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APPARATUS RESPONSIVE TO OVERSPEED 
AND ACCELERATION CONDITIONS 

Hubert F. Sparrow, Minneapolis, Minn., assignor 
to Minneapolis-oneywell Regulator Company, 
ISinneapolis, Minn., a corporation of Delaware 

Original application February 22, 1943, Serial No. 
476,797. Divided and this application Decem 
ber 5, 1946, Serial No. 714,219 

Caias. 
1. 

The present application is a divisional applica 
tion of my eo-pending application for Control 
apparatus, Serial No. 476,797, filed February 22, 
1943, now Patent No. 2,477,668, issued August 2, 
1949. This co-pending application is directed to 
a system to control the discharge pressure of an 
exhaust driven turbine compressor associated 
with an internal combustion engine. In this Sys 
tem, it is desirable to provide some apparatus 
'which will limit the speed and acceleration of the 
turbine in order to prevent malfunction of the 
system. My present invention is directed toward 
apparatus of this type which will give an indica 
tion to the control system of the amount of a C 
celeration or overspeed present at the turbine 
compressor so that the system may apply cor 
rective action to that condition to prevent damage 
to the turbine or the internal combustion engine. 
As it is desirable to limit the rate of increase in 

the discharge pressure of the turbine compreSSOr, 
it is necessary to limit the acceleration of the coin 
pressor as the rate of change of discharge pres 
sure is a function of turbine acceleration. With 
my present invention it is possible to give an in 
dication to the control system which Will cause 
a change in the amount of exhaust gas used to 
drive the compressor and thereby limit accelera 
tion to a predetermined safe value, 
When a condition of overspeed results in an 

exhaust driven turbine compressor there is dan 
ger of the turbine being damaged due to the Cen 
trifugal forces acting upon it. With the Subject 
apparatus connected in the control System of my 
aforementioned co-pending application it is pos 
sible to change the power supplied to the turbine 
and decrease its speed and prevent the existence 
of a dangerous condition. 

Inasmuch as a condition of overSpeed and ex 
cess acceleration are both the result of excess 
motivating power supplied to the turbine con 
pressor it is desirable to provide a single indica 
tion to the control circuits, as are shown in my 
co-pending application, to decrease that excess 
power by an amount called for by the subject ac 
celeration and overSpeed apparatus, 
Although my apparatus is directed toward a 

specific control system it will be obvious to those 
skilled in the art that this apparatus may be ap 
plied to any device where it is necessary to control 
acceleration and velocity. 

It is therefore an object of the present in Ven 
tion to providesan apparatus.that is modulatingly 
responsive to a condition of acceleration. 
A further object of the present invention is to 

provide an apparatus that is modulatingly re 

(C1, 201-48) 
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Sponsive to the velocity of a rotating shaft. Once 
a predetermined velocity has been reached. 
Another object of the present invention is to 

provide a device with a single controller to in 
is dicate a condition of acceleration or overspeed. 

A still further object is to provide an accel 
eropheter having a mass resiliently mounted on 
a rotating shaft such that the rate of change of 
the velocity of the rotating shaft will cause a dis 

{} placement of the mass according to the magnitude 
of that rate of change and further means re 
sponsive to the speed of the shaft for causing dis 
placement of the mass independently of the rate 
of change of the velocity. 

5 Other objects and advantages of the present 
invention will become apparent from a considera 
tion of the appended specification, claims and 
dra Wings, in which: 

Figure l illustrates a cross sectional elevation 
20 of the acceleration and overspeed apparatus 

showing in detail the general construction of my 
invention. 

Figure. 2 is a cross sectional view taken along 
the line 2-2 of Figure 1, looking in the direction 

5 of the arrows. 
Figure 3 is a cross sectional view taken along 

the line 33 of Figure 1, looking in the direction 
of the arrows, 

Referring now to Figure 1, there is shown the 
30 apparatus of the present invention that could be 

Connected to an exhaust driven turbine com 
preSSOraS shown in my parent co-pending appli 
cation, by an elongated shaft , provided with 
a key at its lower end, for operative engage 

35 ment with an extension on a turbine shaft, not 
shown, whose speed and acceleration must be con 
trolled. The shaft to passes through a protecting 
sleeve d2, and is journaled in bearings 3 and 4 
at the opposite ends of the sleeve 2. The upper 

