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ABSTRACT

In order to determine the time interval between
catastrophic failure of a vacuum component and the
arrival of the resulting shock wave at some critical
point in the rest of a long vacuum pipe, e.g. the beam
line system at synchrotron radiation storage rings,
experiments were performed with various entrance geome-
tries and pipe diameters. An important conclusion that
can be drawn from these experiments is that a slit, e.q.
the exit slit of a monochromator, serves very effectively
to slow the shock wave down. Thus if accidents can be
restricted to the experimental chambers employed on beam
line systems behind a monochromator, shock wave flight
times of greater than 30 ms can be easily reached in a
length of 3 meters.

The problems resulting from the accidental venting of a syn-
chrotron-storage ring are sufficiently weighty, as to warrent
an experimental examination of the shock wave produced by ca-
tastrophic failure of some vacuum component, for example, a
window. In the past, several such shock wave experiments have
been conducted1-‘. Out of these efforts emerged in particular
two facts: (1) The absolute velocity of a shock wave into vacu-
um ( < 10-3torr) is about 1 m/ms and(2) the velocity can be re-
duced with baffles by a factor of 3-5 while maintaining an open
line-of-sight optical path. Thus by incorporating into a beam
line on a storage ring a section of pipe with the aforementioned
baffles, a delay line, the time necessary for a shock wave to
reach either the storage ring itself or a branching point lea-
ding to other experiments can be made sufficiently long that a
fast closing valve can be closed. Thus, from the standpoint of
protecting the ring etc. from accidental ventings, the essential
parameters for the design of beam lines are: 1. flight time of a
shock wave; 2. closing times of available valves and 3. the cost
of the valves.

Regarding points 2 and 3, presently available all metal (bake-
able) valves have closing times of 20-30 ms and cost on the order
of § 10,000 each. There is reason to believe that valves with a
closing time of about 10 ms will be commercially available in the
next year or so. The development of still faster all metal valves
does not appear likely.

The work presented here deals with point 1 above, that is, the
flight time of a shock wave in a beam line for several common con-
figurations. In particular, the assumption is made here that such
a "catastrophic failure" of some component will most likely occur
on an experimental chamber at the end of the line and not on the
beam line itself, the latter consisting of absorbers, valves, shut-
ters, mirror boxes, piping and a monochromator. Experiments were
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performed in order to determine the effectiveness of an exit
slit of a monochromator and a scattered light baffle in slowing
down the influx of air into the beam line. Thus, instead

of inserting a delay line, which is sometimes not readily fea-
sible, we propose to use the exit arm of the monochromator as
such: it is already there, and it represents as well the fur-
thest point from the storage ring that is relatively impreg-
nable. Furthermore, the shock is limited at its inception and
the remaining plumbing is therefore optimally effective in

yielding long shock wave flight times.

The following general configurations were tested (for full de-

tails, see "Results" section}.

8 meters of pipe
scattered light baffle + 8 m of pipe
8§ m of pipe with 90° bend.

1. Optical slit
2. Optical slit
3. Optical slit

4. Larger openings

+ o+ + o+

the above combinations.

In addition, the 8 meters of pipe were arranged in twe configu-
rations: 1, experiment (window to be destroyed) + smaller pipe
(1oc mm) + larger pipe (150 mm) for a converging optical beam,
€.g. the exit side of a mirror box or monochromator and 2, lar-
ger pipe (1oo mm) + smaller pipe (63 mm) for a diverging opti-

cal beam e.g. for direct, non-refocused radiation from a storage
ring. Finally, several slit configurations were employed, from
©.20 x 6.0 mm to a 60 mm diameter hole. The 9o° bend was intro-
duced tc simulate the deflection due to a monechromator or mirror.

Experimental;

As experimental set Up we used the beam line test station at the
Hamburger Synchrotronstrahlungslabor BASYLAB[S|modified for our
experiments, o

A schematic diagram of the experimental setup is shown in Fig., 1
and relevant information reqgarding pumps and gauges is provided
therein, The rise tires o= presssure gauges P1, P3 and P4 were

previously established to be less than 1 ms for full scale read-

out. Not shown in Fig. 1 are the separate pipe parts which were
connected by means of standard ultra high vacuum flanges. The
base pressure in the line was of the order 1 x 10—6torr. It was
cxperimentally established that the results (flight times) were
unaffected for starting pressures of less than 3 x 10-5torr, and
most tests were made at 1. 5 x% 10_5torr starting pressure. The

pumps (TMP) were allowed to pump during tests,
The timing measurements were made as follows:

P1 (see Fig.1) served as the trigger signal for two instruments:

1. Time interval meter (good to nancsecond region)

2. Storage oscilloscope

P3 served as the Stop signal for the time interval meter.
P4 was the analog signal of a o-1 torr capicitance mancmeter and

was displayed on the storage oscilloscope.

Both P1 and P3 produce an output pulse when a pressure of 3x1o-5

torr is reached. Fig. 2 shows typical results obtained, 2a is for
an 0.25 x 8.0 mm slit without aperture and 2b is for an 8.0 x

9.0 mm "slit" without aperture. In the latter case, a disturbance
of the pressure rise is clearly visible. This point is discussed

in the "Results" section.

