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To (t//, who), it iu?tif concer'72: 
Be it known that I, GUY ERNEST LLOYD, a 

subject of the King of Great Britain and Ire 
land, residing at Sutton, England, have in 
vented an Improved Construction of Centrifu 
gal Governors, of which the following is : 
Specification. 
My invention relates to improved means of 

adjusting the revolving springs of centrifugal 
governors, such springs as are used to apply 
centrifugal or centripetal force to the revolv 
ing balls or fliers and are carried on and re 
volve with the governor-frame; and the objects 
of my improvements are to enable the force 
exerted by such a revolving spring upon the 
flier to be easily varied at will or by an auto 
matic apparatus while running by direct con 
nection to an adjustable device which does 
not itself revolve, so that the flier may oc 
cupy the same position at different speeds, or 
to lessen the work to be done by any revolv 
ing adjustable device that may be employed 
for this purpose. The point of such a revolv 
ing spring being connected to the flier and 
free to move with it, the force exerted by it 
on the flier depends upon the displacement of 
another point in the spring; and my invention 
relates more particularly to means for effect 
ing the displacement of this second point by 
what is hereinafter termed an adjustable 
abutment. The force to be exerted at the 
abutment in order to control its position is 
in many cases too great to be easily trans 
mitted directly through a rubbing-surface, 
such as a collar on the axis, to a non-revolv 
ing adjustable device, although I am aware 
that such an arrangement has already been 
proposed; but according to my invention 
the centrifugal force of one or more suitable 
revolving masses, hereinafter termed abut 
ment-fliers, is brought into play on the re 
volving governor itself, which force is ap 
plied to act on the adjustable abutment of the 
spring in such a manner that the setting of 
the latter is very easily controlled so long as 
the governor is running at its intended speeds, 
control being applied from a non-revolving 
adjusting device or from a revolving device 
actuated, as has been proposed, by fluid-pres 

sure, friction-gear, or electric current while 
running. 
The Spring or springs used may be of any 

convenient form. Springs in which the mal 
terial is subjected to bending, such as flat, 
curved, and spiral leaf-springs, can be re 
strained at two points when a load is applied 
at a third or can be restrained at one point 
if loads are applied at two others, and with 
such springs if one point is connected to a 
flier, a second point fixed or pivoted to the 
governor r frame, a third point can be con 
strained by an adjustable abutment arranged 
according to my invention. Helical springs 
twisted round and not extended or compressed 
along their axes come under this head. 
Helical springs loaded along their axes resist 
by torsion stresses, and with such springs one 
end is connected to the flier and the other to 
the adjustable abutment. 
The arrangement of the abutment flier or 

fiers and adjustable abutment connected to it 
or them necessarily varies very much with 
the design of the governor to which my in 
vention is applied. In Some cases the abut 
ment-flier may conveniently slide in a guide 
of suitable form and may actuate the abut 
ment through a cam-shaped lever; but where 
the design permits of the simplest arrange 
ment. I usually prefer to mount, the abut 
ment-flier on a carrier pivoted to the revolv 
ing governor-frame, and the pivot preferably 
lies across the axis of the governor, so that a 
radial arm of the carrier may carry the re 
volving element of a thrust-bearing to be en 
gaged by the non-revolving element, which 
can be set at desired positions along the axis 
of rotation by hand or automatic apparatus. 

It is desirable to produce as perfect a bal 
ance as is practicable between the moment of 
the abutment force round the carrier-pivot 
and the opposing moment of the centrifugal 
force of the abutment-flier at all speeds with 
in the intended range of adjustment, so that 
the force borne by the thrust-bearing may be 
minimized. With a given spring and pivoted 
'arrier and a given position of the flier (or 
governor-ball) the positions of the carrier for 
any two speeds are fixed and the moments of 
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the abutment force round the carrier-pivot 
are known. Each of the abutment-fliers, if 
more than one are employed, require to be 
of such a mass and so located upon the car 
rier with reference to, first, its mass; second, 
the angular velocity; third, its radius of revo 
lution; fourth, the perpendicular distance 
from the carrier-pivot to the radius through 
its center, or, more strictly, to the line of the 
resultant of its centrifugal force, that the re 
sultant moments of centrifugal force, includ 
ing that of the carrier and parts connected to 
it, balance the moment of the abutment force 
round the carrier-pivot at each of two speeds 
selected as giving the best general approxima 
tion over the whole range of the adjustment. 
It is evident that by a suitable arrangement 
of cams, links, and levers the moment of the 
abutment force round the carrier-pivot may 
be made to increase, decrease, or remain prac 
tically constant over portions of the adjust 
ment, and also by suitable disposition of the 
abutment flier or fliers on the carrier the re 
sultant moment of their centrifugal force may 
be made to do likewise. Where the spring ap 
plies centripetal force to the flier, an upward 
speed adjustment involves more deflection of 
the spring and an increase in the radius of revo 
lution of the abutment-flier; but where springs 
are adjusted according to my invention they 
may act alone or with other non-adjustable 
springs or any other means of applying force to 
the fliers, such as weights or fluid-pressure, and 
then the adjustable spring may apply either 
centripetal or centrifugal force. In the latter 
case an upward speed adjustment involves less 
deflection of the spring and a decrease in the 
radius of revolution of the abutment-flier. 
Where adjustment of the spring-abutment 

