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l 
The present invention relates to carburetors 

for internal combustion engines and the like, and 
more particularly to a carburetor of the iioatless 
type. - 

An object of the present invention is to provide 
a carburetor of simplified construction and hav 
ing improved performance and economy. 
A further object of the invention is to provide 

a carburetor having a pressure-responsive air in 
let valve of improved operating chracteristics. 
A further object is to provide an improved 

means for damping vibration of the air inlet 
valve. 

Further objects and advantages of the inven 
tion will be apparent from the following descrip 
tion, taken in connection with the appended 
drawings, showing one practical form in which 
the invention may be embodied, but which are 
to be taken in an illustrative rather than a limit 
ing sense. In the drawings:  

Figure l is a partial vertical section taken along 
the line I-I of Figure 4, of a device embodying 
the invention. 

Figure 2 is a vertical section taken along the 
line 2-2 of Figure 1 and viewed in the direction 
of arrow. 

Figure 3 is a vertical section taken along the 
line 3-3 of Figure 4. 

Figure 4 is a plan view taken from the top. 
Figure 5 is a partial section taken on line 5-3 

o! Figure 2 and viewed in the direction of arrow. 
Referring to Figure 1 a perpendicular generally 

tubular conduit I2 is provided at its lower end 
with a ilange Il and holes I3 and I3’ for attach 
ment in the usual manner to the intake manifold 
of an internal combustion engine. 

Said conduit I2 is further iîtted adjacent its 
outlet or lower end with a shaft I5 (operating 
between stops not shown and an adjustable stop 
for closure also not shown) said shaft i3 carry 
ing the butterfly valve I3, said assembly forming 
the manually controlled throttle whereby iiow of 
fuel mixture to the engine is regulated. Adja 
cent the left hand edge of butterfly valve I3 is 
the threaded inlet I1 for control of th'e spark in 
the usual well known manner. 
The upper or inlet end of conduit I2 is fitted 

with an enlarged bore 13. said enlargement being 
plainly shown in Figure 3, and it should be noted 
that said enlargement occurs only on the left 
side of the conduit as viewed in Figure 3, while 
the right side of the conduit remains straight. 
Atapered shoulder lill connects the bore 'I3 with 
the remainder of the conduit I2, for a purpose 
to be described. 
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In spaced relationship with the enlarged bore 

18 and oiï center to the left as viewed in Figure 
3, is the shaft I3 .carrying the butterñy valve Il, 
said butterily valve Il being eccentric relative to 
the conduit I2 so that pressure from the top (as 
viewed in Figure 3) will cause the butterñy and 
shaft to rotate in a clock-wise direction. 
Atttached to shaft Il is an angular vane 20 

of the same general contour as the right half of 
butteriiy I3 (as viewed in Figure 3) , said vane 20 
functioning to maintain substantial closure along 
the right hand wall of conduit I2 until the but 
terily I3 in going from the fully closed towards 
the open position has moved through approxi 
mately 20 degrees of travel. 
Somewhat above the level of butteri'ly I3, when 

in the closed position, and on the left side of 
conduit i2 as viewed in Figure 3, is the fuel jet 
2i projecting into the conduit I2, said fue] jet 2i 
being in communication with vertical hole 22 
formed within upper housing 23. A slot 2l is 
formed in the periphery of left hand edge of but 
teriiy I9 to permit said butteily to pass fuel jet 2 I. 
A vertically elongated box 26, Figures 1, 2 and 

4, is formed integral with housing 23, said box 25 
being sealed on its outer face by cover 23, said 
cover 26 being attached by means of bolts 21 and 
21'. 
As viewed in Figure 2 the shaft I3 extends out 

of conduit I2 and through box 25 to a point ad 
jacent cover 26. at which point the end of shaft 
I3 is provided with a horizontal bore in which 
seats the conical head 3|) of a stud 2B. thus form 
ing a substantially frictionless bearing. 

