

If the engine speed rises sufficiently to close
the governor switch contacts { and 2, a circuit
is completed from the positive side of the battery
through the economising resistance 6%, the con-
tact 120 of the manual selection switch, the
switch arms 89 and 87, the contact 15, contacts
20 and 28, governor switch arm i, governor switch
contact 2, the change-up relay winding 4 and its
condenser 38, the contacts 3i, the ratchet arm
contact strin 24, the contacts 32 and thence to
the negative side of the battery. The consequent
operation of the change-up relay closes a circuit
from the positive side of the battery through the
change-up relay contacts 7, § and 6 through the
magnet coil 15 to the negative side of the hatiery.
The ratchet switch is thereby moved up one step,
for example from second to third position. The
moveraent of the ratchet arm contact strip 25
transfers the subply from the relay coil 48 to the
relay coil &1. The relay contacts 48, 47 remain
closed for about half & second, maintaining the
eircuit through the second speed magnet 48 for
this period after the actuation of the third speed
magnet 52. Tt is to be noted that the circuit
which supplies the relay contacts 58, 5l is not in-
terrupted when changing-up as it is when chang-
ing-down. The operation of the raichet switch
when changing-up opens the contacts 2% and
thereby interrupts the cireuit to the governor
switch arm { and thence through the contact 2
and the change-up relay & and its condenser 88.
The condenser then commences to discharge
through the relay winding 4 and maintains the
relay contacts closed for approximately two sec-
onds. During this periocd the aforesaid contacts
28 remain open and render the governor switch
inoperative. This provides sufficient time for the
engine speed to accommodate itself to the new
gear ratio before the governor switch becomes
operative again. When the next upward change
to fourth speed %akes place, the ratchet switch
contact strip 25 interrupts the circuit of the third
speed relay coil 41 and the ratchet switch con-
tact strip 27 occupies a position bridging the con-
tacts 5% and 54, thereby closing a circuit from
the positive side of the battery through the
change-up relay contacts 7 and §, the line {38, the
back contacts {8 and {4 of the change-down
relay, the contacts §3 and B£ previously men-
tioned, the fourth speed magnet 55, and thence
to the battery negative. In the fourth speed
position of the ratchet switch the contact strip
94 interrupts the circuit of the change-up relay
winding 4 and no further change in the upward
direction of the switch can take place.

Tt is to be noted that the main purpose of the
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magnet relays 39, 40, 4{ is to provide a slight
overlapping of the magnet operations when
changing-up as distinet from changing-down.
For this reason the fourth speed magnet is no
provided with a relay since no higher speed is
provided. If the relays are needed to relieve
the ratchet switch of heavy current, then a
simple relay without an induction sleeve could
be provided for the fourth speed magnet, its con-
tacts replacing the existing contacts 52, 54 of the
ratchet switch and its winding being connected
between the ratchet switch arm contact corre-
sponding to contact 38 but in fourth speed posi-
tion, and the battery negative.

It will be seen that the back contacts 45 and
49 of the first and second speed magnet relays
are employed to provide a supply circuit from
the line §3% through each relay to the next
higher speed relay so that when changing-down,
the incoming relay isolates the next higher speed
relay so as to prevent its lag factor from being
effective when changing-down. When changing-
up, however, the incoming relay has an independ-
ent supply provided by the back contacts i3 and
i4 on the change-down relay, as the outgoing
relay remains closed for about half a second and
is therefore unable immediately to supply the
next higher speed relay through its back contacts.

