10622 —(oo) /Y-

Daresbury Labbratory

{Ingtrumentation)}

technical memorandum

w DL/SRE /TH 14

DL/SRF/TM 14
ol
(Instrumentation)

S e

A REVERSING TIMER FOR PROTECTION OF UHV APPARATUS FRCM PUMP FAILURE

by

R.W. SILVERSIDES, Daresbury Laboratory

AUGUST 1978

LENDING Cory

; Science Research Council

Daresbury Laboratory

Daresbury, Warrington WA4 4AD



) SCIEMCE RESEARCH COUNCIL 1978

Enquir%es about copyright and repreduction should be addressed to:—
The Librarian, Daresbury Laboratory, Daresbury, Warrington,
WA4 4AD,

IMPORTANT

The SRC does not accept any responsibility for loss or damage
arising from the use of information contaned ir any of its reports
of in any commuaication about jts tests or invastigations.




1. INTRODUCTION

Most gynchrotron radiation experiments call £or an open path fxom a
source, through & menochromator and inte an experimental assembly, all of
which are evacuated to balow 10-7 terr. If a beam line is shared by
several experiments, as in the original Synchrotron Radiation Facility
{8RF) at Daresbury. light may have to pass th¥ough sewveral dormant mGno-
chromators to reach the active ong., The assembly bocopes tens of metres
long and has to ke pumped continuously by the monochromator pumps and
perhaps one or twoe large pumps in between. Pumping it down to ultra high
vacuum (V) after a spell at atmospheric pressure may take days: even
with a smallar system a gsmall mistake in rebullding can set a programme

back seversl hours.

From time to time individual sections have to be opened to the atmos—
phere, and sogate valves are mounted between them and UHV pump sets fitted
to nost of them, Access to a section may then be gained without spoiling
the vacuum elsewhere. A control system iz then needed to Interlock the
valves safely and to help supervise changes in the state of the line,

Such a systew was bullt Ffor the SEF uwslng ‘mimie mogules’ to adapt quickly
o changes in bewms line configuration and a set of simulators for mainten-

ance, dsmonstratlon and {in emergencles; bridglng.

If a pump fails to keep up with tha vacuum in the vessel it should be
evacuating, the vacuun wounld bs better still with it disconnected.
further, there is a risk of contsmination from the oil in the pump, lead-
ing £6 ruln of & custly diffraction grating. One item in the SEF vaguun
control system was designed to cover this risk in as realistic a way as
posuible.

2, IDENTIFYING THE PROTECTION PROBLEM

Flgure I shows a typlosl monochromater assembly to be protected.
Under normal conditions the pump keeps the vessel at UHY, the pump isola-
tisn (S} wvalve 1s cpen and the gauyes monitor the pressures in pump in-
take and vessel., I¥ gagge B reads lower than gauge A there will ba a net
fiow of gas molecules into the pump, i.e, the puwp is eft‘ec:tive, If 1t
reads higher, gas and oil wolecules will sccumulate in ths vessel.

If we wish to fix a limlt on the guantity of substance leaked into
the vassel before the QS valve cuts off the pump, we need to know the
integral of presgure dfference FPh-Pa so that if

Lt

vy
'I'-Mﬂf (Ph=-Pa)dt > allowsble llmit
0

the pump ts igolated, At present the coold-cathode gauges uwsed for moni-
toring do not yvield remote~reading outputs large or rellable ancugh to
lend & magnitude to {Ph-Pa) but we may safely use its sign. We are there-
fors left with two quantitieg to use: the times elapsed while Pa>Pbh amd

) while Pa<ph,

3. BOLUTIONS

3.1 Original

Zarller pump controls ugsed the following segquence:

{1) Reading Pa falls below an arbitrary threshold Pt eheafl of #b,

{2} Timexr starts, and only resets if Pb alsc attains the low
threshold,

{31 After Tl (510 minustes) with Pa bettexr than Pb, gF wvalve closes.

{4} If ?b has not caught up within TI (15 s} the pump is switched
eff (95 steys closed).

{4A} If FPb dows catch up the whole cycle resets.