40 end of the sleeve 2, as it appears in the drawing, 
is threaded on its outer surface for engagement 
with internal threads in an aperture located cen 
trally of a generally cylindrical housing 5. A 
set screw 16 is provided to lock the housing 5 

45 on the sleeve t2. 
Within the housing E5 a generally cylindrical 

mass T is rotatably mounted on the shaft to by 
means of a bearing 8. The mass 7 has a cen 
tral cup-shaped recess in its upper surface, on 

50 the bottom of which is a disk 9. The disk 9 is 
provided with a pair of arcuate slots 20, which 
are diametrically spaced. A pair of screws 2 pass 
through the slots 20 and threadedly engage holes 
in the massif. The construction is such that the 

55 disk is may be rotated relative to the mass f. 
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to an extent determined by the length of the slots 
20, and may be locked in any angular position 
Within its range of movement by tightening the 
Screws 2. 
The disk 9 is provided with an aperture near 

its Center to receive one end of a coil spring 
22, which encircles a sleeve 23 of insulating ma 
terial fixed on the shaft 0. The other end of 
the coil spring 22 engages a suitable aperture in 
the sleeve 23. The Spring 22 resiliently con 
nects the shaft 9 and the mass 7, so that as 
long as the shaft rotates at a constant speed, 
the maSS likewise rotates at the same con 
Stant Speed. Upon acceleration or deceleration 
Of the Shaft 9, the mass 7, because of its in 
ertia, does not change its speed as fast as the 
Shaft 9, and the mass 7 therefore changes its 
angular position relative to the shaft O. ihe 
Spring 22 permits Such a change in the rela 
tive angular positions of the shaft 0 and the 
mass 7. 
On the upper surface of the peripheral shoul 

der of the maSS is mounted an annular insu 
lating member 24. Molded in the upper Surface 
of the insulating member 24, at its inner pe 
riphery, is a Semi-circular SlideWire resistance 
element 25. Diametrically opposite the resist 
ance 25, and molded in a similar manner in the 
upper Surface of the insulating member 24, is 
a contact member 26. One end of the contact 
member 26 may be in direct electrical contact 
With one end of the resistance element 25, as 
indicated at 65 in Figure 2. The opposite end 
of the contact member 26 is electrically separated 
from the opposite end of resistance 25 by means 
of an insulating Spacer 27. If the resistance 25 
is to be used as a potentiometer l'esistance, rather 
than a rheostat resistance, both ends of the re 
Sistance 25 Should be insulated from correspond 
ing ends of the contact member 26. 
The insulating member 24, the resistance 25, 

and the contact member 26 are fixed to the maSS 
by means of screwS 28, which pass through 

flanged insulating Sleeves 29, and through aper 
tures in the insulating member 24 into threaded 
engagement. With the maSS . Portions of the 
flanges on the sleeves 29 Overlie portions of the 
contact member 26, the resistance 25, and the 
insulating member 24, holding them fixed in po 
Sition on the mass . 

Fixed on the shaft to above the insulating 
sleeve 23 is an insulating sleeve 30. Outside the 
sleeve 39 is a second sleeve 3, of electrically 
conductive material. The sleeve 3 has a por 
tion of Wide diameter, Which serves as a current 
conducting Slip ring and a portion of reduced 
diameter which Serves to electrically connect the 
slip ring with a plate 32, of electrically conductive 
material. The plate 32 is apertured to receive 
the lower end of the sleeve 30, and is thereby 
fixed for rotation with the shaft O. Outside the 
reduced lower portion of the conductive sleeve 
3 is a flanged sleeve 33 and in electrically con 
ducting contact With slip ring 34, is an electri 
cally conductive plate 35, which is apertured to 
receive the sleeve 33, and is held thereby in fixed 
relation with the shaft 0. 
A contact member 36 of electrically conductive, 

flexible material is loosely carried by but insu 
lated from the shaft O between the plate 32 
and the upper end of sleeve 23 which may be of 
insulating material. The contact member 36 is 
insulated from both the Shaft 0 and the sleeve 
23. The plate 32 has an offset portion 3. That 
portion of the plate 32 connecting the offset por 
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4. 
tion 3 with the main body of the plate is aper 
tured, as indicated at 38 in Figure 2, to permit 
the contact member 36 to pass through. The 
aperture 38 is wider than the contact 36 so that 
a certain amount of lost motion is permitted be 
tWeen contact member 36 and plate 32. The ex 
tremity of contact member 36 is downwardly 
convex, so as to provide a suitable surface for 
Sliding along the resistance 25. Diametrically 
opposite the end of contact member 36 which 
engages resistance 25, the contact member 36 
carries a second contact member 39. The con 
tact member 39 is insulatingly supported on the 
Contact member 36, as indicated at 40. The con 
tact member 39 is electrically connected to the 
conductive plate 35, by means of a pig tail con 
nection 4. Similarly, the contact member 36 
is connected to the conductive plate 32 by a pig 
tail connection 42. 
From the foregoing description, it should be 