The contact members [, 2 and 3 which are
moved in accordance with speed and fuel or
throttle conditions to effect automatic gear
changing may be arranged as described in British
patent speecification No. 457,269, but preferably
the construction shown in Figures 5, 6 and 7 is
employed. This comprises a casing {48 in which
is rotatably supported a shaft (41 carrying a pul-
ley 142 which is driven from the engine. The
governor actuated member {43 is of generally
V shape carrying a V-shaped spring {44 on
which are mounted a pair of contact studs {45,
and is mounted on a spindle {46 for angular mo-
tion. A second rotatable spindle (47 carries a
pair of contoured contact plates 148 secured to
an insulating base 149 and arranged between the
aforesaid contact studs {45 which are in electrical
connection. The spindle (47 has an arm 150
which can be actuated from the throttle control
of the internal combustion prime mover, the ar-
rangement being such that at different angular
positions of the spindle 147, the contact surfaces
of the contoured plates {48 are at different dis-
tances from the contact studs 145. The speed
governor is of the centrifugal type and comprises
the shaft {4{ mounted in bearings 15f. Two cen~
trifugal weights 152 are connected by duplicate
links {53 to a cross pin 154 extending through
the shaft, the weights being shaped as rollers
which lie cne on each side of the shaft with
their axes at right angles to the shaft axis. A
collar {55 slidable on the shaft t4f carries two
bearing members {58 which extend outwardly be-
tween the links {83 and are formed with bearing
surfaces {57 preferably perpendicular to the shaft
axis upon which the weights 152 can roll. The
sliding collar 185 is loaded by a spring 158 which
abuts against a second collar 189 fixed to the
shaft. A cross pin 188 on the sliding collar 155
extends through a longitudinal slot in the shaft
communicating with a bore 161 extending to one
end thereof. Slidable longitudinally in the bore
161 is a rod 152, one end of which engages the
cross pin {68 and the other end of which pro-
trudes from the shaft and engages an arm 163
on the spindle {46 through a thrust ball {64. The
arrangement is such that at a predetermined
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speed of the shaft 14! the centrifugal weights
152 move outwards by rolling along the bearing
surfaces (57 and thereby displace the sliding
collar {55 against its spring loading. This move-
ment displaces the rod 182 and moves the arm
163 of the V contact member 42 to bring one
of the contact studs {45 into engagement with
the adjacent contoured contact plate 48 and
thereby operate the relay means for cffecting a
change to a higher gear ratio. When the speed
falls to a sufficient extent the sliding collar 155
returns, permitting the vV member $42 to move
in the opposite direction under the action of a
suitable return spring 163¢ so that contact is
made with the other contoured plate and thereby
causes a gear changing operation to a lower ratio.
It will be understood that the two contasct plates
148 correspond to the plates 2 and 3 of Pigure 1,
and the Vv contact spring 144 and studs (45 cor-
respond to the contact arm | of said figure.

A modified form of control circuit, which may
be employed in place of the circuit of PFigure 1
when desired, is shown in Figure 8. The modified
circuit is generslly the same as that previously
described, but the magnet relays 38 and 40 for
the first and second speed magnets 44 and 48
have no back contacts. In place of these, the
ratchet switch arm has a contact strip 165 which
makes contact with a continuous fixed contact
166 connected to the change-down relay contact
12¢, and with fixed contacts {67, 168 which oc-
cupy the second and third speed positions of the
arm respectively and are connected directly to
the second and third speed magnets 48 and 52,
thereby providing a direct supply for the latter.
The supply to the contacts 46 and 50 of these
second and third speed magnet relays during a
changing~down operation is interrupted by the
back contact {69 on the change-down relay 8.
Also during such operation, a supply is provided
to the ratchet switch contact strip 185 through
the contacts 5 and 12¢ on the change-down relay.
Thus owing to the fact that the valve actuating
magnets 48 and 52 are directly energised without
the intervention of their respective relays when
changing from a higher to a lower gear, there will
be no lag or overlapping of these operations. The
relay coils are provided with induction sleeves as
in the previous example which afford a lag of
about half a second in the operation of the relays,
and this is effective when changing from g lower
to a higher gear since the magnets are energised
through the operation of their respective relays,
and hence the desired operational overlapping is
obtained.

The modified circuit also has no economising
resistance 65 as in the arrangement of Figure 1,
and hence additional short-circuiting contacts on
the change-up and change-down relays are not
required, thereby simplifying the circuit.

t will be seen that when using control means
as described above with the selection switeh set
for automatic operation, an increase in engine
speed to a predetermined value causes closing of
the governor actuated switch and operation of
the automatic selection switch to engage the
next higher gear. The introduction of the higher
gear reduces the speed of the engine temporarily
and causes the governor actuated contacts to
open. Converse operations take place when the
engine speed falls and the gear ratios are pro-
gressively changed-down. If the arrangement is
fitfed to a vehicle having an automatic clutch or
fluid flywheel, the vehicle may be brought to rest
by applying the road wheel brakes and the engine



2,658,408

13

can continue to operate at idling speed although
the low gear is engaged.