Securely attached to the shaft I l, as viewed 
in Figure l, is cam 33; said shaft IB, butterfly I3 
and, therefore, cam 33, being held in their far 
thermost closed position by the extension spring 
23, as shown in full lines in Figure 3. 
As shown in Figures l and 2, a shaft 3l is 

mounted in a suitable bore within housing 23 at 
a point considerably below sh'ait I l. Attached to 
said shaft 3l is a lever 32 extending angularly 
upward in box 23 and having a lug 33 formed on 
its upper end, said lug 33 abutting the adjusting 
screw 3l, said screw 34 being held in adjustment 
by compression spring 3l, the assembly so formed 
being adapted to rotate the shaft 3l for adjust 
ment purposes by extremely small movement of 
said shaft 3 I. ‘ 
The lower end of arm 32 is securely attached 

to shaft 3i and is further formed to make a 
bifurcated end 33. 
Apin 31 extends‘through said bifurcated end 

33 and into shaft 3|, and it should be noted that 
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said pin 81 is located off center in shaft 8| in 
a manner whereby, as viewed in Figure 1, adjust 
ment of lever 32 in a clock-wise direction causes 
pin 81 to move to the left. 
Mounted within the bifurcated end 88 and 

adapted for rotation on pin 81 is the upwardly 
extending lever 38, the upper end of said lever 
I8 being bifurcated as at 88, said bifurcation 
being adapted to receive a cam follower in the 
form of a wheel 48, grooved to straddle the cam 
88. 
As viewed in Figure 1 lever 38 is always urged 

to the left under influence of tension spring 4I, 
while lever 32 is also always urged to the left, 
under the influence of tension spring 42. 
In the lower part of box 25 is mounted lever 

43, said lever 43 being adapted for rotation on 
pin 44, the upper end of lever 48 being in con 
tact with lever 38 at a point adjacent the fulcrum 
pin 31 of lever 38. 
Midway on lever 48 is attached the yoke 45, 

said yoke 45 being adapted to receive between 
the collars 46 and 48' the flexible diaphragm 41 
in iiuid tight relationship, said diaphragm 41 
being formed of any suitable flexible fuel-re 
sisting material such as neoprene, etc. 
The right hand end of yoke 45 contacts the 

needle valve 48, said needle valve 48 operating 
within the replaceable needle valve seat 48, the 
valve and seat so formed being adapted for full 
closure of flows at any time said valve is against 
said seat. 
A compression spring 50 mounted between 

needle valve 48 and outer cap 5I always urges 
the valve 48 towards its closed position. 
The outer face of diaphragm 41 is sealed by 

the member 52 attached as by screws 58, said 
member 52 carrying the above referred t0 seat 
48 and valve 48. 
Clamped betweenrouter cap 5I and a ilange 

formed on member 52 and in duid-tight relation 
therewith is the extension 54 of container ‘58, 
said container 55 being in unrestricted com 
munication with the chamber 18 formed between 
needle seat 48 and outer cap 5I, and as needle 
valve 48 is longitudinally ñuted it should be noted 
that chamber 55 is therefore in unrestricted 
communication with the outlet end of needle 
valve 48. 
The upper end of container 55 is sealed by 

a cup shaped member 56 having a large central 
aperture 51 and a small oif center aperture 58. 
A cover member El, securely attached to con 

tainer 55 as by screws 63', has a central bore 
adapted to receive the compression spring 58, 
Said spring 80 urging the fibre disc 58 down 
wards as viewed in Figure 1 and sealing the large 
aperture 51 in member 56, the assembly so formed 
acting as a relief valve by which excessive 
pressure within container 55 will lift fibre disc 
58 against the predetermined pressure of spring 
8l), and permit such excessive pressure to relieve 
itself from container 55. 

It should be noted that aperture 58 is at all 
times a leak from container 55 for a purpose yet 
to be described. 
The internally threaded bore 62 is adapted to 

receive an outlet line for the return to the fuel 
supply of such fuel as may be passed by aperture 
58 and aperture 51, while the threaded bore 83 
is adapted to receive the fuel inlet line, and in 
practice bore 63 is connected to the pressure 
pump of the engine to which the device is at 
tached. 
From the chamber formed between the dla 
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4 
phragrn 41 and the member l2 a downwardly ex 
tending hole 84 connects with a groove 88, said 
groove I8 extending around the conduit I2 and 
connecting hole 84 and hole 12, the bottom of 
said groove 8l being sealed by a gasket 84 of 
fibre or other heat-resisting material interdis 
posed between upperhousing 28 and the throttle 
body ‘81, the assembly so formed being securely 
attached as by screws Il. 
Formed integral with housing 28 and on the 

right hand side of conduit I2, as viewed in Fig 
ure 2, is a cylindrical housing 88 sealed at its 
cuter end with a cap 18, said cap 18 being cen 
trally threaded to receive a threaded member 
12 and adapted for endwise adjustment and 
locked in said adjustment yby nut 1I. 

