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This invention relates to a control apparatus
and particularly to an apparatus for controliing
the . relative speed of rotation of & given me-
chanical element with respect to that of an-
other rotating part to maintain a desired speed
ratio. More specifically, my invention relates to
an apparatus for automatically controlling  or
limiting the power supplied to a power driven
element so as to avoid excessive speed and un-

economical operation thereof.

A specific application of my. invention has to
do with the control of the valve mechanism of a
steam driven railway locomotive and the inven-
tion will be described in connection with such a

locomoetive, although it will be understood that.

the invention is by no means hmltnd to such an
application.

When a steam driven railway locomotive is be-
ing started under heavy load, great skill and care
are required to control the steam supply to the
driving cylinders so as to get the load moving
without slipping the drive wheels. With the
greatest of skill and the hest of care it frequently
happens that an excessive amount of steam is

turned on and the torque applied to the drivers 2

overcomes the adhesion between the drivers and
the rails which support them. When this occurs,
the drivers are rotated at an excessive speed, los-
ing much of their tractive effort, burning and
sometimes actually melting the surfaces of the
rails, and wasting power. The use of sand and
the like to increase adhesion is. of some benefit
but does not entirely prevent such operation.
Under such conditions it is necessary for the
operator to shut off or at least materially reduce
the steam supply uatil traction can be regained.
In starting a heavy load up grade, particular
difficulty in this respect is commonly encountered.

Therefore, it is an object of my invention to
control and limit, by automatic means, the power
imparted to a rotating element, such as a locomo-
tive driving wheel, so that such element cannot
be operated at an excessive rate of speed.

A further object of my invention is to control
valve mechanism automatically so as to reduce
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the flow of & motive fluid therethrough when the .

rotary speed of a member driven thereby be-
comes. excessive, even though a manual control
for such mechanism has been operated to permit
such excessive speed.

A still further object of my invention is fo
combine manual and automatic control apparatus
for valve mechanism, in steam locomotives and
the like, in such a manner that such mechanism
may be set manually to provide a desired maxi-
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‘mum flow of steam, and the automatic control

means will reduce or stop the flow, when required,
to stop any substantial slipping of the locomotive
drive wheels.

Anocther object is to maintain substantial syn-
chronism or equality of peripheral speed between
Jocomotive drivewheels and non drivers, or be-
tween separately driven drivers or sets of drivers,
and to utilize any substantial departure from
such synchronism or equality to initiate the
operation of control mechanism.

Still another object is to operate valve mech-
anism by automatic means which is controlled
by the relative rotative speed between a driver
and a non-driver, or between separately powered
drivers.

Other and further objects of the present in-
vention will be apparent from the following de-
scrlptlon and claims and are illustrated in the ac-
companying drawings which, by way of illustra-
tion, show preferred embodiment of the present
inventionn and the principle thereof and what I
now consider to be the best mode in which I
have contemplated applying these principles.
Other embodiments of the invention embodying
the samé or equivalent principles may be used
and structural changes may be made as desired"
by those skilled in the art without departing
from the present invention and the purview of
the appended claims.

In the drawings:

Fig. 1 is an elevational view showing part of a
locomotive embodying my invention;

Fig. 2 is a perspective view of the control mech-
anism of my invention;

Tig. 3 is ahother perspective view generally
similar to Fig. 2, with certain parts omitted, and
certain other parts in changed positions;

Fig. 4 is a fragmentary elevational view, show-
ing certain elements of the control apparatus, a
primary control member per se and certain oper-
ating elements for valve mechanism all being -
shown in an inoperative or neutral position; and
. Pigs. 5, 6, 7-and 8 are views of the mechanism
shown in Fig. 4 in various other positions.

In Fig. 1 there are shown certain major oper-
ating parts of a well known type of railway loco-
motive, the particular locomotive illustrated be-

ing of the 4-6-2 (Pacific) type equipped with a

standard valve gear of a type commonly and
widely used.

The locomotive, as shown in Fig. 1, comprises
a boiler structure  !!, drivewheels, hereinafter
referreéd-to as drivers {2, 13, a pilot wheel {4, a
steam cslmdel 5, a plston rod 8, a cro%s head
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11, a connecting rod 18, a crank pin 19 and an
eccentric arm 28, as well known in the art. A
parallel bar 21 connects the drivers, of which only
two are shown, and a link 22 extends from the
eccentric crank to the depending arm 23 of a
reverse link 24.