The invention provides a convenient and cffec~
tive means enabling manual control of the gear
changing operations to be substituted for auto-
matic contrel when desired, as for example for
the purpose of maintaining a low gear in engage-
ment when the vehicle is descending = hill. The
invention is not restricted to the example de-
scribed, since different numbers of gears may be
arranged to be controlled by both automatic and
manual means. Also the actuation of the gear
engaging means may be effected in various ways,
for example directly by electro-magnetic means.
Purther, the invention is not restricted to auto-
matic control dependent upon speed and fuel sup~
ply or thrctile conditions. Thus instead of the
governor actuated switch, a pair of push button
switches may be provided for example, one con-
trolling a change-up
change-down relay or eguivalent means, the re-
mainder of the confrol arrangements being sim-
ilar to those previously deseribed.

What I claim is:

1. Change speed gearing having electrical con-
trol means comprising, in combination, two first
circuits controlled by contact making membars,
means adapted to he contrelied by a speed sensi-
tive device driven from the input side of the
speed gearing for actuating said contact making
members to control said circuits alternatively,
stepwise actuatable means controlled by ones of
said first circuits for effecting engagement of a
next higher gear when actuated and controlled by
the other of said first circuits for effecting en-
gagement of a2 next lower gear when actuated, a
manually opsrable selection switch means con-
trolling said first circuits and having a plurality
of positions, further circuits controlled by said se-
lection switch means, and electrical means for
controlling engagement of different gear ratios in
said further circuits, whereby gear changing is
effected either automatically or by manuai selec~
tion according to the position of said selection
switch means.

2. Change speed gearing acecording to claim 1,
in which the confact making members comprise
two elements movable relatively in two non-
parallel directions, movement in one direction be~
ing controlled by the speed sensitive device, and
movement in the other direction bheing controlled
by means responsive to the regulation of the
Tuel supply $o the prime mover.

3. Change speed gearing according to claim 1,

in which the stepwise actuatable means are ar- ¢

ranged tc actuate a switeh mechanism alter-
natively in opposite directions for controlling dif-
ferent circuits for effecting engagement of dif-
ferent gear ratios.

4. Change speed gearing according to claim 1,
comprising relays in said first circuits, and a se-
lection switch operable alternatively in opposite
directions by the stepwise actuatable means to
close circuits for actuating the different gear
ratio engagement means.

5. Change speed gearing according to claim 1,
comprising relays in sald first circuits, a selec-
tion switch operable alternatively in opposite di-
rections by the stepwise actuatable means to close
circuits for actuating the different gear ratic en-
gagement means, and time relay means such as
shung connected condensers combined with the
relays to prevent successive opsration thereof
within a predetermined period.
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6. Change speed gearing according to claim 1,
comprising electro-magnetic devices for control-
ling engagement of the selected gear.

7. Change speed gearing according to claim 1,
comprising electro-magnetic devices for control-
ling engagement of the selected gears, and elec-
trical relays controlling at least some of said de-
vices.

8. Change speed gearing according to claim 1,
comprising electro-magnetic devices for control-
ling engagement of the selected gears, electrical
relays controlling at least some of said devices,
and time delay means combined with said relays.

9. Change speed gearing according to claim 1,
comprising electro-magnetic devices for control-
ling engagement of the selected gears, electrical
relays controlling at least some of said devices,
time delay means combined with said relays, and
means for preventing sz2id time delay means from
being effective when changing from a higher to
a lower gear.

10. Change speed gearing according to claim 1,
comprising electro-magnetic devices for control-
ling engagement of the selected gears, electrical
relays controlling at least some of said devices,
time delay means combined with said relays, and
contacts actuated by one of gaid relays in a cir-
cuit for isclating ancther relay corresponding to
the next higher speed gear when the first said
relay is energisasd, whereby the time delay of said
second relay is rendered ineffective and there will
bha no overlapping of the different gear engage-
ment pericds when changing from a higher to
a lower gear,

11. Change speed gearing according to claim 1,
comprising electro-magnetic devices for control-
ling engagement of the selected gears, electrical
relays controlling at least some of said devices,
time delay means combined with said relays, an
automatic selection switch operated by the step-
wise actuatable means, relay means controlling
said selection switeh, and contacts actuated by
said relay means for interrupting the supply of
current to the relays controlling the said electro-
magnetic devices.

