~ - * - ) v /
. X e i —_ e o e ,
. ) S RN7E A
. -~ : . ‘«% ! . . ‘
B ¢ ) » - - B
| - -
. ' f i ?' . : . ' ' . '. IN
o . / t ' ‘ ,
g DESIGN OF AN’AUTOMATICALLY SEQUENCED -~ - b
§ * VAGUUM PUMPING SYSTEM~ .
, ) i -
N ’; N /
.y - \;* .
r
3 ) \
£ Ny
. ,; - - . .
® - DHAHAPURAM PALANIAPPA MURUGESAN . >, 7
.
s : -
2 R ~"‘~ /o * . 4
. A DISSERTATION . , o
S in the | ’
% Faculty of Engineering —- T
. - , . 7" . | R L
- ’:/; B ,
» ’ . 6 - /‘ ‘ -
. P o T
‘ ‘/{ *
o~ o . !
P - . - ‘
/ . . < . \:‘@ ! ‘
7 ﬂ; !
P i ; \ -
L o |
Presented 'in partiel fulfil'xqe\nt ‘of the requirements for- S
the Degree of Master of Engineering at -
) Concordia University
N Montrealy Canada
: Decenber 1976 ' ) : Vo
} B et
' g - . {
. < “", DHARAPURAM PALANTAPPA MURUGESAN 19L_\ /
\ . ‘ - T T TR SRR ,




A 'TABLE OF CONTENTS . . "
) -~ ! . ’ . >

';;IST} OF TABLES o o v
: LIS&; OF PIGURES - ‘ " -ix
| Ack OWI.EDGEMENTS ' . ) xiv
ééinACT o L - xv
/ 1. I@\ITBODUCTION X ‘
11 MANUAL VACUUN PUMPING SYSTEM . 1 ’

; .2 BASIC SEQUENCES OF OPERATION OF A~

MANUAL VACUUM PUMPING SYSTMM 3
1.3 JUSTIFICATION FOK. AN AUTQMATIC

|+ vacuwm sysTm R 10

% ’l ) ‘ ) .
. J Wi AIM : : ‘ 12 .

BASIC SEQUENCES OF OPEHATION OF AN . | D |
“f ATIC VACUUM PUMPING SYSTEM .

2.\ * START-UP , 13 . )
. 2.2\ INTERMEDIATE OPERATION oy 157 ..
L 2. \3 WORK COMPLETION | ' 15 -
- ' 2.4 NEXT CICIE - L . .;17 A
“2.5 SHUT-DOWN " ' 17" . ]
" ol ADVANTAGES OF AN AUTOMATIC SYSTEM  ° *¥* !
// " OVER A MANUAL SYSTBM I ..

. / 2.7 COMPARISON . - \ 19 )




3.

DE’TAIIED DESCRIPTION OF | OPERATION AND: DESIGN &

‘!
!
I .2

]
,\.L

OF THE AU'IOMATIC PUMPING SYSTEM

3.1 CIHCULT DIAGHAM g
3.2 MAINS SUPPLY
3.3 ROTARY PUMP . |
3.4 PIRANI GAUGE, VACUUM SWITCHES,. -
ISOLATION/ATH ADMITTANCE AND WATEK
FLOW VALVES - ;
3.5 TIMER - . ; .
3.6 TO OPEN(ENEHGIZE) THE BACKING VALVE
3.7 DIFFUSION PUMP- ;
. 3.8° TO OPEN(ENERGIZE) THE ROUGHING, VALVE
3.9 ALARM BELL " y
5,10 READY LIGHT A )
3.11 COOL-DOWN
3;12,WAR&1NG LIGHT b
3.13 SHUT-DOWN _ . SR
3.14 TO OPERATE THE IséLATION/AIH C
" ADMITTANCE VALVE .
3.15 MODIFICATION. OF. MODEL B5 PIHANI GAUGE
. ‘10 OPERATE TWO VS9 VACUUM syITcéﬁs 5
3.16 TIMER-CAM: DETAILS OF THE CAM DESIGN
ﬁﬁgaﬁ gAanARE°SE£ECT10N
4.1 ROTARY.-PUMP - - .
iv - .

