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(71) We , BARRY WRIGHT CORPORATION, 
a Corporation organised under the laws of 
the Commonwealth of Massachusetts, of 
680 Pleasant Street, Watertown, Massa-

5 chusetts, United States of America, do here-
by declare the invention, for which we pray 
that a patent may be granted to us and the 
method by which it is to be performed, to 
be particularly described in and by the 

10 following statement: 
This invention relates to snubbers or 

shock absorbers and, more particularly, to 
a mechanical device for restraining portions 
of a power plant to withstand earthquakes 

15 while at the same time providing freedom 
for movement of those devices which under-
go thermal expansion or contraction during 
use. 

In recent years the increased demand for 
20 electrical power and the reduced availability 

of oil has resulted in a demand for the 
increased use of nuclear power to generate 
electricity. While the feasibility of nuclear 
power plants is not questioned, their con-

25 struction has posed certain questions as to 
the ability of equipment such as emergency 
cooling lines or pipes, heat exchangers, etc., 
to withstand earthquakes. 

Current thinking would appear to call for 
30 the cooling lines or pipes, etc., to be rigidly 

coupled to building structures. While this 
would be simple enought to accomplish, the 
problem is more complicated than first 
meets the eye. 

35 Cooling lines generally undergo thermal 
expansion ranging from inches to feet dur-
ing thermal heat-up and cool-down cycles. 
Thus some means must be provided to sup-
port cooling lines and other devices which 

40 undergo thermal expansion in a manner 
such that movement during thermal cycles 
may be easily accomplished while at the 
same time providing protection under dyna-
mic conditions such as an earthquake. 

45 In the past power plants have generally 

relied upon hydraulic dampers to restrain 
cooling pipes. However, hydraulic dampers 
have come into disfavor since they leak, 
they generally have sealing problems in 
radiation environments and they have a 50 
history of high maintenance costs. 

Accordingly, a new and improved snub-
ber or restraining apparatus was needed 
for use in supporting power plant devices 
which would be totally mechanical, would 55 
not require to contain hydrocarbon fluids, or 
hydro-carbon material, could sustain high 
temperature or nuclear radiation environ-
ments and remain operational as well as 
provide protection from high seismic forces 60 
while permitting expansion due to thermal 
cycles. 

The present invention provides a snubber 
including: first and second members mov-
able relative to one another, rotatable screw 65 
means supported by one of said members, 
threaded coupling means associated with the 
other of said snubber members for causing 
rotation of said rotatable screw means upon 
relative movement of said members, a 70 
rotatable inertial mass, brake means includ-
ing a braking surface and brake shoe means 
to engage said braking surface, and actuat-
ing means coupled to the inertial mass for 
urging said brake shoe means against said 75 
braking surface upon sufficient lagging of 
said inertial mass with respect to said screw 
means in order to increase resistance 
against acceleration of the rotatable screw 
means in the event of substantial dynamic 80 
motion between said first and second mem-
bers. 

The brake means can include a lever for 
urging said brake shoe means against said 
braking surface. 85 

The lever can be coupled to said inertial 
mass, and, in use, lagging of said inertial 
mass with respect to said screw means can 
cause said lever to urge said brake shoe 
against said braking surface. 90 
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The inertial mass can be supported on the 
screw means and be independently rotatably 
movable with respect to said screw means. 

The brake surface can be arranged about 
5 the rotational axis of said screw means. 

A pin can be supported by said inertial 
mass and said lever can pivot about said 
pin in use. 

The snubber can include a driver 
10 mounted for rotation with said screw means, 

said driver supporting said brake shoe 
means. 