The reverse link 24 is pivoted on a pin 25 mount-
ed in g rigid frame member 26 which extends
longitudinally of and is secured to the side frame-
work of the locomotive. The reverse link is pro-
vided with a curved slot 3f which is adapted to
slidably receive a pin 32 carried by a radius rod
33. The forward end of radius rod 33 is pivoted,
as indicated at 34, to the upper end of a combina-
tion lever 35. Combination lever 35 is pivoted
near its upper end as shown at 28, fo a sliding
block 37 secured to a valve stem 38. Valve stem
38 operates a slide valve mechanism 39. The
lower end of the combination lever 35 is pivotally
attached to the forward end of a link 4i. The
rear end of link #f is pivotally secured to an
arm 42 which forms an integral part of the cross
head i7. By the means just described, the com-~
bination lever 35 is moved in a manner well known
in the art to actuate the main slide valve mecha-
nism 39 which controls the flow of steam alter-
nately to the front and rear intake ports of the
main drive cylinder 15.

The extent to which the valve 39 is moved, as
well as its direction of movement at a given in-
stant, is controlled by the position of the pin 32 in
the slot 31 of the reverse link 0. Thus when the
pin 32 occupies a position at the bottom of slot
31, as shown in Fig. 1, the valve 39 is positioned
to admit steam to the respective ends of cylinder
15 in proper timed relation so as to drive the
locomotive forward. If pin 32 is at the upper end
of the slot 31, the valve will be operated to drive
the locomotive in reverse. In a position at or
near the middle of the slot, the valve mechanism
is neutral and passage of steam to cylinder {5 is
restricted.

The rear end of the radius rod 33 is pivotally
connected to the lower end of a link 45. The up-
per end of link 45 is pivotally connected to the
forward end of an arm 46 which is keyed or other-
wise secured against relative rotation on a shaft
41. The shaft 47 is suitably mounted for rocking
movement in a pair of bearings appropriately

mounted on the locomotive framework, one such

bearing being shown at 48, and secured in any
appropriate manner to the frame member 28, pre-
viously mentioned.

Another arm 51 is keyed or otherwise rigidly
secured to shaft 471 at a point inwardly spaced
from said arm 46. Hence the arms 46 and 5i
and shaft 4T are all fixed with respect to each
other so as to rotate together, this construction
being best shown in Figs. 2 and 3.

Mounted on and surrounding the shaft 47 be-
tween the two arms 46 and 51 is a sleeve 53. At
its outer end this sleeve carries an upwardly pro-
jecting arm 54 which is welded or otherwise rigid-
ly secured to said sleeve. This arm or lever 54
is the reverse shaft lever, a main control lever
well known in the prior art, and is the lever
through which the other valve mechanism just
described is normally controlied. The upper end
of arm 54 is pivotally connected to the forward
end of g link 61, the rear end of such link being
pivotally connected to a slide 62 attached to the
piston rod €3 of a control piston and cylinder as-
sembly 64. The assembly 54, which is also well
known in the prior art, is controlled by a manual
lever €5 through a link 66, a lever 67 pivoted at
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68, a link 69, lever Tl connected at its lower end
to the slide 62 by a link 72 and the pilot valve
stem 73 connected to the upper end of lever Ti.
When the manual lever €5 is moved, the valve
stem 73 is operated to allow compressed air or
steam to move the piston rod 63 and thus to move
the arm 54.

In the valve control mechanism illustrated,
which is of a general type that is well known in
the prior art, the arm 54 has in the past been di-
rectly connected to the arm 46 so that they move
together when the control assembly 64 causes
piston rod 63 to move., Through the link 45, in
the prior art structure, the radiu rod 33 is raised”
or lowered to move the pin 32 in the slot 31, thus
operating the valve 39 to feed steam into the cyl-
inder {5 and to drive the locomotive forward or
backwards depending upon the setting of pin 32.
In the present instance this direct connection be-
tween arm 54 and arm 46 is replaced by a paral-
lelogram linkage arrangement which is subject
to automatic confrol by mechanism which be-
comes operative when and in case the drive wheels
{2 and {3 begin to slip with respect to the rails
on which they ride.