apparent that the contact member 26 is elec 
trically connected through contact member 39, 
pig tail connection 4, and plate 35 to slip ring 
3. On the other hand, the resistance element 
25 is electrically connected through contact mem 
ber 36, pig tail connection 42, and plate 32 to 
Slip ring 3. At any instant, the angular posi 
tion of contact members 36 and 39 is deter 
mined by the angular position of shaft O. The 
angular position of resistance 25 with respect to 
contact member 36 is determined by the angu 
lar position of mass 7 with respect to shaft O, 
Which is a measure of the acceleration or de 
Celeration of the shaft 0. Therefore, it will be 
Seen that a variable portion of resistance 25 is 
Connected between the Slip rings 3 and 34, de 
pending upon the angular acceleration of the 
shaft O. 
The various sleeves 30, 3, 33 and 34 and the 

plates 32 and 35 are held in assembled relation 
on the Shaft by an insulating plate 43, a washer 
44 and a nut 45. 
The inner Surface of the lower portion of cas 

ing 5 is provided with a lining 46 of cork or 
Other Suitable friction material. Diametrically 
Opposite portions of the mass are cut away to 
receive a pair of WeightS 47. As indicated in 
Figure 3, each weight 47 is carried at the end 
of an elongated flexible guide member 48, which 
closely engages the surface of mass 7 for ap 
proximately one-fourth of its periphery. The 
Opposite end of the member 48 is fixed to the 
maSS 7 by Screws 49, shown in Figure 3. 
A Screw 50 passes through a center aperture 

in each of the weights 47, a registering aper 
ture in the flexible member 48, and a register 
ing aperture in the mass 7. A nut 5 carried 
by each screw 50 holds one end of one of a pair 
of tension Springs 52. The other end of each 
of the tension Springs 52 is hooked through a 
suitable aperture in a floating ring 53. The aper 
tures in the ring 53, which receive the ends of 
the Springs 52, are diametrically spaced. 
The weights 4 are free to move radially of the 

shaft to, but are restrained from such movement 
by the Springs 52. When the velocity of the 
shaft 0 reaches a predetermined value, which 
is established by the tension of springs 52, the 
WeightS 47 are moved outwardly against the 
SpringS 52 by the Centrifugal force acting on 
them. When this occurs, the weights 4 engage 
the friction Surface 46, thereby applying a brak 
ing torque to the maSS , and changing the 
angular position of the mass relative to that 
of shaft 0 in the same manner as if the rela 
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tive angular positions of the mass T and shaft 
it had been changed by an acceleration of the 
shaft G. Therefore, it may be seen that the 
amount of resistance connected between the slip 
rings 3 and 34 depends not only upon the ac 
celeration of the shaft O, but on its velocity 
after that velocity reaches a predetermined 
value. . . . 

A pair of brushes 54 and 55, each of which is 
composed of a plurality of flexible fingers, en 
gage the slip rings 3 and 34, respectively, The 
brush 54 is supported on an insulating block. 56 
attached to the side of casing 5 by means of a 
screw 57. The block 56 also carries a conducting 
strip 58, which is permanently held in electrically 
conductive relation with the brush 54. The 
strip 58 has a portion which extends inwardly 
'from the block 56 toward the center of the cas 
ing. 5. Similarly, the brush 55 is supported on 
a block 59, and held in electrically conducting 
relation with a conductor strip 6). The casing 
f5 is provided with a cover 6, which may be at 
tached thereto by any suitable means, not shown. 
The cover carries at its center portion an in 
sulating plate 2 in which are suitably fastened 
'a pair of electrical connector pins 63 and 64, of 
conventional form. The inner ends of the pins 
63 and 64 are adapted to engage the conductor 
strips 58 and 60 when the cover 6 is in place on 
the casing 5. 