 The inner end of member 12 is provided with a 
pin of reduced diameter which seats rotatably in 
a bore in the right hand (Figure 2) end of shaft 
I8, which extends out of conduit I2 and through 
the housing 88 to a point adjacent the cap 18. 
The opposite end of shaft I8 may be provided with 
a similar bearing, or both bearings may be of 
other types, so long as they are of substantially 
frictionless type. 
Adjacent the inner end of housing 68, but not 

in contact therewith, and securely attached to 
shaft I8 by a pin 82, is collar 18, said collar 1l 
having an upwardly extending lug 84 as clearly 
shown in Figure 5. 
Surrounding collar 18 and mounted for oscil 

lation on shaft I8 is an inertia member 14, and 
that portion of inertia member which surrounds 
collar 18 is cut away to form abutments 88 
against which the lug of collar 18 contacts in a 
manner whereby the inertia member is free to 
travel between abutments 88 for approximately 
50° of rotation from one abutment to the other, 
while the total travel of collar 18 attached to 
shaft I8 will be 90° as the butterfly I9 goes from its 
fully closed to its fully open position. 

Inertia member 14 is centrally bored out to re 
ceive a fibre washer 15' and abutting washer 15' 
is a compression spring 11, the outer end of spring 
11 being snapped in a groove formed adjacent the 
end of shaft I8, while a second ñbre washer 15 
is interposed .between inertia member 14 and col 
lar 18, the assembly so formed acting to resist by 
the friction of washers 18 and 15' any sudden 
movement of shaft I8, said resisting or braking 
action being caused by the lag behind of inertia 
member 14 during the rapid travel of lug 84 be 
tween abutments 88. Movement of lug 84 into 
contact with either of abutments 88 causes such 
impact between the lug and the abutment as to 
arrest the movement of shaft I8 whenever such 
movement is of sufficient rapidity and extent »as 
to bring about such impact. Further, the as 
sembly so formed is adaptable to frictionless 
rotation whenever gradual or relatively slow 
movement of the shaft I8 occurs, as the assembly 
of parts 84, 15, 15', 14 and 11 are entirely carried 
by shaft I8 and offer no resistance to easy or 
gradual changes of position or rotation. 
In practice the device is attached to the intake 

manifold of an internal combustion engine, the 
fuel inlet 88 is connected to the pressure pump of 
the engine, the fuel return line 82 is connected 
back to the fuel tank supplying the engine, and 
the shaft I5 is connected in the usual manner to 
the accelerator pedal. 
With the engine at rest regardless of the posi 

tion of the manual throttle I 8, the air valve I8 
will be in position as shown in Figure 3, the parts 
associated With shaft I8 will be at the positions 
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shown in Figure 1. and the needle valve l! will 
be completely shut off. 
Upon cranking the engine. however, a depres 

sion will be created below the valve I9 causing it. 
due to its off center mounting, to rotate in a clock 
wise direction as viewed in Figure 3, such rotation 
of shaft lli as viewed in Figure 1 will also rotate 
the cam 30 in a clockwise direction and thereby 
move wheel lll, levers 3B and I3, yoke 45, dia 
phragm 41 and finally needle valve IB all to the 
right as viewed in Figure l, but it should be noted 
that a vast reduction occurs as regards the move 
ment of the wheel lil to the movement imparted 
to the needle valve I8. 
However. if the leverages involved plus the con 

tour of cam have been properly selected. the move 
ment imparted to butterfly valve I9 by the act 
of cranking will displace the needle valve IB suffi 
ciently far from its seat to permit the correct 
amount of fuel to pass the needle and via hole 
6I, groove 65. hole 22 and jet 2| to be delivered 
at the point of greatest velocity and the engine 
will immediately start. whereupon, due to the 
increased flow caused by the difference between 
cranking R. P. M. and idling R. P. M.. will cause 
butterfly i9 to open still further and of course 
move still farther the needle valve 48 from its 
seat. « 

Assuming the engine to be at idling speed and 
the fuel mixture too rich. the adjustment screw 
3l is advanced. the arm 32 is thereby rotated in a 
clock-wise direction. the pin 31 is moved to the 
left (Figure l) and the needle valve 4B thus 
brought closer to its seat, as plainly shown in 
Figure l., while if the fuel mixture were too lean 
the opposite adjustment will eñ’ect the opposite 
result. ' 

The above description of operation has been 
limited to cranking and idling or the farthermost 
closed position of throttle valve I8 only, and it 
should be noted that at this idling position the 
butterfly I9 will have moved in a clock-Wise direc 
tion to a point where its leading or 11p-stream 
edge is approximately about to enter the enlarged 
bore 18. and that vane 2li has moved into close 
proximity to the right hand wall (Figure 3) of 
conduit I2. 

