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With the purpose of developing a radiationproof mechanical snubber for use
with the primary loop of the Fast Breeder Reactor, we have manufactured a proto-
type of meéhanical snubber mechanism which is mainly featured a ball bearing screw
and rotary flywheel. This snubber has equivalent mass provided by rotating incriia
of flywheel connected with a ball bearing screw. |

To confirm its performance, we have carried out a series of comprehensive
tests such as, vibration test, static workability test, resonance test, and endurance
test.

As the outcome of the above tests, the performance of the mechanical snubber
is justified to be regarded as an equivalent mass. For instance, in case of the snub-
ber installed with the piping, it is possible to do seismic design under which the
piping syster. is regared as a flexible structure, since the snubber effects to the
piping in its direction as a huge ﬁass. Further, the Vibration Test has resulted in
that the initial displacement, durihg which the resisting force is rised, is less than
half value of the performance of the hydraulic snubber. This clarified its just. per-
formance. 5 ‘

In addition, as to the largei: capacity mechanical snubber, those tests did not
result in a sufficient performance due to excessive static friction of the mechanism

which amplifies the rotating inertia,

“This work was performed under the contract between Power Reactor & Nuclear

Fuel Development Corporation and Sanwa Tekki Corporation,
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1.  Purpose and Policy of Experiment

The vibration-proof mechanical snubber which is to be used for the primary
coolant piping loop of the Fast Breeder Reactor is subject to be exposed to a high
dose of gamma ray. A hydraulic snubber capable of withstanding a high radiation
was developed during the years of 1969 - 1972. But as no oil to withstand such a
high radiation as L09R which is considered with a Fast Breeder Reactor is available,
development of a mechanical type snubber has come to be considered.

In this experiment, the test purpose was set to found the performance of a
vibration-proof snubber out of several types of test specimens in order to cvaluate
the feasibility of practical use of a mechanical snubber foatured with the resistance
mechanism of rotating inertia.

For this purpose, seven types of mechanical snubbers and twelve sets of test
specimens were prepared. The type and capacity of these test specimens are as
shown in Table 1. It was the pohcy of this expemment to perform a series of com-
prehensive with these specimens comprising vibration test, static workab111ty test,
resonance ‘test, and endurance test, and thus to draw a performance diagram of the

mechanical snubber based on the results of these respective tests.
2. Design of Test Specimens.

The measurements of the exterior shape of th.e specimens are as represented
by Fig. 1, 2, and 3. Fig. 1 represents Specimens No. MSA-1, 2and 3. Its func-
tional structure is that (10) a flywheel is fitted to (1) a ball screw by (11)a parallel
key and then via (12), (14) bearings, itis fixed to (13) a load bearing plate, while on
the other part, (6) the piston is connected to (2) the ball nut and is encased into (17},
(21) housing cases. 7 |

Its kinetic function is deviced that when one side of its (7) ear is fixed to a pipe
and the other part to the building, and a vibration is applied to the piston, the bull-
screw will rotate by a linear motmn of the ball-nut, At this instant, the flywheel
which is connected to this ball-screw will generate a resistance caused by its moment
of inertia, and this energy will prevent the vibration. _

F1g 2 represents Specimens No. MSA -4 and 5, which have the similax func-

tional mechanism as those of the above mentmned spec1mens, except that the outexr



diameter of the flywheel is smaller and an amplifying device ié incorporated in
between the ball-screw and the flywheel in order to increment the anti-vibration
effect, '

Fig. 3 shows Specimens No. MSA-6 and 7, which are prepared for the purpose
of testing whether the equivalent mass (Me) of the mechanical snubber resonates with
the spring, and of describing their resonant curves considering the combination of
the specimen and the coil spring as a single system of particles,

As to the design details of these specimens, please refer to the Appendixes at

the end of this report.
3. Test Method,

3-1, Static Workability Test,

The test was performed with use of the test equipment as shown by Fig, 4
(flow chart). The thermal expansion and contraction of the piping were assumed in
this experiment. The test method was taken so as to move the piston slowly (0. 01,
0.05, 0.1, 0.2, 0.3 cm/sec) to measure the resistance of the specimen during this
five stages of slow movements of the piston,

3-2, Vibratlon Test. '

The test was performéd with the test unit which is represented by Fig. 5 (flow
chart), With the combination as shown in Table 2, the specimens were applied with
different degree of (requency and force, and thus the displacement appearing oﬁ the
specimens was measured.,

3-3. Endurance Test,
The test was conducted with use of the test equipment as shown by Fig, 5.
In this test, the Number of seismic tremors to which the mechanical snubber may
possibly be subject was assumed. The vibration length applied to the specimens was
based on #he following formula: '
T=L. fnn. t T: Vibrating hour (hr)
L: Life of the plant (40 yrs)
fn: Times of Earthquake {once/yr)
T = 6,60 hr = 7hr . t: Seismic hour (10 minute)

Each one set of Specimens MSA-1 and 5 was applied a vibration of 10Hz for 7
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consecutive hours under 5,000 kg vibrating force. Then the tests under the above
items of 3-1 and 3-2 were respectively performed, and the results were compared,
3-4. Resonance Test.