Whilst this method 4id protect the assembly, it caused nulsance and was

not always true to real needs because

{a) Setiing of Pt was subiect to drift, was never visible and yet
should have been accurately matched for Pa anf Ph because of the
usually small difference between them;

(b) The test of state should preferably be valid over the whole range
of Pa and Pb, not just referred to one threshold;

{c} 712 was set by tawmpering with switch levers ingide the timer, so
that om\& of the two switches operated about 15 s later than the
other;y in practlice, T2 was fixed, and in most cases was far too
short - 0.5 to 3 minutes would have been more reallstic, and



harmiess as the pump would be isolated at that tine;

{&¢} Account could not be taken of the performance of the pump: in
a borderline case it could be shut down ugmoewanly. Lime
after time, during initial pumpdown, or could be allowed genh-
erous access to the line when only just able to puamp itself cut,

3.2 HNew method

hs wag pentioned above, the sign of {Po-Pa) was to be used bub not
the magnitude. Our atiempt te uvse it as fully as possible consisted in
debiting and crediting time from allowances T1 and T2 set on separate

switchea i .

A healthy state is assumed, until:

(1} Pa drifts below Ph {mnywhere in range) ang an 'excess pressure
in pump' signal is éent from the pumped section mimig/contiol
module ln the remote control’ area:

{2} A timer counts from zers towards Tl (debiting) and continues
while Po>Pa. If the pump vacuuwm outstrips Pa agaln, the tiper
reverses, thus crediting up o the maximum Tl {(at gero count):

(3) If the debit time reaches T1 the S valive closes and a new count
new proceeds from zerc to T2. (In the prototype the count rate.
was then increased tenfold becausse T2 was ‘expected.to’bs much lase
than Ti.) The deblit-uvredit systen appiles to this count period
as to the first) '

{4} ¥hen allowance T2 1s exbausted the pump is switched off and Lhe
unlt stays in the ‘inhibit pump' condition {revealing the cause
of the stoppage as <istinct from cocling water failure atg,) or

resets.

hs the sequente does not allow short cuts back to the stars, if the pump
spends time in & suspect gtate it is ohliged to spend just as long cleaxr—
ing up the wess it has caused hefore belng reconnected and xega;ining its
full time allowance.

4. THPLEMENTATION

4.1 Controls and dperation

*I‘he ngw protection scheme ls meant to obviate attention before a
fault ﬁeveiops. Il.?it succeeds, only the indicators an® the latch/clear
switeh need be mounted en the front pane). Standard indicators are:

i

Tdme a%cam: =
Recover

Standby fthe starting condition - confirems 'p%war‘nn'a
Active (some of Interval Tl elapsed}

Iselate (@S valve cannct open; some of T2 slapsed)
Stop {end of T2; pump switched off})

A digltal display, %o be seen from the front of the unit, may be £itted and

wired as shown in a:n inset to DL 01/9227. It serves to show the elapsed
tima {in counts up to TL wr T2 ~ theA aat"i‘ve/iaolate signals show which one
zpplies} and only lights up in and beyond the active state, The design
provides for it in cose users prefer o keep & watch on 'thﬂ timing process,

‘The Latch/clear wwitch, iz latch mede, causes the unit to latch on
reaching the step state until reset by svgitching to ¢lear, wr, if left in
clear 'mode, to clear itself when the 'HVP ON' signal from the putp control
cirenits disappears,

The other switches preset and test the unit and would be mounted out

of sight. These are:

Auto/manuval pump stop {(normally get teo Tauto'l
Set interval Tl preceding isolatlon {thumbwheel)
Set interval T2, isolation to shutdown {(ditto)}
Push to test cycle, '

A £ront panel layout sultable for most applications 1s shown In fig. 2.
Under time-dewn gonditions control dan shift all the way from standhy

Lo stop if conditions persist. Under recover, though, the only auionatic
stage shift iz back from stage 3 (T2 peried) to 2 (T1 pericd). Stage 4

4.


http:expected.to

{stop) must cause A ‘stop pump' coomand to be sent to the pump centrol Section 3.1l. Therefore there are interface clroults sttached to the pain

edreuwits, X the auto/manual switch keeps the pump running the protecition
unit freezes In the stop stage whatever happons to Pa,Pb and the (8 valve,

‘eircuit: ag the inputs the TIL ciycuit 1s interfaced with the l10 ¥ a.c,
T drives intended for the ¢lutcdh and motor of the Londex timer, and outputs
are ficating changeover contacts corresponding to the two tampered-with
timer contacks. An interface for LI V¥ a.c, te isolated TTL is shown in

In stage 2 {active) 1f recovery persists until the Tl time is credited .
kagk to zero count, the unit remains ay stage 2, indicating active instead

of reverting to standby, as a warning that protection has heen running fig. 3.
since pumping started, Standby will return when the ¢S valve is closed.