The linkage through which arm 54 is con-
nected to arm 46 is as follows: To the inner
end of sleeve 53, to which arm 54 is rigidly se-
cured, there is secured another arm 15. As
shown, arm 175 has a bifurcated hub portion
which straddles the arm 51, one branch 76 be-
ing welded or otherwise rigidly secured to the
sleeve 53 and the other branch 77 being mounted
for free rotation on the shaft 47. The upper
end of arm 15 is pivotally connected to a link
T8 which extends forwardly, its forward end be-
ing mounted on a pin or stud 81 which projects
from a slide block 82 mounted in the arcuate
slot 83 of an arcuate or curved control mem-
ber 84. Another link 85 has a bifurcated up-
per end portion 8§ which straddles the end of
Iink 78 and pivots on the same pin 8i. The
lower end of link 85 is pivotally connected to
the forward bifurcated end 88 of the arm 5i
previously mentioned.

When arm 54 is rocked by the control piston
rod 63 through link 8!, the sleeve 53 and arm
15 are rotated, the bifurcated hub 78, 77 of this
arm serving to position the sleeve 53 and its
two arms lengthwise with respect to shaft 47.
Movement of arm 7% causes link 78 to move the
pin &f and the slide block 82 in the arcuate
siot &3, assuming that the curved member 84
is held stationary, and this causes the link 85
to rock arm 5{. Since arms 51 and 48 are both
keyed to shaft 47, arm #8 is thereby moved to
operate the radius rod 33 and thus to control
the main valve mechanism 32, 35, 39 in the
usual manner. Motion is thus transferred from
arm 54 through sleeve 53, through the parallelo-
gram arrangement mentioned above to shaft 47,
and thence to arm 46.

The curved control member 84 is pivotally
mounted as indicated at 98 by a stud which
projects from its rear face (not shown) into a
bearing opening formed in a boss portion $8i
of a rigid frame member 92. The member 92
extends forwardly of the locomotive and has
formead thereon, or rigidly attached thereto at
its forward end a bracket 93 to which a control
cylinder 84 is firmly securad as by tension straps
95. The cylinder 94 contains a sliding piston,
not shown, on the end of a piston rod 8% which
is slidably mounted in the usual packing box
87 of the cylinder head. Piston rod 86 is se-
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cured at its rear end to a pair of links 88 piv-
otally attached to an upstanding arm 99 of the
member 84. The cylinder 94 is preferably sup-
plied with compressed air from a suitable sup-
ply source through valve mechanism, not shown,
and by this means the curved member 84 may
be rocked about its pivot 88, from the position,
Figs. 1 and 2, counterclockwise as seen in the
drawings to the position shown in Fig. 3.

A stop member 181 is secured to frame mem-
ber 82 and is provided on its upper rear cormner
with an adjustable stud 182 adapted to limit
clockwise movement of the arm $§, as seen in
Figs. 1, 2 and 3. Henee the stop is effective
to Hmit rotation of the curved member 84 in
this direetion. The lower end of stop member
161 is provided with another adjustable- stud
103 adapted to contact a. projecting stud 404
mounted in a boss or projection {85 on the up-
per edge and forward end of the curved con-
trol member 84, The latter elements mit
movement of the curved or arcuate control
member 84 in the other direction, as best shown
in Fig. 3.

As shown in Fig. 1, a friction wheel H I is
suitably mounted in a support, net shown, for
frictional driving contact with the pilot wheel
{4 of the locomotive, so that wheel 11 will ro-
tate as the wheel 14 turns. The wheel {11 is
resiliently mounted so as to insure driving con-
tact between this friction wheel and the pilot
wheel {4, so that the drive will be constant and
reliable, regardless of vertical vibrational move-
ment of the wheel {4. If desired, means not
shown may be provided for separating friction
wheel (11 from driving relation with wheel 14
when the locomotive is running at sustained
speed.

A flexible shaft 142 leads from the friction
wheel 11t to a commutator mechanism enclosed
in a switch box S and hereinafter referred to
broadly as being comprissd by the box S. An-
other friction wheel ({5 similar to the wheel
{i1 is supported to contact and be driven by
one of the drive wheels, for example the drive
wheel (2. This wheel may be mounted in the
same manner as wheel {{. A fiexible shaft ({6
leads from this friction wheel ({5 to the elec-
trical control or commutator mechanism repre-
sented by the switch box S.