The test was performed with use of the test equipment as shown in Fig. 5.
For this test, a combination of the specimeﬁ and the coil spring was assumed as a
model of one system of particles, and it was to determine whether it was possible
to handle the equivalent mass of the specimens No. MSA-6 and 7 the same as the
actual mass. For this, it was to describe the resonant curve and to measure the
load and displacement of the specimen and the coil spring by changing the frequency

in the range of 1 Hz to 20 Hz.

Table 1.  Kind of Specimen

Specime Screw Equivalent Speed Snrin Required No.
P Nom " Lead Mass Increase Coistagrrit Remarks of
' {cm) | (kg.sec’/em) | Ratio Specimen
MSA-1 0.5 1,000 1 2
MSA-2 | 0.6 1,000 1 2
MSA-3 0.8 1,000 i ' .2
MSA-4 | 0.5 500 94 with 2
‘ anplifier
MSA-5 0.6 2,500 104 " 2
MSA-6 | 0.8 0.03179 1 73.6 | Resonant 1
test :
) specimen
MSA-7 | 0.8 0. 03719 1 97.3 " 1
| Total 12
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Table 2, Vibration Test Combination Table
Load
| LO00Okg | 2,000kg | 3,000kg | 4,000kg | 5,000 kg | 8,000kg | 10,000 kg | 12,000 kg
Freq. (Hz) '
0.5 MSA -4 MSA -4 MSA-4 | MSA-1.2.3| MSA-L 2.3 MSA-5 MSA-5 MSA-5
: | MSA-1 2 3

1. 0 "t 1] ” 1] ” i 1" ”

3’ O 1t " L1} " Vl' i) " "t

5- 0 L1] " " (1] ” " " L1}
10. 0 ) " 11 " ” (1] ” " "

. MSA -4 3

15.0 MSA -4 MSA-4 | o o MSA-1-2:3] MSA-1-2-3| Msa-s MSA-5 MSA -5
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13 ] Locking nut % 26 | Flange 1
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4. Results of Experiment and Consideration.

4-1, Static Workability Resistance,

The 'actually monitored values of the static workability resistance are given in
Tedble 3 and 4, Table 3-A represents the test in which the test specimen was held
vertically demonstrated a satisfactory workability of the specimen when Load of
about 30 kg mightier than flywheel weight was added to the specimen, Starting
resistance in this case was far smaller than the calculated value (when the friction
coefficient (u) of the bearing is assumed as 0. 1), and it was found out that at least
the friction coefficient of the ball screw and the roller bearing was smaller than 0. 1.

Table 3-B shows the workability resistance of the specimen which was held
horizontally to the test eqﬁipment and moved at a slow speed, According to the
result of the test, the static workability resistance gave 2 or 3 times as heavy as
the calculated load value, In the vertical test, it was about 1/3 - 1/2 of the calculated
values and the friction coefficient at the bearing was sufficiently small. A suspicion
of involvement of other factors are considered, It is considerable, as one reason,
that since the flywheel of MSA-1 - 3 was of a cylindrical form and of such a design
as to hold one end of the flywheel on a bearing, when it was laid horizontally, a
bending moment was applied on the wheel's bearing and caused an increased friction
resistance, which obstructed a smooth rotation movement. In order to find out the
horizontal workahility resistance irregulavity its value was meassured in six times
test of MSA-1A, and as the results, Table 3-C was given, The figures shown by
the table indicate a considerable degree of ununiformity, Although it shows certain
concurrence with the calculated values in the area where figures are small,

It was, therefore, reflected that consideration in the design and fabrication of
the specimens was not sufficient after all to approximate them to the theoretical values,

As to MS$SA-4, as it failed to workd even when a heavier load than normally
allowable was applied to the specimen during the test, the test was in a fear that the
specimen might breakdown.