28 ., -
28 ‘
28

>

33 -~
37 /
42
63 .
64
O

78 -

80.
8l
88

96

98
105

108 ©




|

|
b2
“ - ks
3 S b
‘ ' 4.6

S

, Co " 4.9
: 4,10
L 3 S
i . , .13

5.1

R RO

5;é.
S 5.3

N \ /

- 5.4

| TESTING THE SEQUENCES™OF OPERATION

6. ‘CONCLUSION

“a

MAGNETICALLY OPEHATED A ISOLA‘I‘ION/
AIR ADMITTANCE VALVE

BACKING AND KOUGHING VALVES -
PIRANI VACUUM GAUGE

PIRANI GAUGE HEADS _ .
VACUUM SWITCHES

'DIFFUSION PUMP .
_HIGH VACUUM VALvé(BAFFLE VALVE) “

/ .
CHAMBEE AIR ADMITTANCE VALVE

o

"VACUUM CONNECTIONS _'

TIMER
HELAYS LT
MICKOSWI'TCHES '

A

5. EXPERIENCE WITH THE AUTOMATIC SYSTEM

TO DELAY THE OPENING OF THE '
BACKING VALVE ",, ' . -

TO DELAY THE OPENING OF THE >

. ROUGHING VALVE ‘
EXPEBIMENT TO. FIND OPENING AND L
CLOSING TIMES AGAINST APPLIED

" VOLTAGE FOR 4 BINCH MAGNETIC VALVE,' . v

o

~
4
-
‘ _ j

REFERENCES , e

/\(

\ L3
y
.( R ’.

, - (
gl b s

. 138
. 139

P

Sty . -

5
>
- -
. . .
i %?&éi;‘»,} R .8 2 e

ot

s 13

L

e "
NP <,

-




LIST OF TABLES

ADVANTAGES. OF AN AUTOMATIC SYSTEM
OVER MANUAL SYSTEM ' °
COMPARISON OF SAKETY PHOTECTIONSK
WABNINGS AND INDIGATIONS ‘BETWEEN
THE AUTOMATIC AND THE MANUAL
PUNPING SYSTEMS,

_TRUTH TABLE FOR THE ROTARY PUMP
POWER .

TRUTH' TABLE TO SWITCH POWER ON TO
THE PIRANI GAUGE, VACUUM SWITCHES,
WATER FLOW, ISOLATION 'AND AIR
ADMITTANCE VALVES

TRUTH TABLE 10 SWITCH THE TIMER
POWER ON

TRUTH TABLE FOR THE STARTING -
CONDITION  / ,

DETATLED TRUTH TABLE TO SHOW THE

_ OPERATION OF THE BACKING VALVEs- _
. FOR THE STARTING CONDITION ~ 49
TRUTH TABLE TO SHOW THE OPEHATION -

AY

\.‘
 OF THE BACKING VALVE: FOR THE

INTEEMEDIATE OONDITION ‘ ,

\




Table 3,8

Table 3.9

Table 3.10

R ' !

) ' . N
)
BASIC TRUTH TABLE FOR THE STARTING
'

AND THE INTERMEDIATE CONDITIONS
L) " \ B .
COMBINED

TRUTH TABLE TO OPEN THE BACKING
VALVE FOR STARTING AND INTERMEDIATE
CONDITIONS COMBINED '

TRUTH TABLE TG SWI\ZEQ THE DIFFUSION

\../

PUMP HEATER ON ~ |
TRUTH TABLE FOR THE OPERATION OF

"THE ROUGHING VALVE ‘ )

Table 3.11
. Table 3.12

- ,'Iz'a'ble 3.13

- Table 3.1k

TRUTH TABLE FOR' THE ALAKM BELL
OPERATION: WHEN THE HVNIS OPENED
TRUTH TABLE FOR THE "READYN_LIGHT

POW ER "ON“

~TRUTH TABLE SHOWING THE COOL-DOWN '

~ -~

SWTI‘CH QPERATION
‘I‘RUTH TABLE FOR THE WARNING™ I.IGHT

OPERATION . ~

«+ Table.3.15

Table 3.16

/7 . Tsble 3.17

. A ,
BASIG 'I‘B.UTH TABLE TO SHUT-DOWN

THE HOTARY PUNP - | -
DETAILED TRUTH TAB.LE q:o SHU‘I-DOWN
THE ROTARY PUMP

TRUTH TABLE FOR CLOSING THE
ISOLATION VALVE

Y




o

Table 3.18

»
v N -
, .
- .
N -
.
- 1Y
. .
.
[P e
- -
. - .
. \ } . . .
- ‘\\ ¢ e N H
’ [
. o ,
R 1
-~ . Y it
L] ' © >
. Sy W ! -
-
-
i - *
)
] L} .
-
.~
’ "
. .
E ] ‘ -
) .
viii }
. . L M -
,
- - N .
F . N e
s xp .
[ * e . ) L [
- B "
Lo . i.\ ' ' [
' - L] ’ -~ f

“

TRUTH TABLE FOR THE OPENING

OF THE AIH ADMITTANCE VALVE
: ' ‘

. .