The electrical control mechanism S is not
shown in detail herein but is preferably similar
to or identical with that described in my prior
Patent No. 2,232,752, patented February 25, 1941.
As described in said patent, the commutator
mechanism includes means for comparing the
speed of two revolving shafts and for forming
impulses, for example electrical impulses, when
the difference in speed between the two shafts
reaches an objectionable magnitude. It in-
volves the use of relatively slow-to-release elec-
trically operated relays which activate certain
electrical circuits when certain speed differen-
tials are reached, the activated circuits being
then utilized to perform control functions, as
by energizing the field windings of a control
motor which is employed to move a mechani-
cal member. In the patent referred to, such
mechanism is employed to defect differences in
rotating speeds as of the wheels of railway
equipment, and to make suitable adjustments,
as by applying sand to certain wheels to equal-
ize their effectiveness in braking. In the pres-

ent case, similar mechanism is used to open 2

valve, not shown. in detail but indieated at ¥V,
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6
Fig. 1, a suitable circut from the switch-box
S to the valve V being indicated at C.

The operation of the mechanism just described
is as follows: Assuming that the arecuate mem-~
ber 8% is in the position shown in Figs. 1 and 2,
the manual lever 65 is first moved to activate the
control cylinder 64 and move the piston rod
§2, thus putting in action the main valve mecha-
nism 34, 82, 33, 38, 38. Power is thus applied to
the drive wheels as 12 and (8 which begin fo
rotate. As long as slippage between these wheels
and the rail (not shown)- is negligible, their com-
parative peripheral speed is substantially con-
stant to that of the non-driven pilot wheel {4,
Minor differences amounting to a small percent~
age of slippage of the drivers do not affect the
operation.  Under these conditions the friction
wheels 1{{ and {15 are driven st or nearly at
the same speeds and the electrical control mecha-
nism indicated at the switch box S, and described
in detail in my aforesaid Patent No. 2,232,752,
performs no control function.

Assuming now that the drive wheels begin to
slip and lose traction, their peripheral speed
quickly becomes much greater than that of the
pilot wheel. As a result, friction wheel 115 is
driven more rapidly than friction wheel {11 and
the commutator mechanism indicated at S ener-
gizes circuit C to epen valve V and admit com-
pressed air or other motive fluid into the cylinder
84. This drives piston rod 98 rearwardly and
roeks the arcuate member 84 counterclockwise,
as seen in the drawings, to the position shown
in Fig. 3. As soon as the condition has been
corrected, the piston rod 95 is restored to its
forward position, by operating the valve mecha-
nism V to release the air which drove the piston
rearwardly, a suitable means being provided for
returning the member 84 to ils normal neutral
position. The return means may be of any de-
sired character, such as a spring, or a valve mech-
anism to admit air or other fluid to the other
end of the cylinder 94. This means is not illus-
trated or described as it is believed to be obvious
to those skilled in the art.

The operation of the entire apparatus which
constitutes the present invention may now be:
more fully understood by reference to Figs. 4 to
8, inclusive, of the drawings. In Fig. 4 a condi-
tion is represented where both the valve mecha-
nism and the arcuate control member 84 are in
their neutral positions. This represents the nor-
mal stop position when the locomotive is not
moving. TUnder the conditions shown in Fig.
4 no steam is flowing into the drive cylinder (3.

. When the lever arm 54 is moved to a forward
position, as by means of control lever 85, con-
trol cylinder 84, and piston rod 63, the arm 15
likewise moves forward, sliding pin 8§ and slide
block 82 forwardly in the arcuate slot 83 of the
control member 84. Again assuming that the
curved control member 84 is retained in its neu-~
tral position, the pin 81 and block 82 sliding for-
ward in curved slot 83 force link 85 downwardly.
This movement forces arm 5f downwardly and
arm 48, which is keyed to the same shaft 47, is
carried downwardly to move the pin 32 toward
the bottom of the slot 3f. This operates the
main valve 8% so as to drive the locomotive for-
wardly.