MSA-5 showéd three times as high values as the calculated values in its static
workability resistance test, Owing to the resistance of the accelerator which was
incorporated in it, there nappened no natural fall down,

The static workability resistance after the endurance test showed a similar

-9 -



result as represented by Table 4,. Generally, the static workability resistance
showed as several times values as the calculated ones, and the values of those which
used the amplifier were too large as values of the actually employable ones, This
was originated in mainly the starting torque, Originally, it had been planned to
measure the workability resistance at each of the five stages of test speed. But due
to the difficulty of speed adjustment, the test was performed at merely two stages

of speed. '

4-2. Pexrformance,

- Table 5-9 show the results of vibration tests, and particularly Table 9 represents
the results of the vibration test after the endurance test, Fig, 6 is the graph pre-
pared by compensating the figures of Table 5-9 assuming MSA-1 - 3 worked under
4,000 kg and MSA-5 under 10, 000 kg respectively. |

Looking at the result, the figures in each case are smaller than the maximum
allowable values of displacement. In performance, they demonstrate better results
than those of the hydraulic type snubber,

MSA-1 - 3 showed an irregularity centering on 0. 5 mm displacement, while
MSA-5 showed an irregularity at around 1. 2 mm displacement. These irregularities
were originated from the ununiformity arising from the manufacturing allowance of
the specimen. The reason for the absence of the vibration frequency 1 Hz for
MSA-1 - 3 in the table was because that the holding frame of the test equipment or
the volumic elasticity of the snubber's operating oil and Me of the test specimen 1 )
sonate and made it difficult to measure the load. As for the post-endurance test
performance, it was approximately the same as the pre-endurance test performance
in the case of MSA-1A, and in the case of MSA-SA, as the test specimen became so
loose and dis-shaped, no tensile direction load was measured.

4-3. Resonance Test Results.

The resonance test results are given in Table 10 and 11. Fig. 7 represents a
graph plotted and prepared from both the displacement ratio per each frequency of
the coil spring to the mechanical snubber in order to obtain the resonance curves.

Table 10 shows the measurement results of the coil spring's spring constant. -
Looking at the resonance test results the maximum flexion of the spring is about

15 mm, and the mean value of the spring constant at each S mm up to its flexional

- 10 -




amount of 15 mm was adopted as the mean spring constant,

The specimens were of identical specifications for MSA-6 and 7, and the e-
quivalent mass give by calculation was Me = 0, 031"/".9_" kg sec2/cm. (Refer to Aﬁ—
1 pendices for the calculated equivalent mass of MSA-6 and 7.) _
When the specimen's Me is retroactively coniputed in the reversé order from
the test results, and compared with the calculated values, it is as shown in the

following table:

- Resonant Spring - Calculation
Specimen Vibration Test value Me Brror
No Frequenc Constant (k sec'?/crn) Value Me (%)
' i | kerem) SECEVE) | eg. sec2/emy | B
(Hz) -
MSA-6 7.0 71,3 0. 03690 0.03179 16, 1
MBA-7 80 . 80.0 0.03170 0.03179 © 0.3

Looking at the comparative results, not with standmg the fact that MSA 6 and
7 are the identical specimens, the errors are large, The reason for this can be
considered, judging from the resonant curve shown in Fig. 7, in which the resonant
curve of MSA-6 is seen distorted, that the loosening. and clattering effect of the
specimen as well as the resulting friction might have greatly worked against the -
specimen, N “

5. Conclusion, _

The above results of. the experiment may be summarized in the following
manner: . _

As cleariy evidenced from the resonance test results, itis possible to handle
the mechanical snubber as an equivalent mass by equialize the energy of its rotatmg
inertia to the energy of its mass, and it was found that its value no much dlffers
from the calculated value, '

It is also considered that the mechanical snubber has a superior performance
of hydraulic type, and that this mechanical type can be used ag a ‘quake-proof snubber
in place of the hydraulic snubber, Judging from the results of the performance test,

the problematic point in the performance of the mechanical snubber lies in the fact

-11 -




that, as in the case of MSA-1 - 3, where the mechanism is simply to transfer the
ball scréw rotation to the flywheel, each specimen showed somewhat greater hori-
zontal direction static workability resistance. This, however, was not any basic
defect of the mechanical snubber and can be definitely corrected and solved by an
improved design and manufacturing, and it {s thought possible to apply these ex-
perience of this éxperiment to the actual mechanical snubber to make it really work-
able with the actual reactor,

On the other part, the model which has the mechanism of transferring the ball
screw rotation to the flywheel by means of an amplifier showed a greater static
workability resistance, and no helpful result sufficient to be applicable to the actual
was obtained. Consequently, unless a small siz. Loplifier with a small starting
torque incorporated can be developed, this kind of model will be sopeless to be used

as an adequate mechanical snubber,

6. Postscript.

The experiment of this time was purported to find out such a mechanical
snubber which has a suitable performance for use with the Fast Breeder Reactor.
For this purpose, a series of tests were conducted on the specimens of seven types
of mechanical snubbers especially prepared for this experiment. As the results,
it was found out that a mechanical spubber could replace the so-called hydraulic
snubber as a practical and useful quake-proof snubber, and also a success was ob-
tained to some extent 25 to its theoretical endorsement,

There are, however, two problems left unresolved. The first one is _thﬁt,
although a prospect wé.s found to attain more or less an acceptable performance by
the simple form of transferring the ball screw rotation to the flywheel, it is thought
necessary to have a further study as to whether this mechanism is worthwhile to be
actually employed, since ir_1 an actual use, especially when load is heévy, the fly-
wheel's outer diameter has to be made larger and its weight increases inevitably.