+ -~

o




1} ’ t\ L
L1ST OF FIGURES . 7. e /

. L ]

»* .

Fig. 1.1  SCHEMATIC OF A VACUUM PUMPING SYSTEM . 2

Fig. 3.1 . CIRCUIT GIAGRAM FOR AN AUTOMATIC

7/

. % . LT
- VACUUM PUMPING SYSTEM . ‘ .

, Fig. 3.2 CIRCUIT DIAGRAM FOR THE ROTARY

. ‘

~ _ POWER ON ' . t29
Fig. 3.3 LOGIC DIAGRAM FOR THE ROTARY PUMP  ° ][ o
- o  POWER ON " .

N
. ) Figw 3.4, BLOCK CIRCUIT DIAGHAM TO SWITCH

- . POWER ON TO TEE PIBANI *GAUGE, VACUtM’

.. - . SWITCHES, WATER FLOW, ISOLATION .AND,\ o

AIR ADMITTANCE VALVESK& ~ . = - 3k

Fig.”3.5 CIRCUIT DIAGRAM TO SWITCH POWER ON
! N

- / E IO THE PIRANI GAUGE, VACUUM SWITCHES,

WATER FLOW, ISOLATION AND AIRK - . o

ADMITTANCE VALVES .. - * 35,

o e

. . -
"Fig. 3.§ 10GIC DIAGRAM TO SWITCH POWER ON TO

N ** - THEPIRANI GAUGE, VACUUM SWITCHES,
. )

WATER FLOW, ISOLATION AND AIR S Co

L4

ADMITTANCE VALVES - T 35

- L
3.7'ﬁ DETAILED CIRCUIT DIAGRAM FOR THE

TIMER

4

3.8 BASIC CIRCUIT LIAGRAM TO STAKT THE

TINER . — ® 4o




7 . ' -
. ¢ % —~ k
. s v Rt . '
- . 10 Al / .
" 4 ” s ) ) ”— )
- 'y
Plg. 3.9 LOGIC’ CIRCUIT FOR THE IIMEB PO a o 41
4 )
Fig. 3.10 DETAILED CIRCUIT DIAGRAM TO OPEN THE \__ ~
v+ BACKING VALVE T 43 ° .
. ) ~
Fig. 3.11 BASIC CIKCUIT DIAGRAM TO OPEN “THE
: ' BACKING VALVE: FORVIHE STAHTING
- x ¢ : J N
e CONDITION ' o
Fig. 3.12 LOGIC DIAGRAN TO OPEN THE BACKING .
§ - “VALVE: ‘FOR THE STARTING CONDITION "y7
-~ PFlg. 3.13 DETAILED CIRCULT TO OPEN THE BACKING E
¢ VALVE: FOR THE STARTING CONDITION 48
Fig. 3.14 PETALLED LOGIC DIAGRAM 70/ OPEN THE |, -
. ! o .
: 2 BACKING VALVE: FOR THE S ARTING R \
' , . ' N\
CONDITION ~— 50
Fig. 3.15 SIMPLIFIED cmcun DIA M 10 OPEN'
THE BACKING VALVEY THE NTERMEDIATI:. | Lok
! g
CONDITION ) .52 \
\ s A“ . , P .' .
Flg. 3,16¢ DETAILED CIRCOIT DIAGHAM TO OPEN THE . :
’ ' BACKING VALVE: TEE INTERMEDIATE - y
. " CONDITION S
4 ” ) , e
Pig. 3.17 DETAILED 1OGIC. DIAGRAM TO OPEN THE . Q L
o PR . »* ' lf/ . ]
- BACKING VALVE: THE .INTERMEDIATE T A 7
- CONDITION - o 55T
' Fig. 3.18 BASIC GIRCUIT DIAGRAM TO OPEN THE e
. BACKENG VALVE: FOR THE STARTING AV’ ) .
THE INTERMEDIATE (CONDITIONS COMBINED 56" v