12. Change speed gearing according to claim 1,
in which the manually operabkle switch means
has contact means automatically engageable each
time the switch is operated tc change the gear
ratio, and a circuit closable by said contact means
is associated with an automatic selection switch
whereby the positioning of said selection switch
in an intermediate positicn is ensured and there-
by inappropriate gear changes are obviated.

13. Change speed gearing according to claim 1,
comprising a plurality of gear engaging electrical
control devices, a current economising resistance
in the circuits of said devices, and means actu-
ated in response to each gear changing operation
for short-circuiting said resistance.

14, Change speed gearing according to claim 1,
comprising a plurality of gear engaging electrical
control devices, a current economising resistance
in the circuit of said devices, means for locking
the operating handle of the manually operable
selection switeh means in each selected position,
meang actuaied by unlocking motion of the
handle for closing contact means, and circuit
means including said contact means for short-
circuiting said resisbance when the handle is
moved from one wosition to another.

15. Change speed gearing according to claim 1,
comprising a plurality of gear engaging electrical
control devices, a current economising resistance
in the circuit of said devices, an operating handle
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-for the manually operable selection switch means
arranged for guided movement in a slot of gate
form, means for locking said handle in each
selected position, means actuated by unlocking
motion of the handle for closing contact means,
and circuit means inciuding said contact means
for short-circuiting said resistance when the
handle is moved from one position to another.

16. Change speed gearing according to claim 1,
comprising a plurality of gear engaging electrical
control devices, a current economising resistance
in the circuit of said devices, an operating handle
for the manually operable selection switch means
arranged for guided movement in g slot of gate
form, contact arms associated with the handle
and rotatable thereby, means for locking said
handle in each selected position, a spring leaded
button in said handle for releasing the locking
means, means actuated by unlocking motion of
the handle for closing contact means, and circuit
means including said contact means for short-
circuiting said resistance when the handle is
moved from one position to another.

17. Change speed gearing according to claim 1,
comprising a plurality of gear engaging electrical
control devices, a current economising resistance
in the circuit of said devices, an operating handle
for the manually operakle selection switch means
arranged for guided movement in a slot of gate
form, depressible contact arms asscciated with
the handle and rotatable thereby, means for lock-
ing said handle in each selected position, a spring
loaded button in said handle for releasing the
locking means and arranged to depress said con-
tact arms when the button is opsrated, and con-
tacts adapted to be made by depression of said
arms for short-circuiting the resistancs, the lat-
ter being re-introduced when the hutton is re-
leased.

18. Change speed gearing according to claim 1,
in which the confact making members are mov-
able relatively in two directions, movement in one
direction being controlled by the speed sensitive
device, and movement in another direction being
controlled by means responsive to the regulation
fuel supply of the prime mover, one of said mem-
bers comprising a pair of electrically connected
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contacts mounted in spaced relation for angular
movement in unison, and the other of said mem-
bers comprising a pair of contoured contact
plates mounted for angular movement and ar-
ranged so that the spaced contacts will make
contact with one or other of the plates when
relative movement takes place.

19. Change speed gearing according to claim 1,
in which the contact making members are mov-
able relatively in two directions, movement in one
direction being controlled by the speed sensitive
device, and movement in another direction being
controlled by means responsive to the regulation
of the fuel supply of the prime mover, said con-
tacts comprising a pair of spaced and electrically
connected contacts mounted on a v-shaped mem-
ber for angular movement in unison, said V-
shaped member being operable from the speed
governor, and & pair of contoured contact plates
mounted for angular movement and arranged so
that the spaced contacts will make contact with
one or other of the plates when relative move-
ment takes place.

29. Change speed gearing according to claim 1,
comprising a speed sensitive device having arms
carrying centrifugal weights which have rolling
engagement with a bearing surface on or asso-
ciated with a member movable along the axis of
weight rotation against resilient loading, the
said bearing surface being transverse to said axis
g0 that the displacement of the member is ap-
proximately proportional to the change in speed.

21. Change speed gearing according to claim 1,
in which the stepwise actuatable means comprise
oppositely acting ratchet means combined with
a ratchet wheel operating a selection switch.,

ALBERT ARTHUR MILLER.
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