Further opening of the throttle I6 will result in 
increased air flow through conduit I2. The in 
creased air flow results in an increased movement 
of valve I9 and shaft Il and thereby a greater 
opening of the needle valve 4l. This results in an 
increased amount of fuel delivered to jet 2| in 
direct accordance with the increased air flow. 
At this point we consider it necessary to ̀ fully 

describe the action of the onset bore ‘I8 and the 
vane 20. 

All butterfly valves have the characteristic of a 
decided closing torque when the valve is at an 
angle of between 10 and 60 degrees from their 
closed position. due primarily to their leading 
edge developing a vacuum pocket immediately 
behind the edge and thus tending to close the 
valve. With an on center valve this results in a 
considerable closing torque anywhere within the 
above range, while in an od center valve it re 
sults in loss of torque through the same range, and 
when. such an oil’ center valve is opposed by a 
straight line spring this loss of torque renders the 
valve useless as an air metering means. for in 
creased air flows will not in all positions cause in 
creased motion of the valve due to the above de 
scribed counter-torque. 

vTherefore in the described device at a position 
coincident with the normal appearance of this 
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loss of torque, the conduit opens out and per-` 
mits an abnormal amount of air to enter imme» 
diately under the leading edge of the butterfly 
i9, thus breaking down the vacuum pocket that 
would otherwise exist at this point. Such an 
abnormal amount of air, however, upsets the true 
valving action of the valve, to correct which the 
vane 2li is added, which delays the opening of 
the following vane, in the same ratio as the lead 
ing vane is abnormally supplied due to the oil'set 
bore 1l. Thus, the vacuum pocket is effectively 
eliminated without upsetting the flow character 
istics of the valve and the slightest change of air 
ñow will respond in a change ci' position of the 
valve when the valve is opposed by a straight line 
spring. (By a straight line spring is meant one 
with uniform build-up characteristics.) 
An off center butterfly such as I9 (but with 

out vane 2li) will under high rates of flow rapidly 
lose torque as it approaches a position parallel 
with the bore and, therefore, a further func 
tion of vane 2I| is to assist butterfly I9 as it ap 
proaches a parallel position with the bore against 
such loss of torque (see dotted outline Figure 3), 
so that any change in air flow, whether caused by 
a change of throttle position or of load on the 
engine, will result in a change of position of the 
fue] needle valve, to cause it to discharge the cor 
rect amount of fuel for that amount of air which 
so positioned the air valve. ' 
Such an oil' center valve, when operating un 

der wide open throttle at low engine speeds, has 
a. tendency to flutter and if the opening torque of 
such a. valve is resisted with a spring light enough 
to permit full air ñows, it will under the above 
_conditions travel from the fully open to the fully 
closed position as each piston of the engine com 
pletes its intake stroke. In other words, under 
these conditions the valve flutters, which results 
in excessive wenn etc.. besides which the engine 
suffers a considerable loss of torque during this 
period. 
We have found the inertia member 'Il together 

with parts 13, 15, ‘Il’ and 11 to be highly em 
cient in completely curing this fluttering trouble 
and further will operate at all periods of vibra 
tion, as small high speed impulses are complete 
ly eliminated by the braking action, while strong 
somewhat slower impulses are completely elimi 
nated by the combined braking and hammer ac 
tion. ' 

The present type of automotive diaphragm 
pump we consider too well known to require dis 
cription, but in practice we find that different 
units vary between 4 and 6 pounds of pres 
sure. 

Obviously if the carburetor is calibrated for 4 
pounds pressure and then attached to an engine 
having a pump delivering 6 pounds pressure, the 
calibration is wrong and too much »fuel will be 
delivered through. the carburetor. 