is effected by moving the non-revolving ele 
ment of a thrust-bearing along the axis, so as 
to turn the carrier round its pivot by contact 
of the revolving element of the thrust-bear 
ing, it is necessary that the angle of the car 
rier should not be seriously affected by end 
play of the governor, and when necessary 
I prefer to arrange either, first, that both the 
pivot and the non-revolving part of the thrust 
bearing shall have the same end play, or sec 
ond, that the thrust-bearing has no end play 
and shall engage the end of bell-crank arm 
whose pivot has no end play, such bell-crank 
either serving as the pivoted carrier or being 
connected thereto through a link approxi 
mately in a plane normal to the axis or through 
a surface parallel to the axis, so that the 
transmission is unaffected by end play. In 
arrangement 1 the non-revolving piece bears 
on a convenient center in the governor, and 
the thrust-bearing tends toward the shaft. 
In arrangement 2 the pivot is free to abut 
against a fixed face, and the thrust-bear 
ing pulls away from the shaft. In both cases 
the abutment-flier should always either over 
come or be overcome by the abutment force 

the line M N of Fig. 1. 
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at all speeds within the range of adjustment 
sufficiently to insure constant thrust in the 
mechanism. 

Figure 1 shows a part section and part side 
elevation of a shaft-governor having a pivoted 
flier restrained by a tension helical spring 
whose abutment is on a carrier pivoted to the 
frame and is adjusted by an arm engaging a 
collar set along the axis. Fig.2 shows an end 
view of the same, the section being taken on 

Figs. 3 and 4 are 
diagrams of the forces acting on the carrier of 
Fig. 1. Fig. 1 shows the type of adjusting 
gear in which both the carrier-pivot and 
thrust bearing or collar have the end play of 
the governor. Fig. 5 is a part section and 
part side elevation of a shaft-governor having 

75 

a flier carried on the free end of a leaf-spring 
whose root is fixed to a pivoted carrier adjust 
ed by a pivoted bell-crank engaging a thrust 
collar set along the axis. Fig. 6 shows a 
cross-section on the line MN, Fig. 5. 
5 and 6 show the type of adjusting-gear in 
which neither pivot nor the thrust-collar of 
the bell-crank have the end play of the shaft. 
Fig. 7 is a similar view to Figs. 2 and 6 of a 
well-known governor having two fliers bal 
ancing each other for gravity and both re 
strained by a single compression helical spring. 
Fig. 8 shows a detail in elevation. The fore 
going figures show governors more particu 
larly adapted to actuate eccentrics or cams 
revolving with them. 
elevation, with part in section, of a type of 
governor more particularly adapted to con 
trol a non-revolving piece, such as a throttle 
valve. Fig. 10 is a modification of Fig. 6. 
In Figs. 2, 5, 6, 7, and 9 the piece to be con 

Figs. 
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Fig. 9 shows a side 
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trolled by the governor-flier is not shown; but 
an eccentric is indicated in position in Fig. 1 
by the dotted lines. It is usual in such gov 
ernors to duplicate the parts and connect them 
so that gravity is neutralized; but such dupli 
cation is omitted from Figs. 1 to 6 for the 
sake of greater clearness. 

In the different views similar parts are des 
ignated by the same characters. 