As long as there is no substantial slippage of
the drivers {2 and (3 with respect to the rail,
the control member 84 remains in the neutral
position shown in Figs. 4 and 5. However, when

3 the driving force applied to. the drivers exceeds:
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their adhesion to the rail, they begin to slip and
the friction wheel {15 is driven faster than fric-
tion wheel {1, as explained above. Thereupon
the commutator mechanism at 8 is activated to
operate the valve mechanism V and admit an
operating fluid, such as compressed air, into cyl-
inder 94 to rock the control member 8& rear-
wardly into its control position as shown in Fig.
6. When this occurs, the parallelogram linkage
18 and 85 is operated to raise arms bl and 45 to
neutral position even though arms £4 and 15 are
retained in the same forward positions as they
were in Fig. 5. The result is that operation of
the control member 84 shifts the radius rod 23
to or toward neutral position with respect to the
reverse link 24, ig, 1, even though the engineer
has not meved the lever £€8. The valve mecha-~
nism 3% therefore reduces the supply of steam
to main cylinder {5 and the drivers {2 and {3
are permitted to resume normal rolling contact
with the rail. As scon as this is accomplished,
the commutator mechanism S ceases to func-
tion and the control member 84 is automatically
restored to its normal neutral position by suit-
able means as mentioned above.

It should be particularly noted that the ad-
justable stops {83, 184, which limit the move-
ment of the control member 84 to control posi-
tion, may ke set so as to permif movement of
the radius rod 32 to a position other than neu-
tral with respect to reverse link 24, if desired.
By suitable adjustment a condition may be es-
tablished whereby the main cylinder is still sup-
plied with a limited flow of steam after the con-
trol member 84 has shifted to its control posi-
tion. Likewise stop {82 may be adjusted to stop
movement of member 84 toward neutral at some
point other than exact neutral.

Fig. 7 represents a condition where the con-
trols are set for normal reverse operation. The
arm 84 has been drawn to the rear of its normal
neutral position as will be seen by comparing this
figure with Fig. 4. Arm 15 likewise has moved
- rearwardly, pin 81 has slid counterclockwise with
respect to control member 84, as seen in this fig-
ure, and arms 51 and 46 have been raised to lift
the radius rod 33 toward the top of the reverse
link 24. These operations position the main valve
mechanism 39 to drive the locomotive in reverse.
The control member 84 is in its normal neutral
position or as near such position as adjustment
of stop 162 permits.

Fig. 8 represents a condition where the drive
wheels have slipped and attained an excessive
rate of speed in reverse operation, causing the
control member 84 to move to its control position,
thus moving arm 46 and its connections including
radius rod 83 tc their neutral positions. This
operation is initiated by the difference in speed
between friction wheel {i{i and friction wheel
115 and is identical with the operation deseribed
above which results when the drivers slip in for-
ward movement. In other words, slipping of the
drivers in either direction is effective to shift
the control member 8% from its neutral position,
Figs. 1, 2, 4, 5 and 7, to its control position, Figs.
3, 6 and 8.

It will be understood that the term “neutral
position” refers to the limiting position toward
neutral where the member 84 or the operating
members 45, 33 and associated parts are moved
when the commutator mechanism is activated.
The direction of motion of the locomotive makes
no difference in this respect, commutator mech-
anism S being operative alike in either direction.
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As described in my aforesaid patent, No. 2,232,752,
the differential between rotary speeds is the con-
trolling factor which is utilized to provide a de-
sired controlling impulse.

While I have described the friction wheel {1
as being applied to a2 non-driven wheel, such as
a pilot wheel, it might be applied {o a drive wheel
of another set of drivers, as for example in
locomotives of the mallet type. In such case,
a separate control member 84, with associated
mechanism, would be provided for the valve gear-
ing of each set of drivers and their drive cylinder,
so that either set of drivers might be controlled
whenever it is driven at an excessive rate of speed
with respect to the other. By this means greater
uniformity is achieved in applying driving power
to the various sets of drivers. Uniform applica-
tion of power obviously results in maximum per-
fermance and maximum economy of power, as
well as preventing injury of the character men-
tioned hereinabove, to wheels and rails.

It will also be evident that the invention is not
necessarily limited to locomotives, or to recip-
rocating engines, or to valve mechanism of the
Obviously the con-
trol mechanism might be applied to wvarious
types of motors and to various types of valve
mechanism, although the above. described ap-
plication to reciprocating steam locomotives is
considered an important one,

It will be understood also that the control
mechanism could be interposed between the
throttle lever in the locomotive cab and the
throttle valve in the steam dome, the supply
of steam in this case being directly controlled
in response to slipping of the locomotive drivers.
The invention is applicable also to the conirol
of the poppets of a poppet valve locomotive.
Both of these are considerably different from
the arrangement shown in Fig. 1, but the same
parallelogram mechanism, controlled in response
to the slipping of the drivers, is utilized.