Therefore, the chamber $5 is equipped with a 
pressure relief valve. This valve limits the pres 
sure in chamber 55 to that desired, and the ex 
cess fuel is returned to the fuel storage tank 
through the outlet 62, thus permitting the car 
buretnr to operate on the fuel pressure for which 
it was calibrated. 
A further characteristic of the present type 

of automotive fuel pump is that they are in 
variably mounted directly on the engine and, 
therefore, in a. very warm if not hot location. 
Such an amount of heat generates a consider 
able amount of bubbles or free gas which if they 
passthe »needle valve 48 will unfavorably effect 
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the fuel metering of the carbureter which of 
lcourse has been calibrated for liquid fuel. 
We find, therefore, that such pumps, to be 

reliable for use with the described carburetor, 
must have sufficient circulation to keep them 
cool. Therefore, the small aperture il, which 
as previously described amounts to a permanent 
leakage out of chamber Il and back to the sup 
ply tank, results in a suflicient circulation of 
fuel to keep the pump cool. As an illustration, 
the engine at idling may be using only one-half 
gallon per hour, which would result in very llt 
tle cooling of the pump. Under such a condi 
tion we permit at least 5 gallons of fuel per hour 
to return to the tank via apertures l1 and I8, 
which extra amount of circulation we find the 
pumps well fitted to deliver, and under which 
flows they will remain sufficiently cool to elimi 
nate the formation of bubbles or free gas. 
What we claim is: 
1. In a carburetor. an induction passage com 

prising an anterior portion and a posterior por 
tion of smaller cross-sectional area ,than the an 
terior portion and joined thereto by a tapered 
portion, a disk valve mounted off-center in the 
passage adjacent the tapered portion, a fuel con 
duit having its outlet in the induction passage 
adjacent the tapered portion, and a valve con 
trolled by the position of the disk valve for con 
trolling the flow through said conduit. 

2. In a charge forming device, an induction 
passage comprising an anterior portion and a 
posterior portion of smaller cross-sectional area 
than the anterior portion and joined thereto by 
a tapered portion, a, pressure responsive butterfly 
valve mounted eccentrically in the posterior por 
tion and movable by air flow to an intermediate 
position where its leading edge overlies the 
tapered portion and air currents deflected by the 
tapered portion pass to the posterior face of the 
valve, a fuel conduit having an outlet in the in 
duction passage adjacent the valve, and a fuel 
valve controlled by movement of the butterñy 
valve for controlling the flow through said con 
duit. 

3. The invention defined in claim 2, wherein 
the outlet of the fuel conduit is located slightly 
anterior to the leading edge of the valve, and 
said leading edge is recessed to admit fuel dis 
charged from said outlet. 

4. The invention defined in claim 2, wherein 
the valve is provided with an angularly disposed 
vane fixed thereto and positioned to obturate one 
side of the induction passage when the valve is 
in partially opened position. 

5. In a charge forming device, an induction 
passage comprising an anterior portion and a 
posterior portion eccentric relative to each other 
and lioined by an eccentric tapered portion, a 
butterfly valve mounted in the posterior portion 
and movable by air flow to an intermediate posi 
tion where its leading edge overlies the tapered 
portion and air currents deflected by the tapered 
portion pass to the posterior face of the valve, an 
aperture in the leading edge of the valve, a fuel 
conduit having its outlet slightly anterior to said 
aperture when the valve is in closed position but 
aligned with said aperture, and a fuel valve con 
trolled by movement of the butterfly valve for 
controlling flow through said conduit. 

6.'In a charge forming device, an induction 
passage comprising an anterior portion and a 
posterior portion of smaller cross-sectional area, 
said portions being connected end-to-end, a 
butterfly valve rotatably mounted in the smaller 
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portion in such position that the leading edge of 
the valve sweeps past the juncture between the 
two portions during part of the opening move 
ment of the valve, said valve being provided with 
a vane fixed thereto and restricting flow past the 
trailing edge of the valve during such movement, 
and a fuel conduit discharging into said passage, 
a fuel valve in said conduit controlled by the posi 
tion of said air valve. 

7. In a carburetor. an induction passage. a 
member responsive to air flow through the induc 
tion passage rotatably mounted in the induction 
passage, a vibration damping means comprising 
a member of high moment of inertia mounted to 
rotate with said flow responsive member, a fric 
tional overrunnlng connection between the ilow 
responsive member and the inertia member per 
mitting relative rotary movement therebetween. 
and means limiting the extent of such movement. 