In Figs. 1 and 2, 1 is the revolving gov 
ernor-drum on the end of a shaft. 2 is the 
flier pivoted to 1 at the pin 3, constrained by 
the tension coil-spring 4 and actuating an 
eccentric 5 or other piece by means of the 
link 6. The abutment 7 of the spring is a 
pin on the carrier 8, which is pivoted to the 
drum 1 at 9. The position of the carrier is 
controlled by the bifurcated arm 10, engaged 
by the thrust-bearing 11 on a sleeve-nut 12, 
which can slide but not turn in a socket 13 
in the fixed frame or casing 14. Within the 
sleeve-nut is a screw 15, turned by the hand 
wheel 16 or by any automatic device, and 
this screw abuts against the end of the shaft 
and partakes of its end play, together with 
the pivot 9, so that the angle of 10 is not altered 
by end play. The screw may be hollow, as 

IO5 

II d 

II 5 

I 2 or 

125 

  



5 

O 

2 5 

3. 5 

O 

5 O 

5 5 

05 

781,833 

shown, so that oil may be fed from the casing 
to the nose of the screw. The abutment-flier 
is shown at 17 in three parts. 

Figs. 3 and 4 are diagrams indicating the 
balance of moments at low and at high 
speed adjustment, respectively. A is the 
force due to the pull of the spring on its abut 
ment . B is the centrifugal force of the 
abutment-flier 17, (and carrier 8.) With the 
increased angular velocity and radius of revo 
lution the increase of B in Fig. 4 over that 
in Fig. 3 is greater than the increase of A: 
but 17 being arranged so that the perpen 
dicular from 9 on to B is less in Fig. 4 than 
in Fig. 3 the moment of B is exceeded by 
that of A round 9 by the same amount in the 
two cases--as represented by C the thrust on 
the bearing 11. If the moment of A is always 
slightly greater than that of B, we have con 
stant thrust maintained in the adjusting 
mechanism; but the screw 15 should be pre 
Vented from leaving the shaft more than a 
Small amount, which it would tend to do in 
the event of racing or a broken spring. 

In Figs. 5 and 6, 1 is the revolving drum. 
2 is the flier clamped to the free end of a 
sheaf of leaf-springs, which is clamped at its 
root to the carrier 8, pivoted at 9. The flier 
actuates the piece it has to control by the link 
6. The adjustable abutment is the root 7 of 
the Spring. The position of the carrier and 
its abutment-flier 17 is controlled by the link 
1S from the bell-crank 19. The pivot 20 of 
the bell-crank can slide in the wings 21 to 
allow for end play; but it bears against a re 
Volving disk 22, rubbing against a fixed disk 
23, carried on the fixed socket 13. Through 
13 slides the screw 15, having a collar 11 bear 
ing against the disk 24, which revolves with 
and abuts on the end of the bell-crank arm. 
The hook 25 prevents the bell-crank moving 
away from the collar 11 in the event of rac 
ing, and the wheel 16 is prevented from mov 
ing away from the frame 14. The boss of 
the wheel 16 forms the nut through which 
the screw is drawn. The groove in the top 
of the Screw engages a feather in the socket 
13, which prevents it from turning, and the 
groove forms an oil-channel to the collar 11. 
Since the link 18 is practically always in a 
plane normal to the arms, relative axial play 
at the inner end does not produce radial dis 
turbance at the outer end on the carrier con 
sequent on end play of 1 and 17. 

In Fig. 7 the two fliers 2 are pivoted at 3 
and their arms connected together, through a 
link 26, to one end of a compression coil-spring 
4, whose abutment 7 is a washer free of the 
link 26 and whose position is determined by 
a lever extension of the pivoted carrier 8, piv 
oted at 9 and carrying the abutment-flier 17, 
the adjustment being effected from an axially 
adjusted thrust-bearing 11 by a bell-crank 19. 
The link 6 connects the fliers to the piece to 
be controlled by them, 

3. 

Fig. S shows a part section and part side 
elevation of the bell-crank 19, which is bifur 
cated, the bearing 11, which engages it, and 
a section of the carrier S, controlled by it. 

In Fig. 9 the two symmetrically-disposed 
fliers 2 are pivoted at 3 and move in a plane 
containing the axis, and radial arms engage 
an axially-movable sleeve 27, sliding on the 
socket 13, which is fixed to the frame 14. 
Each flier is restrained by a leaf-spring 4, 
formed in a spiral, the inner end being fixed 
in the pivot 9, which passes through the side 
plates of the revolving frame 1, the bearer of 
which is shown removed for clearness. On 
the outside of each plate is a carrier S, bear 
ing an abutment-flier 17, and an arm 10, 
engaging a yoke 28, which guided in the side 
plates is pressed toward the shaft by the nose 
of the screw 15, threaded through the fixed 
spindle or socket 13, this illustrating a case 
where end play is supposed to be unimpor 
tant. By means of a bell-crank (indicated at 
29) this governor may actuate a non-revolv 
ing piece, such as a throttle-valve. 