The second problem is how to minimize the static workability resistance of
the snubber with uses an émplifier. In this experiment, although a certain degree
of success was attained in developing a small size, light weight amplifier model
with a larger speed amplifying ratio, when it was incorporated into a specimen of

the mechanical snubber, it failed to demonstrate a satisfactory performance,

- 12 -



By equipping an amplifier with the mechanical snubber, the snubber itself be-
comes light in weight and small in size, and the equivalent mass increases, which
naturally makes it handy and fittable into & small space. It is, therefore, considered
that a further effort is needed to improve the mechanical snubber toward this goal
so that a smaller-size, light-weight mechanical snubber of larger capacity will be
developed for use with even a larger capacity fact breeder reactor of the future,

Taking this opportunity, as the last concluding works, we, the writers of this
REPORT, cordially express our sincere appreciation of the assistance and suggestion ~
which were rendered to us in connection with this experimental work by Messrs.
Kinji Asano, Somei Kato, and Seiya Tamura at the Japan Atomic Power Co,, Ltd.,
and Messrs. Osamu Kawaguch'i' and Hideki Ito at the Power Reactor & Nuclear Fuel

Development Corporati on,
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resistance.

Table 3A. Resulfs of Static Workability Test (Vertical Test)
Flywheel | Specimen Csf:rlfclia:)?d 1 2 3
| Specimen No.-|  weight weight resistance | Speed | Resistance | Speed |Resistance | Speed | Resistance
kg) - (kg) (g) (cm/sec) (kg) (cm/sec) (kg) {cm/sec) (kg)
MSA-1A 68. 3 120 267 0.97 | 98 1.03 98 0.75 98
Not meas-
MSA-1B 85. 3 120 267 red (fell- / / R4 / /
' ' down)
MSA-24 8.53 160 274 0.51 115 0. 39 115 / -/
Notmeas-
MSA-2B 8. 53 160 274 red (fell- 118 / / / /
down)
MSA-3A 120.6 220 285 0. 34 150 0.45 - 130 0.44 150
_ Notemeas- :
MSA-3B 120. 6 220 285 red {fell- 148 / / / /
down)
Note: Refer to Appendices for the calculated starting




Table 3B. - Static Workability Test Results

{Horizontal Test)

Specimen | Flywheel [Specimen | Calculated 1
No. Weight | Weight | Resistance | gneed |Resistance |Speed |Resistance
(kg) {kg) - (kg) {cm/sec (kg) fcm/sec Rg) - -

MSA-1A 68. 3 120 347 0.04 750 0.1 L, 000
MSA-1B 68.3 120 347 0.04 1,000 0.1 980
MBSA -2A 85, 3 160 404 0.05 1,230 0,1 1, 500
MSA-2B 8. 53 160 404 0, 03 1,100 0.1 1, 000
MSA-3A | 120.6 220 428 0.05 §80 0.1 1,000
MSA-3B ‘:120. 6 220 428 0,05 7350 0.1 1,000
MSA-4A 0.16 25 628 / ' / / /
MSA-4B | 0.16 25 628 VA / / /
MSA-5A 0. 44 45 1,570 0.05 4, 200 0.1 4, 500
MSA-5B 0.44 45 1,570 0.1 4, 600 0.1 4, 400

Note: Refer to Appendices for computation of
calculated starting resistance,

‘Table 3C.  Irregularity of Horizontal Static Workability Test of MSA-1A

Test Frequency I 2 3 4 5 6
Speed (cm/sec) 1,18 1 0.55 | 0.59 | 0.11 | 1.15| 1.37
Resistance (kg) 1040 590 440 300 300 | 890
Contraction Speed (cm/sec) 0.89 | 0.64 | 0.58 | 0.49| 1.18 | 1.08 .
side ‘ Resistance (kg) | 1040 590 590 590 t 590 890

Tensile side

- 15 -




Table 4,

Results of Static Workability Test After Endurance Test

. Flywheel |Specimen| Calculated
Specimen - : . -
No. weight | weight | resistance Speed Resist Speed Resist
(kg) (kg) (kg) (em/sec)| (kg) |(em/sce)|  (kg)
MSA-1A 68. 3 120 347 0. 05 820 0.1 930
MBA-5A 0, 44 45 1,570 0. 05 3, 600 0.1 6, 800