The snubber can include means to pre-
vent rotation of said threaded coupling 

15 means. 
Said lever can include a slot in which 

said pin is positioned. 
By way of example only, certain illustra-

tive embodiments of the invention will now 
20 be described with reference to the accom-

panying drawings, in which: 
Fig. 1 is a side elevation showing a snub-

ber embodying the invention coupled be-
tween two structures; 

25 Fig. 2 is a sectional view taken along line 
2-2 in Fig. 1 illustrating the snubber in a 
fully retracted condition; 

Fig. 3 is a sectional view similarly illus-
trating the snubber in an extended condi-

30 tion; 
Fig. 4 is a sectional view taken along line 

4-4 in Fig. 3; 
Fig. 5 is a sectional view taken along 

line 5-5 in Fig. 3; 
35 Fig. 6 is a sectional view taken along line 

6-6 in Fig. 2; 
Fig. 7 is a sectional view taken along line 

7-7 in Fig. 3 illustrating the braking levers 
coupled to the inertia mass and urging the 

40 brake sections or shoes apart; 
Fig. 8 is an isometric view of the left 

brake section or segment of the pair of 
brake shoes; 

Fig. 9 is a partial sectional view similar 
45 to Fig. 2 which illustrates a snubber having 

a modified braking mechanism having a 
greater effective mechanical advantage over 
that shows m Figs- 1 to 8; 

Fig. 10 is a sectional view taken along 
50 line 10-10 in Fig. 9; 

Fig. 11 is a sectional view taken along 
line 11-11 in Fig. 9; 

Fig. 12 is an enlarged view illustrating 
one of the brake shoes and a portion of the 

55 lever shown in section; and 
Figs* 13 and 14 are partial views of 

portions of the levers used in the construc-
tion shown in Figures 9 to 12. 

Reference should now be had to Figs. 
60 i-g for a detailed description of the snubber 

or shock absorber embodying the inven-
tion. At 10 there is shown a building struc-
ture to which there is coupled a stationary 
bracket 11 in which a pin 12 is adapted to 

65 be supported. 

The pin 12 is carried by the snubber 20 
of the invention at one end thereof. The 
opposite end of the snubber is coupled by 
a pin 14 to a second stationary bracket 15 
coupled or clamped to a structure e.g., a 70 
pipe or cooling line 16. 

The snubber 20 comprises a first outer 
housing assembly 21 and a rod end assembly 
22. Coupled to the first outer housing 
assembly 21 is a second outer housing 75 
assembly 23. Screws 24 are provided and 
secure a bearing housing 25 to said housing 
assembly 23. An internal housing or slide 
26 is threadably coupled to the rod end 22 
as well as to a ball screw nut 27 (Saginaw) 80 
which threadably engages a ball screw 28. 
The internal housing 26 is slidable from 
the retracted position in Fig. 2 to an ex-
tended position in Fig. 3 and is further 
adjustable with respect to rod end assembly 85 
22 to a fully extended position (not shown). 
The slide is prevented from rotating by a 
key or guide 29 supported by rivets 30 which 
are positioned in a keyway 26A in collar 
26B of the internal housing or slide 26. 90 

A cover 31 is secured against the internal 
housing 26 by a nut 32 threadably coupled 
to the rod end 22. At 33 there is shown an 
inertia mass or wheel supported for free 
rotation on one end of the ball screw 28. 95 

The inertia mass 33 is prevented from 
sliding off the screw 28 by a snap-ring 34 
which fits into groove 28A of the screw. 

A washer 35 is positioned between the 
snap-ring 34 and the inertia mass 33. The 100 
inertia mass 33 supports a pair of brake 
levers 37 by pins 38. The pins 38 are 
retained in place by a snap-ring 39 which 
rests against a rear flange 33A of the inertia 
mass 33. 105 

At 41 there is provided a brake set com-
prising two brake shoes or sections 41A and 
41B. The levers 37 are positioned in open 
slots 41C and 41D for use between the 
brake sections. The brake sections also' pro- 110 
vide second slots 41E and 41F in which 
there are positioned arms 42A and 42B of 
a driver 42. The driver 42 is secured to the 
ball screw 28 for rotation therewith by a 
double hex-nut 43 threaded on the ball 115 
screw 28. To the rear of the driver is a 
washer 44 which engages a shoulder 28B of 
the ball screw 28. 