It should be understood that the arrange 
ments illustrated are chosen as simple exam 
ples of types, but that many modifications 
may be made in order to comply with the exi 
gencies of design. For example, if it is not 
convenient to place the pivoted carrier 8 so 
that the adjustable abutment can form one 
part of it, the axially-controlled arm another 
part, and the abutment-flier another part it 
may be replaced by a similarly-pivoted bell 
crank in one part having a radial arm engag 
ing the axially-adjustable thrust-bearing and 
the other arm linked to the adjustable abut 
ment, which in its turn may be connected to 
the abutment-flier, mounted in yet another 
convenient part of the governor, and the con 
nections may in some cases be advantageously 
arranged with leverages which vary as the ad 
justment progresses in order to produce the 
final result sought-viz., that the resultant 
of the forces acting on the adjusting mechan 

able abutment and the adjusting-flier shall be 
as small as is convenient. Thus Fig. 10 shows 
a modification of Fig. 6, in which the spring 
4 is rigidly clamped at the root and deflected 
between the root and flier by an adjustable 
abutment T. linked to a carrier 8, pivoted at 
9 and bearing an abutment-flier 17. Here 
the leverage of the centrifugal force of 17 
varies but little; but the leverage of the link 
to the abutment varies greatly, so that the 
resultant moment on the carrier and the ad 
justing-gear is small. 

It should be remembered in reference to the 
desirableness of keeping the adjusting-gear 
in constant thrust, and yet that thrust a mini 
mum, that uneven rotation causes the inertia 
of the abutment-flier to act with slightly-va 
rying force on the adjusting-gear when its 
pivot or its guide is arranged so that it moves 
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in a plane not containing the axis of revolu 
tion. 

I am aware that it has before been proposed 
to adjust revolving coil-springs by a bell-crank 
taking onto a non-revolving axially-adjustable 
collar, and I therefore do not claim such an 
arrangement when not combined with a cen 
trifugal mass which shall relieve the said col 
lar of most of the Spring load when running: 
but 
What I do claim, and desire to secure by 

Letters Patent, is 
1. In a centrifugal governor a flier con 

nected to the part to be controlled, a spring 
revolving with and acting on said flier, an 
abutment acting on said spring and revolving 
there with, and an adjusting device adapted to 
control said abutment while revolving, incom 
bination with a revolving mass or abutment 
flier acting on said abutment in opposition to 
said spring, substantially as described. 

2. In a centrifugal governor, a flier con 
nected to the part to be controlled, a spring 
revolving with and acting on said flier, an 
abutment acting on said spring and revolving 
there with, a thrust-bearing adapted to control 
Said abutment by motion along the axis of 
revolution and an adjusting device controlling 
said thrust-bearing, in combination with a re 
volving mass or abutment-flier acting on said 
abutment in opposition to Said spring sub 
stantially as described. 

3. In a centrifugal governor a flier con 
nected to the part to be controlled, a tension 
helical spring revolving with and acting on 
Said flier, an abutment acting on said spring 
and revolving with it and an adjusting device 
adapted to control said abutment while revolv 
ing, in combination with a revolving mass or 
abutment-flier acting on said abutment in op 
position to the said spring substantially as 
described. - 

4. In a centrifugal governor, a flier 2 con 
nected to the part to be controlled, a tension 
helical spring 4 revolving with and acting on 
Said flier, in combination with a carrier 8 piv 
oted on the revolving governor-frame 1, an 
abutment 7 borne on said carrier and acting 
on said spring, a revolving mass or abutment 
flier 17 borne on said carrier and acting on it 
in opposition to Said spring, a thrust-bearing 
borne on said carrier, and an adjusting device 
adapted to control said thrust-bearing along 
the axis of revolution substantially as de 
scribed. 

5. In a centrifugal governor the combina 
tion of a flier connected to the part to be con 
trolled, a leaf or plate spring revolving with 
and acting on Said fier, an abutment acting 
on said leaf-spring and revolving there with, 
and an adjusting device adapted to control 
said abutment, with a revolving mass or abut 
ment-flier acting on Said abutment in opposi 
tion to said Spring Substantially as described. 

6. In a centrifugal governor, a flier 2 con 
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nected to the part to be controlled, a leaf or 
plate spring 4 revolving with and acting on 
said flier, in combination with a carrier 8 
pivoted on the revolving governor-frame 1, 
an abutment 7 borne on said carrier and act 
ing on the said spring, a revolving mass or 
abutment-flier 17 borne on said carrier and 
acting on it in opposition to said spring, a 
thrust-bearing, a revolving bell-crank and 
link connecting said thrust-bearing with said 
carrier and an adjusting device adapted to 
control said thrust-bearing along the axis of 
revolution substantially as described. 