4.4 TTL vontrol clrenit ("E' numbers apply to0 Ref. 2}

4.2 Input and output signals  {See Ref. 1)

The signals and the resulting actions are as follows: A 4-bit bidirectional shift register Ell, loaded with 1,0.0,0 on
resetting, acts as master gutput control. During time-down the *1°

woves from left to xight, agting on the stage indicator and relay clrcuits
as it dees so.  {1,0,0,0 is stage 1 and 0,0,0,1 stage 4.} Recovery shifts
the *1' the oppousite way. Time intervals are measured b% bidireptional

counter EZ, adding debii counts up to the limlt during time-dowsn and sub-

SEGRAL ACTION

Exceds pressure in pump Sets direction to time down instead

of recover

bressuzre Pb below a Effective only afier timer has closed

threshold assumed to be
at the lowest usable
reading (110 V drive -
formerly to stop clock
wmotor)

08 walve and is within isolation time
T2. Than freezes the count; vhen it

digappears the count can continue up

or down according to conditiong,

HY pump on {+ 24 v

EZnables timer to proceed.
Reset operates when this $igﬁal gig-

tragting credit counts down to zers during recovery.

The whole clrowit runs through a recurring cycle of steps, only one

of which adds ox subtracts a time count. A strobe generatoy, driven by a

1455 timer, issues commands to the sub-clrcuits in the following order:

1. Tast conditions {Pa Vs. Pb}

drive} 24 Pause
appears, unless unit switched to latch 3. Count 1/100th of a T1 count or 1/10th of a T2 count, or do
znde. nothing, depending on stage in the protection sequence
95 Closed! Inhibits shift from standby to 4. Fause
active. 7 . 5. Store any just ceuse for shifting to next stage
i.e, If pump is isclated the unit doen 6. Pause
not become ipvelved, whatever the 7 Carry out shift, 1f zequest left from step 5
condd tions. - 8, Pause

g, Strobe resst when request present

1o, Load timer with zoxo (befora upward count) or limit T1 (Jusk
after shifting from swtage 3 to stage 2) aceording to stage and
4.3 Interfacing

direction.
5

Although the new circuit could have been added to the existing pusp
The direction of counting and shifting [dlme~down and recovery) is

wmtrolled by two £lip~flops E1A and E1B, The combination of their out-

controls in a slightly more efficient way, it was intended to sexve first
as a dlrect replacement for the Londex timex usad as degcribed in



pubs controls E2 {up/down) and Ell (left/right/load). Conditions which
demand a shdft at the next strobe are latched into E10 af step 5, where-
upon the new stage in the segquence applies new criteria and the shift
reguest disappears. the reguests ocriginase from the limit Clrcultry for
wpward counting, from ‘max/min' putput from E2 for downward, {rom reset

" and from the conditicn (standvy.¥ime-down.GS-not-clicgsed). Limit cirtuitry
iz arranged bc supply a switch-set limit for comparison, leoad the limit
itself prior to counting down and load zere prior to counting uvp. .The
comparisons are done by simple exclusive~ur clrouvits with outputs fed to
shift request logie. A reduged version of the ecircuit is shown in fig, 4.

5. FURTHER DEVELOPMENT AND APRPLICATIONS

The basic scheme may be adapted to other situations where a number of
status signals can be raduced logically to one 'deterioyating/recovering'’
signal and whaere ground galned or lost varies symmetrically with time, A
rabte contrel could be included by substituting & woltage-contrxollied oscil-
lator for the flxed oscillator and controlling the frequency with the
Pb-Pa signal or equivalent; symmetry would not then have to be assumed and
the greater the stimpivus the more swift would be the response.

For more ¢omplicated seguences the contrel register, and for improved

resolution the counter and time limlt switches, could be extended without -

changing the prineiple of the circuit. A more compact version could be
made 1{f scme of the random logic were replaced by read-enly memories,
which attract a range of users wider now than when the unit was first
conceived, Lf PROM-programming facilities arve available. A CMOS version
could ¢asily be produced.

G CORCLUSION

A unit has been designed, and az successful prototype nade, to safe~
guard an assembly with slow characteristics, using time elapsed €2 assess
deterioration and recovery. The design places as few constraints as pos-
sible on the grouplng and interaction of assesiblies, which may need to be
self~contained and free from central oy computer-hased control. It also
aims g% the least possible distraction for users. séoge exists for adapt~
ation to other systems.
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REFERENCES FIGURE CAPTIONS

1. Block diagram: DL OLF84%50. Fig. 1 "ypical pumped section.
2, Cirxecuit diagram: DL 01/9227. Fig. 2 Layout suitable for front panel.
Fig. 3 Isclated interface for 110 V 5.¢. to TTL.

Fig. 4 -Reduced version of limit (one switgh) and shifr reguest circuit,
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