The brake sections have an internal flange 
41K which is positioned in a groove 42C 120 
of the driver. The driver 42 is supported as 
shown in a ball bearing assembly 45 and 
the bearing is locked within the bearing 
housing 25 by a snap-ring 46 which snaps 
into a groove 25A of the bearing housing 125 
25. 

The operation of the snubber apparatus 
embodying this invention is as follows: if 
for example, an earthquake causes accelera-
tion of the building 10 away from the pipe 130 
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16, the slide 26 then begins to move to the 
right of Fig. 1. 

This in turn pulls the ball nut 27 with it 
thus causing ball screw 28 to rotate as 

5 shown by the arrow 50. The acceleration of 
the ball screw 28 causes the driver 42 to 
rotate the brake sections or halves 41A and 
41B which in turn through levers 37 accele-
rates the inertia mass 33. 

10 A reaction force at the levers 37 acting 
at the edges 41G and 41H of the brake 
sections 41A and 41B respectively, is pro-
duced by the acceleration of the inertia 
mass 33. The levers 37 twist in the brake 

15 slots, 41C and 41D under this force, engag-
ing alternately the inner and outer edges 
41G and 41H of sections 41A and 41B, 
respectively, at slot 41C; and similarly at 
slot 41D, thereby contributing to the mecha-

20 nical advantage of the levers 37. 
The brake sections 41A and 41B are 

forced apart and the braking surface 41J is 
brought into contact with the inner surface 
25B of the bearing housing 25. Additional 

25 mechanical advantage is obtained by the 
transmission of the braking force from 
surface 41J to react at groove 42C of driver 
42. 

Applying of the brakes increases the 
30 resistance of the ball screw to rotate in the 

ball nut and thus translates rotational re-
sistance to linear resistance. 

Upon reversal of the relative acceleration 
of the assemblies 21 and 22 caused by an 

35 earthquake, for example, the levers 37 re-
verse their positions in the slots 41C and 
41D as a consequence of the reversed angu-
lar acceleration impressed on the inertia 
mass 33. The brake sections 41A and 41B 

40 once again contact braking surface 25B in 
the manner described above, to provide re-
sistance to this acceleration. The resistance 
provided is proportional to the acceleration 
between the ends of the snubber 20. 

45 As may be observed marks or rings 51 
may be applied under the cover 31 on the 
member 23 to indicate the amount of exten-
sion of the snubber (as shown in Fig. 1). 

Reference should now be had to Figs. 9 
50 to 14 for a description of the snubber 60 

disclosed in these figures. The snubber 60 
includes a first member 62 for coupling to a 
pipe in the same manner as shown for the 
snubber in Fig. 1. The member 62 is posi-

55 tioned in an outer housing 63 and threadly 
supports a ball nut 64. The member 62 
includes a key 62-1. 

A second member 65 shown as two parts 
is relatively movable with respect to mem-

60 bef 62 and supports a keyway 66 (the same 
type as the keyway of Fig. 2) in which the 
key 62-1 is retained to prevent rotation of 
member 65 with respect to member 62 and 
thus limits movement to translation or linear 

65 motion. The member 65 has an end coup-

ling 65-1 of the type shown in Fig. 1 to 
permit it to be coupled to a support struc-
ture. 

The ball nut 64 supports a ball screw 
67 for rotation. A driver 68 is coupled to 70 
screw 67 for rotation therewith by a lock 
nut 69. The driver is keyed at 69-1 so that 
it will rotate with screw 67. The screw 67 
also supports an inertia mass 70 for free 
independent rotation. 75 

The driver 68 is supported by roller bear-
ing assemblies 71 and 72 held apart by 
spacers 73 and 74. The roller bearing as-
semblies are confined against translational 
movement by the shoulder 65-2 and a lock 80 
ring 76 snapped into a slot 65-3 formed in 
housing 65. 