7. In a centrifugal governor a flier 2 con 
nected to the part to be controlled, a leaf or 
plate spring revolving with and acting on the 
said flier, in combination with a carrier 8 
pivoted on the revolving governor-frame 1, 
an abutment 7 connected to said carrier by a 
link and acting on said spring, a revolving 
mass or abutment-flier 17 borne on said car 
rier 8 and acting on it in opposition to said 
spring, a thrust-bearing, a revolving bell 
crank and link connecting said thrust-bearing 
with said carrier 8 and an adjusting device 
adapted to control said thrust-bearing along 
the axis of revolution substantially as de 
scribed with reference to Figs. 5, 6, and 10. 

8. In a centrifugal governor, a flier con 
nected to the part to be controlled, a compres 
sion helical spring revolving with and acting 
on said flier, an abutment acting on said 
spring and revolving with it and an adjusting 
device adapted to control said abutment while 
revolving, in combination with a revolving 
mass or abutment-flier acting on said abut 
ment in opposition to Said spring substan 
tially as described. 

9. In a centrifugal governor, a flier 2 con 
nected to the part to be controlled, a compres 
sion helical spring revolving with and acting 
on said flier, in combination with a carrier 8 
pivoted on the revolving governor-frame 1, 
an abutment borne on said carrier and act 
ing on said spring, a revolving mass or abut 
ment-flier 17 borne on said carrier and acting 
on it in opposition to said spring, a thrust 
bearing, a revolving bell-crank connecting 
said carrier and said thrust-bearing, and an 
adjusting device adapted to control Said 
thrust-bearing along the axis of revolution 
substantially as described. 

10. In a centrifugal governor the combina 
tion of two fliers connected to the part to be 
controlled, a single spring revolving with and 
acting on the said two fliers, an abutmentact 
ing on said spring, and revolving there with, 
and an adjusting device adapted to control 
said abutment, with a revolving mass or abut 
ment-flier acting on said abutment in opposi 
tion to said spring substantially as described. 

11. In a centrifugal governor the combina 
tion of a revolving adjustable spring-abut 
ment 7, a revolving mass or abutment-flier 17 
acting on it, a bell-crank 19 having one arm 
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connected to said abutment and pivoted on the 
revolving governor-frame 1, a thrust-bearing 
11 in the axis of revolution connected to the 
other arm of said bell-crank, and an adjusting 
device not revolving with the governor but 
abutting on the revolving governor-frame and 
adapted to control said thrust-bearing 11 sub 
stantially as described. 

12. In a centrifugal governor, the combina 
tion of a revolving adjustable spring-abut 
ment 7, a revolving mass or abutment-flier 17 
acting on it, a bell-crank 19 having one arm 
connected to said abutment, an axially-adjust 
able thrust-bearing connected to the other arm 
of said bell-crank, the said bell-crank being 
mounted on a pivot 20 transverse to the axis 
of revolution, wings 21 on governor-frame 
adapted to control said pivot transversely to 
axis, a fixed disk 23 adapted to control said 
pivot parallel to axis of revolution, and an 
adjusting device not revolving with governor, 
and abutting on a fixed part and adapted to 
control said thrust-bearing 11 substantially as 
described. 

13. In a centrifugal governor, a flier, con 
nected to the part to be controlled, a leaf or 
plate spring revolving with said flier formed 
in spiral, the outer end attached to said 

S 

flier, an abutment acting on the inner end of 
said spring and revolving there with, and an 
adjusting device adapted to control said abut 
ment in combination with a revolving mass or 
abutment-flier acting on said abutment in op 
position to said spring, substantially as de 
scribed. 

14. In a centrifugal governor the combina 
tion of a flier 2 pivoted on the frame 1, a sleeve 
27 engaged by an arm on said flier and revolv 
ing with it, a fixed socket 13 lying in the axis 
of revolution within said sleeve, a spiral leaf 
spring 4 whose outer end acts on said flier, an 
abutment 7 on a pivot 9 acting on said spring 
and revolving there with, a carrier S attached 
to said pivot and abutment, an adjusting de 
vice adapted to control said carrier and abut 
ment at a point in the axis of revolution, and 
a revolving mass or abutment-flier 17 acting 
on said carrier in opposition to said spring, 
substantially as described. 

In testimony whereof I have signed my name 
to this specification in the presence of two sub 
scribing witnesses. 

(UY E. LLOY). 
Witnesses: 

L. W. BROCK, 
W. E. LLOYD. 
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