The parallelogram mechanism itself is useful
without the control cylinder 94 and the electrical
control mechanism which operates it by con-
trolling valve V. It is thus independent of the
origin of the control and obviously could be used
with other control means than those described.
It might, for example, be. manually controlled
for some purposes. The arcuate sector and the
parallelogram arrangement thus constitutes an
important part of my invention, aside from its
specific -application to any particular machine
and independent of the particular means or man-
ner by which the control sector is moved.

Hence, while I have illustrated and described-
the preferred embodiments of my invention, it is
to be understood that these are capable of varia-
tion and modification and I therefore do not wish
to be limited to the precise details set forth, but
desire to avail myself of such changes and altera-
tions as fall within the purview of the following
claims. i

T'claim: )

1. In combination, a locomotive drive wheel,
another wheel operating independently of said
drive wheel, a cylinder for driving said drive
wheel, valve mechanism for controlling the sup-
ply of power to said cylinder, a manually oper-
ated control for said mechanism, linkage includ-
ing a flexible connection interposed between said
control and said mechanism, a movable arcuate
control member for said flexible connection, speed
comparing means associated with said drive
wheel and operable to compare the peripheral
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speeds of said wheels, and power means con-
trolled by said speed comparing means, for shift-
ing said arcuate member to alter the position of
gaid flexible connection when  the peripheral
speed of said drive wheel objectionably exceeds
the peripheral speed of said other wheel.

2. In g control linkage, the combination of a
power conhtrol member, means including a par-
allelogram linkage having one free corner con-
nection, for controlling the movement of said
member, and a slotted device for variably po-
sitioning said free corner connection and oper-
able to shift said connection and alter the effec-
tive operation of said linkage in response to a
control impulse.

3. In a power control mechanism, a primary
control arm and a secondary control arm mounted
‘on a common shaft, at least one of said arms
being freely mounted on said shaft, a link pivoted
to said first arm, another link pivoted to said
second arm, the other ends of said links being
pivoted together and a control device for varying
and controlling the position of said last named
pivotal connection, to-alter the relation between
said arms.

4. Tn a control mechanism, a primary control
arm, a secondary control arm, two links in series
connecting said arms to form with said arms an
approximate parallelogram arrangement - with
the connection between said links being relatively
unconstrained, and means for partially constrain-
ing said connection to control the relative position
of said arms, said means being effective in move-
ment to -or from another position to shift said
connection to alter the effect of said secondary
arm without a corresponding change in the po-
sition of said primary arm. o

5. In a control mechanism of the character
described, a pair of control arms relatively mov-
able with respect to each other and mounted for
movement about a common center, a pair of links
in series connecting the free ends of said arms
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connection between said links relatively uncon-
strained, and control means for constraining the
movement of said connection in certain respects,
such means being movable to vary the constrain-
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ing effect and to thereby alter the relation be-
tween said arms.

6. In a locomotive power control apparatus; a

“locomotive drive wheel, another wheel operating

independently of said drive wheel, piston and
cylinder means for driving said drive wheel, valve
mechanism in power increasing and power reduc-
ing directions for controlling the supply of power
to said piston and cylinder means, -a manually
operated control element for said valve mecha-
nism, means actuated by said manually operated
control element for governing said valve mecha-
nism and including a linkage having a flexible
connection, said flexible connection having a
normal relation in which said manual control
element; is effective through said linkage to oper-
ate said valve mechanism, and said flexible con-
nection being shiftable from said normal relation
to an actuated relation to-operate said valve
mechanism in a power reducing direction while
said manual element remains in any predeter-

‘mined set position, speed comparing means asso-

ciated with said wheels and operable to compare
the peripheral speeds of said wheels, and power
means controlled by said speed comparing means
and operable normally to maintain said flexible
connection in said normal relation and operable
to actuate said flexible connection to said actu-
ated relation when the peripheral speed of said
drive wheel objectionably exceeds the peripheral
speed of said other wheel.
’ ROSSER L. WILSON.
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