Other conventional means such as screws 
may be used to hold the bearing assemblies 
in place. The driver 68 includes a slot 68-1 85 
formed at one end thereof in which brake 
shoes 77 and 78 are positioned for slide-
able radial motion (see Fig. 11). 

The brake shoes include raised portions 
77-1 and 78-1 for engaging the interior sur- 90 
face 65-4 of the member 65 which acts as a 
braking surface in order to prevent rotation 
of the driver under certain conditions. 

In order to move the brakes 77 and 78 
apart as shown in Fig. 11, levers 79 are 95 
coupled to pins 80 (see Fig. 10) by slots 79-1 
provided therein. The other end of the 
levers 79 are provided with pins 79-2 
which extend into and are supported for 
rotary motion in bores 68-2 in the driver 68. 100 
The pins 79-2 comprise the circular cross 
section 79-3 and 79-4 which are supported 
for rotary motion in the bores 68-2 (see 
Figs. 9 & 14). 

A center pin portion or camming lever 165 
79-5 is provided between pin portions 79-3 
and 79-4 for moving the brake shoes into 
engagement with the braking surface 65-4. 

The pin portion 79-5 comprises an arc-
shaped or round heel portion 79-6 which 110 
acts as a stop for one end of the brake 
shoes 77 or 78 as the other end of the brake 
shoes 77 or 78 are urged outwardly by 
camming lever portion 79-7 (see Fig. 11). 

Thus in operation rotation of the pin 115 
section 79-5 causes one end of the brake 
77 or 78 to pivot about pin portion 79-6 
while the other end of the brake is urged 
upwardly so that the brake engaging surface 
77-1 or 78-1 may contact the braking sur- 120 
face 65-4 of the member 65 (see Fig. 11). 

The improved camming lever construction 
of Figs. 9 to 14 boosts the effective mechani-
cal braking advantage of the brake shoe 
since a force vector is produced by pin 125 
portion 79-7 as it is rotated at one end of 
the brake shoe which creates a movement 
about the round heel 79-6 of the lever thus 
increasing the braking force provided by 
brake shoe engaging portions 77-1 and 78-1 130 
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(see Fig. 11). 
In operation rapid acceleration of said 

members 62 and 65, e.g., apart from one 
another, causes the ball nut 64 to rotate the 

5 ball screw 67. Since the inertia mass cannot, 
because of its mass, rotate as rapidly as the 
screw 67, it lags behind the screw. 

This causes the levers 79 to be rotated 
causing the braking shoes 77 and 78 to be 

10 moved apart to engage the brake surface 
65-4 (see Fig. 11) and thus slow the rotation 
of the driver 68 which is keyed 69-1 as 
shown in Fig. 11 for rotation with the 
screw. This, then slows the separation of 

15 the members 62 and 65. The same braking 
effect occurs if members 62 and 65 are 
rapidly driven towards each other rather 
than apart from each other. 

Release of the brake shoes from engage-
20 ment with the braking surface occurs as 

the inertia mass rotates towards the position 
as shown in Fig. 10 which rotates the levers 
79 into the position as shown. The engage-
ment of the brake shoes 77 and 78 with 

25 the braking surface 65-4 prevents the pins 
80 from falling out of the slots 79-1 since 
the amount of rotation of the inertia mass 
with respect to the screw 67 is limited by 
the brake shoes engaging the braking sur-

30 face. 
It should be understood that under nor-

mal conditions, that is slow rotation of the 
screw, e.g., due to temperature changes, 
the inertia mass will move with the screw 

35 due to friction between it and the screw, 
however the inertia mass is adapted to rotate 
about the screw under high acceleration of 
the screw 67. 

It will thus be seen that a purely mecha-
40 nical apparatus has been provided which is 

suitable for use in a high temperature or 
earthquake prone environment and which 
is acceleration sensitive while being attitude 
(position) insensitive. The apparatus may be 

45 constructed entirely of metal, does not lock 
up and needs no hydraulic fluid or springs 
for operation. 