~ .
e e M




: /{";il\\“ 7 Y ' u? ‘ .
( } A T *” o T TV a ‘“:““‘,"“'?_-‘ . ¢ ‘
v .« 7, N N L o) : ‘ ! e
, . /‘; , ’. " , - s ~ Ry
, » ool a
SN - L e
Ry . . ’ T
| ~—"" - Plg, 319 BASIG LOGIC DIAGﬁAM.’IO OPEN THE . . KR 1
‘ L . BACKING VALVE ROR ' THE STARTING o ER SRR «
| T AND THE INTERMEDIATE CONDITIONS <o v J :
'».‘ : .' COMBINED . )
SN ' ;B'ig. f3 zo DETAIJLED cmcuxar DIAGRAM FOR THE @ AP T |
S .. BAGKIN&&VALVE: FOR' THE STAKTING : | "‘ o L]
’ | _ 'ANDTHE TATERMEDIATE CeNDITIONS IR
.- " scomme © S st 3
' . Fig. 3 21 DETAILED LOGIC. DIAGRAM TO OPEN THE ' o )
' o 9 BACKING VALVE FOR THE)STARTING :AND " i 1
B e AT THE INTERMEDIATE CONDITIONS‘COMBINED 2 (-4
N Lo e Fig. 3.22 CIRCULT DIAGRAM TO SWITCK ON THE ‘
Nb S . DIFFUSION PUMP HEATER . 65 N
L ' X Fig. %.23 ,{ocxc DIAGRAM “TO SWITCH ’IHE DIFFUSION . :
i. _ PUMP HEATER.ON , . "+ . / ‘66"..‘( 3
! 3 R fgl 3.24 DETAILED CIRCUIT DIAGRAM TO OPERATE B
| s ‘ THE ROUGHING VALVE ' ' ,6"8' A
{‘ s Fig. 3.25. BASIC SWITCHING CIKCUIT FOR ¢HE v | | §
B - ' _ OPERATION OF THE ROUGHING VALVE. 7 S i
Fig, 3.26 DETATLED -SWITCHING IECUIT FOR THE |
\ OPERATION OF THE ROUGHING VALVE .no
2 . Flg. 327 LOGIC DIA(:RAM SHOWING THE OPhhATION
. s ' , | ‘ OF THE ROUGHING VALVE 73
( Pig. 3.28  CIHCUIT DIAGRAM TO OPEKATE:THE
%\ ) . ALARM BELL ' | 75 .




L]

. e “ i : _: Lo
—- L ' c- \ B . -
. ! : /-
i Fig. 3.29. LOGIE CIRCUIT DIAGRAM- FOR THE ALARM ) .
‘ oL BELL "OFF" CONDITION WHEN 1dE H1GH {
%3 7 VACUUK VALVE IS OPENED. ¥ . ‘&9
‘o ; . Flg. 3.30 CIKCUIT DIAGRAM FOR THE ""HEADY" . '
. L -+ ' LicET powm "ON® - 81
B . P 3.31 locic DIAGRAM snoﬁ;mc TEE “HEADY* ' . )
‘ P ) . LIGHT pom:-,n “ON® CONDITION . 83
, {f .~ -PFlg. 3.3 CIRCUIT DIAGRAM FOR THE COOL-DOWN ,
E ‘ , . j" T SWITCH OPERATION - 85
L*- | ; - Fig. 3433 LOGIC DIAGHAM SHOWING THE.COOL-DOWN -
R " ' SWITCH OPERATION S . - 87
. Fig. 3.3% CIHCUIT DIAGRAM FOR THE WARNING LIGHT
- (.2 ' OPERETION S - 8 /
E . v, ’
. | ~ Fig. 3.35v LOGIC DIAGRAM FOR THE WARNING -
; V-‘ e T ' OPERATION <" 90
3 < Fig. 3.3 CIRCUIT DIAGRAM FOR THE SHUT-DOWN
“© . . OPERATION . - f 92
_ Fig. 3.37. BASIC CTHCUIT DIAGRAM TO SHUT-LOWN | - P
L . THE ROTARY PUMP AND HENCE THE SYSTEM 93
- ' TP, 3.38- BASIQ\LOGIC DIAGRAM TO SHUT-DOWN \ ‘
®E THE ROTAKY i’mp AND HENCE THE SYSN 95 -
. ™ . Pta. 3.39 DETAM.ED LOGIC DIAGBAM 0 s\u'r-nouu o
“4 - A THE KOTARY PUMP 0 ' : .. 95 )
i ¢ Plg. 3.40 CIKCUIT DIAGRAM FOR THE OPEHATION'OF
E N THE 1SOLATION/AIR ADMITTANCE VALVE - 97
ak’ . ' : ' B . -
’ , )
E - h ¢ . - C Az
11

L P

. .
oo e B IS L A D, B M9 oy




- Pig. ?.b5-

Fig. 3.46
Pig. 3.h7
‘fig.'h:l
Fig. 4.2
) Pig. 4.3

Fig. b.b

kig. 45

Fig. 4.6
" Pig. 4.7
- Pig. 4.8
N Ple. 5.