8. In a carburetor, an induction passage, a shaft 
traversing said passage, a member fixed to said 
shaft and rotatable therewith in response to air 
flow through the induction passage, an inertia 
member rotatable on said shaft, means positively 
limiting the extent of such rotation, and a fric 
tional connection between the shaft and the iner 
tia member for damping vibration of said shaft. 

9. In a charge forming device, an induction 
passage, a rotatable shaft mounted eccentrically 
in said passage, a pressure responsive butterfly 
valve fixed to said shaft, and vibration damping 
means for said valve comprising an inertia mem 
ber rotatably mounted on said shaft and having 
an overrunnlng frictional connection therewith. 

10. In a carburetor, an induction passage com 
prising two clindrical portions of different diame 
ter connected at one side only of the passage by 
a frusta-conical portion, means for measuring 
the rate of air flow through said passage com 
prising a pressure-responsive butterfly valve ro 
tatably mounted in said passage adjacent said 
frusto-conical portion in such relation thereto 
that the leading edge of the valve sweeps past 
it in its opening movement, a vane ñxed to the 
valve for restricting flow past the trailing edge 
of the valve during such movement, and a fuel 
conduit discharging into said passage and con 
trolled by the position of said valve. 

11. In a charge forming device, an induction 
passage comprising two portions of different 
cross-sectional area joined end-to-end, means for 
measuring the rate of air now through said pas 
sage comprising an air valve rotatably mounted 
in the smaller passage in such position that one 
edge of the valve sweeps past the juncture be 
tween the two portions during the opening move 
ment of the valve, a fue] conduit, a valve in said 
conduit controlled by the position of said air 
valve, and a vane fixed to the anterior face of 
the air valve and projecting therefrom at an 
angle for restricting :dow of air past the other 
edge of the air valve during such movement. 

12. In a carburetor, an induction passage, a 
rotatable shaft extending eccentrically across 
said passage, an unbalanced butterñy valve fixed 
to said shaft and rotatable therewith toward 
open position in response to air flow through 
the induction passage, a spiral spring connected 
to said valve and uring the same toward closed 
position, an inertia member mounted on said 
shaft outside of said induction passage and ro 
tatable relative to said shaft, positive means 
limiting the extent of rotation of the inertia 
member relative to the shaft in either direction, 
and friction means between the shaft and the 
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siîilâritis. member for damping vibration of the 
t. 

13. The invention defined in claim 12, wherein 
the inertia member is a cylindrical member hav 
ing a higher moment oi’ inertia than the valve 
and having a sector cut away to form a slot, and 
the limiting means comprises a stop member 
fixed to the shaft and positioned to contact the 
walls o! the slot upon movement of the valve 
relative to the inertia member through a pre 
determined angie. 

14. In a carburetor, an induction passage, a 
rotatable shaft extending across said passage, a 
pressure responsive air valve mounted on said 
shaft and rotatable therewith toward open posi 
tion in response to air now through the induc 
tion passage, a fuel conduit discharging in said 
induction passage and controlled by the position 
of said valve, yielding means urging the valve 
toward closed position. an inertia member 
mounted on said shaft and rotatable relative 
thereto, means positively limiting the extent of 
rotation of the inertia member relative to the 
shaft in either direction, and friction means be« 
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siîilâritis. member for damping vibration of the 
t. 

13. The invention defined in claim 12, wherein 
the inertia member is a cylindrical member hav 
ing a higher moment oi’ inertia than the valve 
and having a sector cut away to form a slot, and 
the limiting means comprises a stop member 
fixed to the shaft and positioned to contact the 
walls o! the slot upon movement of the valve 
relative to the inertia member through a pre 
determined angie. 

14. In a carburetor, an induction passage, a 
rotatable shaft extending across said passage, a 
pressure responsive air valve mounted on said 
shaft and rotatable therewith toward open posi 
tion in response to air now through the induc 
tion passage, a fuel conduit discharging in said 
induction passage and controlled by the position 
of said valve, yielding means urging the valve 
toward closed position. an inertia member 
mounted on said shaft and rotatable relative 
thereto, means positively limiting the extent of 
rotation of the inertia member relative to the 
shaft in either direction, and friction means be« 

10 

20 

tween the shaft and the inertia member for 25 
damping vibration oi' the shaft. 

10 
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