The location of P1, between the film and the slit, gives the best
sensitivity and earliest warning. Such a sensor would be mounted
either on an experimental chamber or on the exit slit housing of
the monochromator behind the exit slit. In practice it is recom-
mended that two such sensors, located at the same point, be used
in coincidence with each other since noise spikes could otherwise

accidently close the fast closing valves.

The mylar film (0.1 mm) had a window area of 6o mm diameter as was
destroyed with a pendulum mechanism with a 30 mm diameter serrated,
sharpened face. The reproducibility of the results was not depen-

dent upon whether the pendulum was forcibly swung against the film

or allowed to swing freely against it.



The slit plate is general consisted of a 1.7 mm thick stainless
steel disk mounted and sealed in the tube with an O-ring at the
point shown in Fig. 1. The only leak is through the slit itself.
The o0.2¢0 X 6.0 mm slit was such a disk with a slit milled through
with a 0.200 mm thick saw. It was thus a relatively thick slit.
To be certain that only the slit opening is important and not the
depth, a second slit was made. It consisted of a disk with an 8.0
x9.0 mm hole milled in the middle. Two pieces of 0.25 mm thick
stainless steel shim stock were securely spot welded to form an
approximately ©.20 mm wide slit. It was measured on a microscope
table and found to be wedge shaped, ¢o.2c mm at one end and o.30
mm at the other. The length of the slit was 8.0 mm. In table 1,
this slit is referred to asa 0.25 mm slit. The same disk with the
8.0 ¥ 9.0 mm hole was alsoc used as a slit without the shim stock

slit "jaws".

The 15 mm diameter aperture was a conical skimmer the lip of which
was located 26 c¢m behind the slit. It correspends to a 58 mrad x
35 mrad aperture when used with the 0.20 x 6.0 mm slit. The 8x9mm
aperture was like the 15 mm diameter one {conical) only a rectan-
gular opening milled cut. It corresponds to an aperture of 3o mrad
x 12 mrad when used with the o0.20 x 6.0 mm slit. It had been pre-~
viously found (4) that a spacing between delay elements of 25-3ocm
vielded the most effective delays.

The 90° bend is a mitered and welded loo mm pipe i.e. an abrupt
right angle. The total length of the 90° bend including flanges was
29 ¢m along the centerline.

The chamber at the (storage ring) end of the line was 30 cm in dia-
meter and 50 cm long and was concentric with the pipework. It has a
volume of approximately 41 liters with the sidearms included.

The measurements were performed as follows:

The mylar film (window) was mounted and the system pumped out
to at least 2 x 10-5torr. All pressures were recorded. The
pumps were allowed to run. The timing devices were armed and
the film destroyed with the pendulum device. The stored os-
cilloscope display was photographed and then the pumps and
gauges shut off. Since the reproducibility was always within
i+ 5%, only two tests were made for each beam line configura-
tion.

Results:

The data obtained in thc mcasurcments were: 1, the time (T1)

for the shockwave to cause a pressure rise in the chamber (P3)
to 3 x 10-5t0rr; 2, the pressure rise with time over the range
o-1 torr (P4) also measured in the chamber. From 2, the time re-
quired for the chamber pressure to reach ca. 0.02 torr, T2, the
smallest significant signal from P4 on the storage oscilloscope,
was cbtained as well as the time required to reach 1 torr (T3)
and the rate of pressure rise in the high pressure region (>0.2

torry}.

All of the results are given in table 1 along with the relevant
beam line configuration for each case. Since the beam line was
approximately 8 mcters long, the average velocity is readily ob-

tained and ranged from 1 m/ms to 0.05 m/ms.

Several gencraliationsare immediately discernable:

1. The 90° bend contributes less than 5% to the flight time
{length corrected for). Thus non-linear geometries (mono-
chromators, mirror boxcs) offer essentially nothing than
a length for a delay.



2. Slit construction, i.e. . thick or thin, is not critical.

3, Slit size is of deciding importance for the flight time.
The product of slit area with the T1, T2 and T3 corre-
late fairly well for small slits, all other things remaining
constant. This conclusion is drawn from the two directly
comparable measurements, Expt. 2 and 5.

4. One {(conical) 15 mm diameter aperture, 26 cm behind a
slit, delays the shock wave between 40 and 70% for T1
(3 x 10“5torr), between 17 and 61% for T2 (0.02 torr)
and between 2 and 52% for T3 (1 torr). Thus the effec-
tiveness of an aperture is greater at the earlier (low

pressure) times.

5, One 8 X 9 (conical} aperture increased Tt by 6o% for
the ©.20 x 6.0 mm slit by 116% for the 8.0 x 9.0 mm
"slit". Thus, one scattered light aperture would serve

well as a delay element.

6. The T3 (1 torr} times and pressure risevalucs correlate
roughly with slit size, i.e. at long times the rate is
simply that of a leak, dependent primarily on the cross
section of the leak and not on subsequent apertures,
geometry, or pipe diameter.