- 16 -




Table 5

- 17 -

Frequeney Load (kg) Displacement {(mm)
Specimen No. . i
(HZ) Tension I Compression Tension { Compression
0.5 3000 3000 07 0.7
1.0 __
b 3600 3000 0.5 ]
MSA-TA -
50 2700 2700 04 04
10 2700 2700 n 4 0. 4
15 2700 2700 0 4 04
05 3750 4250 07 ns
1.0
50 53750 4350 0.5 0é
MSA—1A : .
50 375140 ‘4250 05 0 6
10 4250 4250 0.5 0.5
15 42510 4250 0.5 0.5
-
0.5 S500 4900 1. 2 1.1
1.0
. 30 6000 S100 07 0.7
M2 ax-1A
. 50 5000 5250 07 0.7
10 5270 50n4Q 0 s 0.6
15 5060¢0 5000 06 0.6
0.5 32 5¢ 5750 0.8 08
1.0
30 5325¢0 3750 07 0.7
MSA—1B .
50 3100 4500 07 07
10 3000 3750 0.7 07
15 3250 3750 07 0.7
0.5 4500 5000 0.8 08
1.0 )
3.0 53250 4000 0.7 0.7
MEA-—18B
50 4000 4500 0.7 - 07
10 4a0n¢0 4500 07 07
15 4000 4000 07 07
0.5 5000 5400 0.8 0.8
1.5
50 4500 5000 07 07
MSA-18B ;
5 0 5000 5500 07 07
10 5500 5500 07 07
15 5000 5250 0.7 07
Note ! This table iz applicable to Table 6, Table 7, Table 8, Table. 9



Table 6
: Specimen No. Freuency Load (kg) , Displacement (mm)
: (HZ) Tension Compression Tension | Compression
0.5 2750 3000 0.7 0.7
1,0
MSA—2 A 30 3250 3500 | 05 05
5.0 3000 3250 0.5 0.5
10 3000 3250 0.5 05
15 3000 3250 0.5 05
0s 400010 4500 1.0 1.0
1.0
MSA =24 30 3750 4250 06 0.6
5.0 3750 4000 0.6 06
10 4000 4500 06 06 |
15 4000 4500 0.6 | 0.6
0.5 5500 5500 1.3 1.3
1.0
MSA—2 A 30 2900 5200 0.7 0.7
5.0 5000 5750 07 0.7
10 5000 5500 07 0.7
15 5200 5500 0.7 07
0.5 3500 3200 0. 8 0.8
1.0
MSA—2B 3.0 3500 3000 07 0.7
5.0 3200 30070 0.7 0.7
10 3000 2800 0.6 0.6
15 30600 2800 0.6 0. 6
0.5 4000 4000 0.8 g8
1.0
MSA—2B 30 4000 4500 0.7 0.7
: 50 4000 4500 0.7 0.7
10 4000 4000 0.7 0.7
15 2000 4000 0.7 07
0.5 | /
1.0 /
MSA-2B 50 1
5.0 -
10 //
15 T

- 18 -




Table 7

‘Load (kg} Displacement (mm)
Specimen Ne. Frequency — - ‘ ,
(HZ) Tension Compress.lu!l Tension |Compression
05 5500 2500 12 0.8
1.0
30
0o .5 0.3
MS A—3 A - — 2500 35 0
: 2500 3000 0.5 03
1o 3000 3000 2.5 0.3
'S 3000 3000 0.5 0.3
0.5 5500 3500 1.7 1.3
10 ‘
30 o
' 3500 4500 0.6 4
MSA~3A 55 —
- 3500 4500 0.6 0.4
10 4000 4000 0.5 0.5
13 40009 4000 0.5 05
05 5500 2500 1.3 1.1
1.0
30
5200 6500 Q.7 0.8
: : 5000 6200 0.7 0.8
10 5500 5500 0.7 0.7
15 5500 5500 07 0.7
0.5 3000 3000 0.8 0.7
1.0
30
3000 5500 0.3 0.2
MSA—3B )
- 3000 3500 0.3 0.2
e 3000 3500 03 0.2
135 3700 3700 0.2 02
0.5 3700 4500 1.2 0: 9
10
50 n
3700 4800 04 03
MSA-3B =
' 3700 5000 0.4 03
10 4000 4200 0. 4 0.4
15 4000 4009 0, 4 0.4
0.5 6000 6000 1.4 1.4
11 n
) 30 5000 6500 05 | 0a
MSA-33 = \ - ~ —
‘ 5000 68500 05 05
' 0 5000 5500 5 0.5
1B 5000 “BRADN . 8 &
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Table 8