I0GIC DIAGRAM FOR CLOSING THE

I1SQLATION VALVE :
10GIC DIAGHAM DO OPEN THE ‘AIR
ADMITTANCE VALVE o

B5 PIRANI-CIRCUIT QJAGHRAM

CIRCUIT DIAGFLAM SHOWING A PIHANI )
GAUGE IN THE wH}AISTONE BRIDGE
NETWORK : Fon’nonu B5 GAUGE -
MODIFIED B5 GAUGE TO OPERATE TWO

VACUUM SWITCHES: o Ky
CAM DESIGN
TIMER AND CAM

‘BASIC FEATURES OF A ROTARY PUMP

DETAILED FEATURES OF A ROTARY PUMP
DETAILS OF VALVE CONSTRUCTION
# INCH ucumxc ISOLATION VALVE

MODELS G6A AND M6A PIBANI GAUGE HEADS

VACUUM SWITCH_VS9 FRONT PANEL
VACUUM ‘SWITCH VS9 REAR PANEL

A SKETCH OF A DIFFUSIGN PUHP
SET-UP FOR A.CSWITCHING; SET-UP
FOR D.C SWITCHING

99

100
101

102

104
106
106
> 109
110
113
114
118
120
121
. 123




ACKNOWLEDGEMENTS

" The author expresses his deep sense of
gratitude to“Professor V. Bamachandran for hig *

gu%fhnce throughout this rebort. {
. , ’ A Y

4
The author thanks his wife for typing

oy

tﬁis repo;@. '




. DESIGN OF AN AUTOMATICALLY SEQUENCED
~ VACUUM PU‘M}‘/I‘NG_ SYSTEN

‘ . . - Bl ‘.
N . DHARAPUEAM PALANTAPPA MURUGESAN

~

~

b -

; I , -\éBSTRAc:T‘,' ) | "

4

The advantages of an automatic vecuum pumping

system ov%r a manual system are clgarly shown, Safeﬁy‘

. .

protections, warningg and indications between the suto-

consisté of rotary pump, magqetig/isolation valves, /‘ ”

LS

diffusion pump, Plrani gauée; vacuum switches; high vacuum

» -

- velve, timer, relays and microswitches. R

~ . -

v

v

désign of the automatic pumping system is given. The

sequénces of operations are controlled by means of logic

' -

circuits. These have been tested and are found to agree

~ P

. with the design. . L

\

. :
In addition, an experiment to measure the open- .

ing and the closing times of a magnetic ‘isolation’ valve

against input voltage was conducted and the significance

. -

of the results is discussed. o .

o

.

metic end manual systems are compared. The system ' R

A detailed description of the operqtion‘and< ‘“ ' ;

[ a —
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CHAPTEH 1

T

INTHODUCTION ‘ ‘ L

1.1 MANUAL VACUUM PUMPING SYSTEM: '

A vacuum pumping system 1s deslgned basiceally
, — .

.to produce vacuuq\in a work chambgr} The vacuum system

plays a very important role in the manufacture of radio
and television tubes, lamps and x-ray equipment. It is
also used in the development of atomic energy, thin film

deposition, vacuum metéllurgy’ vacuum dryiﬁg and s¢ on.

»

A échematic of a typicel vacuum pumping system
4 ' /—‘

-

is shown in Fig. (1.1). The system consists of a rotary

pump to pfoﬁidé backing to a diffusion pump through the

opénlngs of. 1sdlat40n and backing valvese® Pumplng speed
of the rotary pump is matched to the diffusion pumbd in

order to avoid~accumulation of air in the backing line.

Since the diffusion opumb requires a fore-vacuum to pump

)

efflélently, the rotary pump foughslthe wqu(vécuum) '

-

‘chamber fifst’to the pre-required fore-vacuum through the

Lo _ ,
roughing valve. The chamber is then evaquéted by the

diffusion pump by opening a hfgh“vacuum-valve.,,A "Pirani"

'_gauge 1s used to measure either the backing or the roughing

'vacuum.~ An air admfttance valve is provided in the chamber

"to Sdmit air in to it whenever required. When the rotary

- A .
-, . N »
. .
o -
,
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.

b

pump 15 switched off, the 4solation valve closes and
another built-in air admittance valve opens td admit ./ . “ \
alr between the isolatlen valve and the rotary pump in

. ' \ ' R
. order to equalize the pressures and thus to stop the .