It may now be seen that by connecting the 
electrical connector pins 63 and 6 to an appro 
priate circuit it will be possible to utilize the 
varying resistance, as measured by the relative 
position of the contact member 36 and the re- 5 
sistance element 2, in controlling the power 
supplied to the rotating shaft . 

In other words, I have provided in my inven 
tion a method of varying a resistance modulat 
ingly in accordance with the annount of accelera 
tion or overspeed of a rotating shaft. 
While I have shown a preferred embodiment 

of my invention, it will be readily understood 
that modifications thereof will readily appear to 
those skilled in the art, and I therefore Wish to 
be limited only by the scope of the appended 
claim.S. 

I claim as my invention: 
1. Control apparatus, comprising in combia 

tion, a rotatable shaft, inertia, means including : 
a mass resiliently supported on said shaft for 
limited angular movement with respect thereto 
upon acceleration thereof, a first control member having a fixed angular-position with respect to 

control member movable with said means, and 
control means radially movable with respect to 
said shaft and modulatingly responsive to 
the relative angular positions of said control 
nenberS. 

2. Control apparatus, comprising in combina 
tion, a rotatable shaft, first inertia means in 
cluding a mass resiliently Supported on Said 
shaft for limited angular movement with respect 
theireto, Second inetia, neans including a na SS 
resiliently centered about said Shaft for radial 
movement with respect thereto and adapted to 
cause angular displacement of Said first inertia 
means with respect to said shaft, said Second 
means being radially slidable with respect to said 
first means, and control means modulatingly re 
sponsive to the diametrical positions of said first 
and Second inertia, means with respect to said 
shaft. 

3. Control apparatus, comprising in combina 

said shaft and rigidly attached thereto, a second 

5 
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S 
tion, a housing for said apparatus, a rotatable 
shaft extending through a wall of said housing, 
first inertia means within said housing includ 
ing a mass resiliently supported on said shaft 
for limited angular movement with respect 
thereto, Second inertia, neans within Said hous 
ing and mounted within said first inertia means 
and Supported thereby for radial movement with 
respect thereto, control means, and means con 
necting Said first and second inertia means with 
Said control means to modulatingly operate said 
Control means in accordance with the resultant 
'of the diametrical positions of said first and sec 
ond inertia, means with respect to said shaft. 

4. Control apparatus, comprising in combina 
tion, a housing for said apparatus, a rotatable 
shaft extending through a wall of said housing, 
first inertia means within said housing includ 
ing a first mass resiliently Supported on said 
shaft for limited anglar movement with re 
spect thereto, a first control device within said 
housing and rigidly coinected to said shaft and 
means for operation in accordance with the rela 
itiye movements thereof, second inertia, means 
within said housing including a second mass 
*resiliently Supported within said first inertia, 
'meals for radial movement with respect thereto, 
a second control device within said housing and 
mechanically connected to said shaft and second 
mass for operation in accordance with the rela 
tive movements thereof, and means connecting 
Said first and second control device to produce a 
control effect varying in accordance with the 
resultant of the diametrical positions of Said 
first aid second inertia, means with respect to 
Said shaft. 

5. Control apparatus, comprising in colnbira 
'tion, a housing for said apparatus, a totatable 
'shaft extending through a Wall of said hellsig, 
first inertia, means within Said housing includi 
ring a naSS resiliently Supported on Said shaft, 
for limited angular movement with respect 
thereto, Second inertia, means Within Said hous 
ring and resiliently mounted within said first in 

5 5 
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ertia, means and supported thereby for radial 
movement with respect thereto, movable control 
meaniS Within Said casing, and means mechani 
cally connecting said first and second inertia, 
snears With said control means to nodulatingly 
operate said control: means in accordance With 
the resultant of the diametrical positions of Said 
'first and Second inertia, means with respect to 
said shaft. 

6. Control apparatus, comprising in combina 
stion, a housing for said apparatus, a rotatable 
shaft extending through a Wall of Said housing, 
first inertia, means within Said housing including 
a first mass resiliently supported on said shaft 
for limited angular movement with respect there 
to, Said mass extending close to the internal Sur 
face of Said housing but spaced therefrom, Sec 
Ond inertia, means within Said housing including 
a second mass resiliently Supported within Said 
first maSS for radial movement OutWardly there 
from into engagement with said housing, a first 
control member having a fixed angular position 
with respect to said shaft rigidly attached there 
to, a second control member movable with said 
first mass, and control means modulatingly re 
sponsive to the relative angular positions of said 
control members. 