A brief summary of what has been des-
cribed will now be given. 

50 A snubber or restraining assembly which 
provides little resistance to thermal expan-
sion or contraction during heat-up or cool-
down of power plant devices such as cooling 
lines while at the same time providing linear 

55 resistance to the motion of such power 
plant devices under dynamic conditions, i.e., 
conditions in which the power plant devices 
and the structure (building) begins to rapid-
ly separate from each other or move towards 

60 each other e.g., an earthquake. 
There is provided means for rotating e.g., 

a ball screw or lead screw, means for caus-
ing rotation of said means for rotating e.g„ 
a ball nut threadily coupled to said ball 

65 screw, and means responsive to rotation of 

said means for rotating to increase the 
resistance against rotation provided by said 
means for rotating with respect to said 
means for ̂ causing rotation under seismic 
conditions or relative acceleration of the end 70 
fittings. 

Resistance to angular acceleration is pro-
vided by a brake assembly coupled to an 
inertia mass which when abruptly rotated 
under dynamic conditions will cause the 75 
braking assembly to increase resistance to 
angular acceleration of said ball screw and 
thus translational or linear acceleration of 
the ball nut. 

WHAT WE CLAIM IS: 80 
1. A snubber including: first and second 

members movable relative to one another, 
rotatable screw means supported by one of 
said members, threaded coupling means 
associated with the other of said snubber 85 
members for causing rotation of said rotat-
able screw means upon relative movement 
of said members, a rotatable inertia! mass, 
brake means including a braking surface 
and brake shoe means to engage said brak- 90 
ing surface, and actuating means coupled to 
the inertial mass for urging said brake shoe 
means against said braking surface upon 
sufficient lagging of said inertial mass with 
respect to said screw means in order to in- 95 
crease resistance against acceleration of the 
rotatable screw means in the event of sub-
stantial dynamic motion between said first 
and second members. 

2. A snubber as claimed in claim 1 100 
wherein the brake means includes a lever for 
urging said brake shoe means against said 
braking surface. 

3. A snubber as claimed in claim 2 
wherein the lever is coupled to said inertial 105 
mass, and, in use, lagging of said inertial 
mass with respect to said screw means 
causes said lever to urge said brake shoe 
against said braking surface. 

4. A snubber as claimed in claim 3 110 
wherein the inertial mass is supported on 
the screw means an is independently rotat-
ably movable with respect to said screw 
means. 

5. A snubber as claimed in any pre- 115 
ceding claim wherein the brake surface is 
arranged about the rotational axis of said 
screw means. 

6. A snubber as claimed in claims 3 or 
4 in which a pin is supported by said 120 
inertial mass and said lever pivots about 
said pin, in use. 

7. A snubber as claimed in any pre-
ceding claim including a driver mounted 
for rotation with said screw means, said 125 
driver supporting said brake shoe means. 

8. A snubber as claimed in any preced-
ing claim including means to prevent rota-
tion of said threaded coupling means. 

9. A snubber as claimed in claim 6 in 130 
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which said lever includes a slot in which 
said pin is positioned. 

10. A snubber substantially as herein 
described with reference to and as illus-

5 trated by figures 1 to 8 of the acompanying 
drawings. 

11. A snubber substantially as herein 
described with reference to and as illustrated 

by figures 9 to 14 of the accompanying 
drawings.' 10 

ABEL & IMRAY, 
Chartered Patent Agents, 
Northumberland House, 
303-306 High Holborn, 
London, WC1V 7LH. 

Printed for Her Majesty's Stationery Office by The Tweeddale Press Ltd., Berwick-upon-Tweed, 1979. 
Published at tiie Patent Office, 25 Southampton Buildings, London, WC2A 1AY, from which copies 

may be obtained. 
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3 SHEETS 77,/s drawing is a reproduction of 
the Original on a reduced scale. 
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3 SHEETS -phis drawing is a reproduction of 
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