Load (kg) Displacement (mn)
Specimen No. Frequency
(HZ) Tension Compression Tension |Compression
0.5 4000 7500 ns n¢
1.0 4000 7000 08 08
320 4000 saonag 07 1.0
MSA-5A
50 4000 7500 07 09
10 4000 B500 07 1.0
15 4000 BO0DY9 0.7 1.0
05 5500 11000 1.0 1.5
1.0 5500 8500 09 1.1
30 550¢0 8500 0.9 0 ¢
MSA—5A
50 5500 8000 0.9 0.9
10 6500 6500 09 (].9‘
15 46000 1o00na0 09 11
0.5 60060 13000 1.3 1.5 .
1.0 4000 13500 04 1.0
30 2500 10000 04 1.0
MSA-SA - ——
5.0 25080 10000 046 1.0
10 3500 11500 0é 1.1
15 3500 11500 0.6 1.1
0.5 . 4000 4500 08 0.9
1.0 5800 4000 0.8 C8
30 3500 4000 07 87
MSA—-3B :
50 3500 45010 0.7 07
10 4500 4000 0.7 07
15 5000 300¢0 0.7 07
0.5 7500 7500 1 4 1.1
10 8000 000 1. 6 1.1
3.0 8000 6000 1.0 0.8
MSA-5B .
50 . 8000 75040 1.0 0.8
10 80O0OGO 8000 1.0 0.8
15 9000 8500 1.0 0.8
0.5 7500 g8gooao 1.6 1.3
1.0 7000 7800 16 | 12
30 75010 750 . .
MSA—-5B 500 .9 L0
50 7500 8000 1 0 .0
) : 10 7500 7500 1.0 .0
L . r 15 800D 8000 1.0 1.0
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Table 9

Load (kg) Displacement (mm)
Specimen No. Ffequ(e;;;; ) [ Tension Compression Tenston Compressic;r;
' 05 3000 3000 0.7 07
1,0
- 3.0 3000 5000 0, 4 n 4
MSA=1A 5 0 5500 5200 ed | 04
10 3500 | 3500 | o4 | oa
15 3500 3500 0.4 0.4
N 0.5 4500 4500 0.8 0.8
1.0 ]
MSA=1A 50 i ,...?.-Q,EE_ PO __6.2.0 .n-.....__._._‘._E'..f__,. __M.OL,?_
- 5.0 3500 3500 05 | o5
10 4900 | 4000 0.5 0.5
15 4000 4000 Q.5 0.5
. e S S U] PO LR SR o o
Lo |
3.0 5000 5000 0. 6 06
MSA—14A Leed
' 5. 0 5000 5500 06 06
1o 5000 | 5500 06 | 06
15 5500 | 5500 | 06 06
0.5 6 | 5500 04 0.6
| 1.0 0 6000 0.4 06
VS A—s A 50 0 6000 0. 2 06
5.0 0 550n 0.2 06
10 0 68060 02 06
15 0 4500 0.2 06
) T 05 o EXK 0.4 06
1.0 0 6500 04 | 06
" MSA=SA  |wan 50 .__.-__0__* A-~.EA§ﬁE_2M,_ . Ef ,,_AQ' 6_ -
5.0 n 4Lnn 0, 4 0 é
10 0 6500 0 4 06
o v5 | 0 | 6500 0.5 | o
0.5 1500 10500 oas | 1o .
N T R AR o S
. MEA=SA | D 1000 - IR LT L 0":;
: 50 100 | %500 05 09
oot yse0 0 9500 ns | o9 |
e Ty e | g e v e
- 21 -
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Fig. 6 Vibration Test Résull;s
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Table 10. Spring Constant Measvrement

% I Mean spring constant
5 10 15 20 25 30 (kg /mm)
_ 38 71 107 | 138 | 172 | 208
MSA=6 1 ey sy | a2y | o2y | cony (72) Pe
39 80 | 120 | 158 | 202 | 242 T
MSA—7 ' 80
(78) | (82) | (80) | (76) | (88) | (80)
Table 11. Resonance Test Results Total amplitude (ma)
Frequency MSA—& _ MSA-—-7
(HZ) Snubber Spring Ratio Snubber _S_p;i:[.;, —]_{aliu
10 5.4 2.6 0,48 60 0.8 0,13
2.0 5.4 2.6 0.48 6.0 0.9 015
30 5.8 2.6 045 6.2 1.6 0.246
a0 5.8 2.8 0.48 6.2 1.9 0.31
5.0 6.0 3.6 0.6 6.4 3.0 0.45
6.0 6.0 8.0 .33 6.6 6.2 0.94
70 6.2 10,2 1.65 7.0 14,8 2.11
80 6.4 6.6 1.03 6.2 14.8 2.39
8.5 S 66 58 .03 6.4 14.8 2.24
9.0 7.2 7.2 1.0 6.6 124 189
95 6.8 7.0 103 6.4 90 134
10,0 4.0 6.0 1.0 6.2 72 116
10.5 56 5.0 0.89 . 5.6 5.6 1.0
11,0 5.4 4.4 0.79 5.6 4.7 n.84
12.0 4.4 54 0.82 4.4 3.8 086
130 58 3.2 0.84 4.0 3.0 0.75.
14,0 34 2.4 0.7 3.4 2.6 676
150 3.0 2.2 073 3.0 2.2 0.7 3
16,0 2.7 2.0 0.7 4 2.4 1.8 0.6 9
17.0 2.4 15 0.63 2.4 1.7 0.7 1
180 2.2 1.4 0.6 4 2.2 1.5 0.68
190 2.0 1.3 0.65 2.0 1.3 0.65
R L R 0.6 1 1.8 1.0 05 6