7. Control apparatus, comprising in combina 
tion, a housing for Said apparatus, a rotatable 
shaft extending through a wall of said housing, 
first inertia means within said housing including 
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a first mass l'esiliently supported on said shaft 
for limited angular movement with respect there 
to, said mass extending close to the internal Sur 
face of Said housing but Spaced therefrom, Second 
inertia means within Said housing including a 
second mass resiliently supported on Said first 
mass for radial movement outwardly therefrom 
into engagement with said housing, a first control 
member having a fixed angular position with 
respect to said shaft and rotating therewith, and 
a second control member movable with Said first 
mass, one of said control members comprising an 
elongated electrical resistance element, and the 
other of said control members comprising an 
electrical contact slidable along said resistance 
element. 

8. Control apparatus, comprising in combina 
tion, a rotatable shaft, inertia, means including a 
mass resiliently supported on Said shaft for lim 
ited angular movement with respect thereto upon 
acceleration thereof, a first control member hav 
ing a fixed angular position with respect to said 
shaft, and a second control member movable with 
said mass, one of said control members compris 
ing an elongated electrical resistance element, 
and the other of Said control members compris 
ing an electrical contact slidable along said re 
sistance element. 

9. Control apparatus, comprising in combina 
tion, a substantially cylindrical housing for Said 
apparatus having a braking Surface, a rotatable 
shaft extending through One end of Said housing, 
first inertia means within Said housing including 
a hollow, Substantially cylindrical maSS closely 
spaced from said housing and resiliently Sup 
ported on said shaft for limited angular move 
ment with respect thereto, Said maSS having a 
pair of diametrically spaced, ladially extending 
openings therethrough, Second inertia means 
within Said housing including a pair of masses 
movable within Said openings, means biasing Said 
pair of masses to positions within Said cylindrcal 
maSS, Said biasing means comprising an annular 
member Surrounding Said shaft and Spaced 
therefrom and a pair of tension Springs con 
nected between diametrically opposite points on 
Said annular member and Said pair of masses, 
said maSSes being adapted to move against Said 
biasing means under the influence of centrifugal 
force outwardly through Said openings and into : 
engagement With the braking Surface of Said 
housing, thereby braking said cylindrical mass 
and causing relative movement thereof with re 
spect to said shaft, and control means carried by 
Said Shaft and Said cylindrical mass responsive : 
to the relative angular positions of Said shaft 
and said cylindrical mass. 

10. Control apparatus, comprising in combina 
tion, a Substantially cylindrical housing for said 
apparatus, a rotatable shaft extending through 
One end of Said housing, first inertia means with 

25 

10 

15 
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S 
in said housing including a first mass closely 
spaced from Said housing and resiliently sup 
ported on said shaft for limited angular move 
ment with respect thereto, said mass having a 
pair of diametrically spaced, radially extending 
Openings therethrough, Second inertia means 
Within Said housing including a pair of masses 
movable within Said openings, means biasing said 
pair of masses to positions within said first mass, 
Said maSSes being adapted to move against said 
biasing means under the influence of centrifugal 
force outwardly through said openings and into 
engagement with Said casing, means for guiding 
each of Said pair of masses comprising an arcuate 
Strip of flexible material attached at one end to 
Said first maSS and at the other end to one of 
Said pair of masses, and control means respon 
Sive to the relative angular positions of said shaft 
and Said first maSS. 

ll. Control apparatus, comprising in combina 
tion, a Substantially cylindrical housing for said 
apparatus having a braking surface, a rotatable 
shaft extending through one end of said housing, 
first inertia means within said housing including 

5 a hollow, Substantially cylindrical mass closely 
Spaced from Said housing and resiliently sup 
ported on Said shaft for limited angular move 
ment with respect thereto, said mass having a 
pair of diametrically spaced, radially extending 
openings therethrough, second inertia means 
Within Said housing including a pair of masses 
movable within Said openings, means biasing said 
pair of masses to positions within said cylindrical 
maSS, Said masses being adapted to move against 
Said biasing means under the influence of cen 
trifugal force OutWardly through said openings 
and into engagement with the braking surface 
of Said housing, thereby braking said cylindrical 
mass and causing relative movement thereof with 
respect to Said shaft, and control means respon 
Sive to the relative angular positions of said shaft 
and Said cylindrical mass. 

HUBERT T. SPARROW. 
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