7. The volume of the system has only a small effect on the
T1 times. The total volume was changed by a factor of 2
on going from the 150 mm pipe to the 63 mm pipe, while
the total length remained at about 8 meters. For the
narrow slit, T1 changed by 40% but for the 8.0 x 9.0 mm
"slit" and for no slit (60 mm diameter hole) the change
in T1 was ca. 10%.

-7 -

It was not possible to directly measure whether the shock waves
accelerate as they propagate.However, the fact that the different
pipe sizes yielded flight times that were comparable, except for
the smallest slit, indicates that the velocity of the shock waves
is independent of pipe size and is therefore probably constant.
Thus, it seems safe to assume that the times given in table 1
can be scaled for other overall lengths.

In all of the experiments reported here, air from the laboratory
i.e. mainly nitrogen, was the gas that was admitted to the sys-
tem. Other gases, especially helium and hydrogen, have higher
velocities, helium about double that of air (4}.

The 8.0 x 9.0 mm "slit", when used without an additional aper-
ture, exhibited a hitch in the pressure rise curve (see fig.2b)
which correlates well with twice the T1 time. This hitch is at-
tributable to a reflection of the shock wave from the chamber
end of the pipe. Unexpected is the fact that the leak rate ob-
served, when the reflection is present, is significantly higher
than otherwise, and the T3 time significantly shorter, although
not correspondingly so. The use of an aperture eliminated the
reflection in all cases. There was no correlation between the

use of th %0° bend and a reflection.

Conclusions:

The exit slit of a monochromator along with a scattered light
aperture some 25-30 cm behind it form a very effective delay
line, yielding shock wave flight times as long as 0.05 m/ms

for the case of a 0.20 x 6.0 mm slit with an 8 x 9 mm conical
baffle. Thus, in principle, a beam line 1.4 m long with such an
arrangement would yield a delay of 25 ms, about the time requi-
red to activate and shut presently available fast closing valves.
Larger slit openings can be considered by scaling the results
presented here, A factor of 2 for the neccessary length of pipe-
work should be used If helium or hydrogen are likely to be the
gas admitted. Larger openings are also discussed and data presented.
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tely to scale in the horizontal direction.

1. Schematic layout of the test apparatus. The drawing is

{a) 0,25 x §.0 mm slit

without aperture or 90° bend (Expt. 7, Table 1). Ab-

a is 50 ms/cm. Ordinate is 0.2 torr/cm.
{b) B.o x 9.0 mm "slit" without aperture or 90° bend

2. Oscilloscope traces of two runs.

{Expt 1o, Table 1). Abcissa is 5 ms/cm. Ordinate is
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TABLE 1
Expt. Slit Conical 9o° Length of Length of Length of T1 5 T2 T3 Rate of
No. (mm) Aperture Bend loomm Pipe 150mm Pipe| 63mm Pipe 3xlotorg o.02 torr| 1 torr pressure Rise
{cm) {cm) {cm) (ms) (ms) (ms) (torr/ms)
i 0,20 X 6,0 - ves 261 529 - 63 120 11o0 9.0 x HOLH
-3
2 c,20 x 6,0 15mm Dia. yes 261 529 - 87 140 840 1.4 x lo
3 0.20 x 6,0 _ o 232 _ 504 87 l6o 760 1.6 x 107°
-3
4 0,20 X 6,0 8.0x%.0 mm no 232 - 504 140 230 830 1.8 x 1o
5 0,25 x 8,0 | 15mm Dia yes 261 529 - 76 150 630 1.6 x 1o-3
-3
6 0,25 x 8,0 | 15um Dia no 232 529 - 72 B 6% 1.6 x 1o
7 0,25 x 8.0 - no 232 529 - 47 % Edo 1.7 x 1672
g 8,0 x 9,0 - yes 261 529 - 16 27 37 o.1
2 8,0 x 9,0 15mm Dia ves 261 529 - 26 40 53 c.09
i 8,0 x 9,0 - no 232 529 - 14 23 33 .2
11 8,0 x 9,0 1Smm Dia no 232 529 - 24 34 50 0.08
12 8,0 x 9,0 - no 232 - 504 16 n 45 o.08
13 B,o0 x 9,0 8.o0x9.0 mm no 232 - S04 34 53 76 0.06
14 60 mm Dia - no 232 529 - 8.0 t3 17 0.4
15 60 mm Dia - no 232 - S04 8.4 13 20 0.4
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Mylar film to be
Experimental Setup ruptured ]
Scattered light
300 um diam. aperture (when used)
¢hamber 1
Location of 90"
bend (when used) .
Slik
Pendulum
P4 P2 P1
i ! | N
I ¢
.~ TMP 2 QPI
TMP 3
150 mm pipe or 63 mm pipe (see text) -—l— 100 mm pipe
PI,P3 — 2 1/s Ionpumps. Specially wired as Pressure Sensor, Trigger signal obtained ac 3 x 10-5 Torr
P2 _ Penning Gauge for general pressure measurement, Not used for timing.
P4 —_— Capacitance manometer
TMP 1 —_ 70 1/s Turbomolecularpump
TMP 2 — 140 1/s Turbowolecularpump
™P 3 — 140 1/s Turbomolecularpump

FIG. 1