- 923 -
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APPENDICES

Detailed Design of Specimens

Theoretical Basis of Mechanical Snubber

Relation between Displacement and Load

A consideration was developed to see how displacement would occur on a

mechanical sunbber by the force of inertia of the ball screw lead (pitch) and the
flywheel when the mechanical snubber is applied a vibration-load of certain sine-

waves,

1-1. Motion of Flywheel

/ /—\\ In the rotation angle ¢ of a rigid body:
f L)} N (moment)
|\|\ )

\_/.

Motion of a rigid body with a fixed axis

I=fr?dm r: Radius

m: Mass

~ 1-2, Motion of Ball Screw,

From the relation between the screw's thrust and torque:
2p«N=¢-P

. n_ Psinwte®

L~ N= 27 ARRRRLEELE T TRRPRPRRPPS (2)
Psinwt:  Input frequency |

~ 2: Screw's lead

N:  Torque

1-3. Relative Motion of Screw and Flywheel. :
From Equation (1) and (2):
d? ¢ PR

dez T2y Sinet
do _ P
At " Ire Costh+C:

- 25 -



0] =_“_£-Q_z Sinwt+Cl+Cg

2rlw
Assuming that the vibration f requency is sine wave motion, give
Equation (3) the condition of t = 0, ¢ =0, then,
PR : '
¢ = T’ Smwt.+ Cit oo (4)
Giving Equation (4) the condition of ¢ (t = 2 }=0, and then from
Cit=0
pR :
¢ = ‘-2—1?1-‘;2— Sinwt L. (5)
On the other part, the relation between the ball screw's axxal
displacement and the rotation angle of the flywheel;
2n; % =¢; dt) .
. _ %9
. d(t)-ﬂ—- ........................... (6)
d(t) : Screw displacement
2 : Screw lead
¢ : Rotation angle of flywheel -
Assuming the period as T, w _2'1:’"_ ....................... {7)
Substituting it with the equations of (5), (6) and (7)),
' P22 T2 27
d(t) = 16791 Sin ( T 1 (8)
The maximum of the absolute values of d (t) in Equation (8) is at the
time of t = T/4, 3T/4, and assuming the value at that time as d, it is;
P 22 .
d= W ............................ {(9)
Provided that,
f =T
I =1/27p ¢R*
2, Relation between Inertia Force and Equivalent Mass in Mechanical Snubber, -

Assume the rotary inertia force of the flywheel as an equivalent and apparent

mass effecnvely working in the support direction of the snubber,

.- 26 -



2-1,

4

¢

—

Energy (E) Generated When Snubber Works Only by 5.

1

N

1 +M8%)= 0Ly +myst B

Energy (e) when the general mass ME moves only by §
1
E =

, it is,
Med? . (Here, Me is an equivalent masgs)
7@ Erems = Lpes

Me=1 (£)+M

......................... (10)
2-2, Relation between Ball Screw Lead and Flywheel.
¢ = %”— O (11)
From Equation (10) and (11},
l\rIe-=—4;;—:i I'+M
Here, from 4n I M
Me = 4;2’2 S (12)

Summarizing the theory of the mechanical snubber,

4
itis, p= 207 f7 d

E I, (9)
: 4 2 '
From Equation (12), Me = R T R RO (12)
From Equation (9) and (12), —1\% =4 2 d e (13)
P = Kg (load)
Me = Kg- sec? /em (equivalent mass)
d=cm ,
f = 1/sec

-927 -



1L, Design of Specimens

1.  MSA-1, 2 and 3.

The performances of MSA-1, 2 and 3 are all identical, while the configuration

measurements of flywheel differ from each other because of the difference of lead

in each ball screw. The design of flywheel at the time of Me = 1,000 kg- sec? /em,

4 72

Requirement (I) kg- cm/sec?

Me = e I
MSA-1 2 =0.5cm I=6.339
MSA-2 g =0,6cm 1=9,128
MSA-3 £ =0,8cm I=16.23
| I e - ﬂ‘-’.‘ R1 =2,5cm
- t : Ra=7.5
!__1..____&_. 2
| t, = 30.5
tz = 17. 5
R (=Pt R* paty R pmt, Ry
- 2 2 2
t
RN * SN _ 21 t; Ry* |t Ry
R.= 4\/ ot t T
MBSA-1 R =12,1049 cm
MSA-2 R =13, 1608 cm
MSA-3 "R = 15,0805 cm
2, MSA-4 and 5.
* Ball screw Acceleration Me Width of
lead (cm) ratio Kg- sec?/cm flywheel (em)
MSA-4 0.3 96 500 1.0
MSA-'S 0.6 - 104 2,500 2,0
. . L
I =% 2 =L/G L: Ball screw lead (cm)
G: Acceleration ratio
21 7.85 '
4 - = =82 -3 ke, gec? 4
R ot P 980 ¥ 107 kg. sec? /cm

- 28 -



MSA -4 R =2 28013 ¢cm
MSA-5 R=3.0219cm

Equivalent Mass of Test Specimens MSA-6 and 7.
3-1. Flywheel's Me. '

) =i g I =
- - @ v - - ml w m’ .
< - =1 - ™ - =
- e R W N I.__-._.%L A E]E
T s i
| ¥ ] -
08ps7| 10 || 09 Jog 08 60225 , 71733“_[ 10 7
[T TagsTT T - ' 023 {
T 195 -

2
Me = 4;: I+M (kg-cm. sec?)
I = pw R* t/2 (kg- sec® /cm)
M =p7R*t (kg-sec?/cm)

I=p1/2 (0.3 x 0.8+0,6% x 0.57 + 1.095 x 0, 23 + 1. 0% x 0.9 + 0. 75% x 0.4
x1.0*x 0.9+ 1.1° x 6.0225 + 1,025 x 7. 1775 + 1. 15% x 0. 23 + 1. 0954
x L0+0.6%x0.27) =0.0002774
M= pr(0.32 x0.8 +0.62x0.57+1.0952 x 1,0+ 1.152 x 0,23 +1.02 x 0, 9
+0.75* x 0,4+ 1.02x 0.9+ 1. 1% x 60225 + 1, 0252 x 7. 1775 + 1. 152
x0,23+1.0952x 1.0 +0,6%x0.27)= 0,000501

4 72

0.82
3-2. Case's M

Me =

x 0.0002774 + 0. 000501 = 0. 01759

M
i) Linear motion bearing 0 00177
ii) Flange = - 0. 00011
iii) Load bearing flange ~0.00160
iv) Tie rod : "-O. 00123
v) Spring's bearing plate 0. 00724
vi) Band 0. 00225
0. 01420

Consequently, MSA-6, 7's Me = 0, 01759 + 0. 01420 = 0, 0317

kg. sec?/cm
- 29 .



4, Calculation Method of Starter Torque of Mechanical Snubber.,
4-1. Premises of Culculation.

a)} Friction coefficient

Assume the friction coefficient of the entire bearing section as u=101 .
b) The relation between the ball screw thrust (P) and torque (T) is
expressed by the following formula:

27.T
P e — ¢ : Pitch of ball screw
2(1l-p)

c) Friction at the bearing section

T =p My
- 3 R? -1?
7 74// Tv = 5 M w RI -2
2

r

4-2, Start-up Resistance of Snubber,
4-2-1. MSA-1

i) Flywhell weight 68,3 kg (w)

ii) Ball screw weight 6,00 g N=pw
iii) Ball screw pitch angle 1°48' (a) f=Wsina
Ball screw lead 0.5 cm '
iv) Weight of test specimen 120 kg (WT)
- a) Siarting torque in the case of a vertical test:
| N=0,1x6823=68.3
f=68.3xsin1°48" = 2. 18

T _3 33 - 28
V——z—x 0.1x74.3xw = 18. 814 kg.cm

The thrust P against Tv is 1, (b), from which,
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2. Tv _ 2w x 18,814
¢ (1-M) ~ 0.5x0.9

Consequently, the start-up torque (F) of MSA-1 is:
Fv=N-f +P=6.83 - 2, 18 + 262, 55 = 267, 2 = 267 kg

P= = 262. 35

b) Starting resistance in the case of horizontal test,
TH =pWTr =0.1x120x2=24 kg-cm
N =pgWT =0,1x120=12

_21ToTH _ 21?'24
Te{l-p)  0.5x0.9

Fu =P+ N=12+334, 9 =347 kg

P

= 346, 9 = 334, 9 kg

4-2-2, MSA-2 and 3.

From the sam-e calculatic_m of MSA-1, MSA-2and 3 are:

Vertical Fv =274
MSA-2

! Horizontal F = 404

: ' Vertical Fy = 285
; MSA-3 - ,
Horizontal F =428

l 4-2-3. MSA-4 and’s
} ' As for MSA-4 and 5, the same consideration as above mentioned is

applicable. But starting torque of accelerator is included among

starting torque in this case,
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