AN . . B . !
rotary pump cooling oil from surging into the vacuum line.
. \J . .

-

) N [

S i N

iv

1.2 'BASIC‘SEQUENCES OF OPERATION OF A MANUAL_ VACUUM

PUMPING SYSTEM:
) N

\ ’ Al ' ! .
There are five different stages dg operation ‘.

§

- .which are descg%bed as follows: N

1.2.1 S_TAﬁi—UPs N o,

a . s ¢

The following sequences shall be strictly A -

L gdhered ‘to:

e

v |4

8) Turn on the water supply to the diffusion

‘pump to cool the pump to condense the o0il oy

L - - or mercuyy vapour for re-use. ';

b) Start the \ro ary pump to back the diffusion
pump. The isolation valve will open. The

"air admittante valve built-in to'thei

. ' -
. , isolation val eMwill cIOSfjﬁo prevent any ‘
| ot : Ca N '




)

a)

o)

. .

‘ L , .‘ks““
" Switch oh the Pirani gauge and select -the

-Open the- b cking valve about. thirty seconds

© the pipe pe ween the rotary pump and the

N
-. Open the roughing valve after bout fifteen e

i

" v . s

backing hiead to measure the vacuum in the
S

backxng l\ne% , : ,

A N
2 -

after the tary pump 1is switched on so that -

becking and the roughing valves 1s evacuated

>3 o« At , -
to preserve vacuum in the.diffusion pump side.

<

Switch on the diffusion pump heater when the%
vacuum in the backing line ys “about 0.08 torr
(mm of Tercury) 1& order to warm-up the .

diffusion pump. - Read the vacuum in the .

. e

backing line using the Pirani gauge.

Close the Backing valve to preserve the vacuum

PR

-3
in the‘diffusion pump side.

-

Dl

seconds to rough the chamber. This delay 1s )

required to ensure that the roughing valve .

.oﬁens onl& after the backing valve has closed

-

so that there is no pressure link between the

backing and the roughing sides.

-+
- 1

Close\ﬁhe roughing valve when the chamber.

reaches a suitable vacuygp of 0.08 tomr 50 that

S




b
|
I

the diffuéion pump can pump theychamber ) \___\N¥

®
4 .

efflciently. The vacuum is read by the

Pirani gauge switched to the roughing head.

. . \ - ] ¢
1) Open the backing valve after about ten

! PR . n ' seconds. This delay is required to ensure

. - ‘ e, :
= | ‘ that the roughing valve 1s .fully closed . .

.before the backing valve is opened. ¢

. J) Switch .the Pirani gauge to the backing head

and. read_the,vacuuh in the~6ac&ing line., ‘ -

.. 1.2.2 INTERMEDIATE OPERATION:. S -

. . - ,Beforé openiné‘the\high vacuum valve, recheck
_thé vacuum in the chamber using the Pirani gduge
- ’ switch® #0 the roughing head. If the vé&ﬁum ;n the
chamber becomes worse than 0.08 t6rr due to leaks or
outgpslng in the chamber or ln the roughing line, then
'the diffusion pump cannot pump the chamber smpothly. ~
* Therefore, the vacuum in the chamber must:be re:estab:'

. " 1ished to 0.08 torr or better by following thé\

sequences described’ below: ’ - . .



) . j )
a) /ClosMhe backing valve to preserve the .

 vacuum in the diffﬁsibn pump side &)
| .
b) ' Open the roughing/ valve after about Rifteen

L SN

seconds” to rough the chamber. The reason

FY . .
| for the delay 1s given in 1.2.1.g.

\_\" ! . i * .

¢) Close.the roughing valve wheh thé chamber ,

-

evacuum is around 0}.08 torr. - . . -

d)- “Open the backing valve to back the diffusion
’ -,
punp . Sw.itc,h the Pireni gauge to the backing

head to read the backing pressure. L.

1.2.3 WORK COMPLETION

The diff‘usion pump 1is fully wammed-up elght

! mYnutes after being switched on. As a further

4

preéaution, switch the Pirani gauge to the rouéhlng
"head and recheck the chamber vacuum.+ If the l%hamber'
vacuum 1is better than 0.08 torr, the required work

X
can be proceeded by following the sequeﬁces given

below:

~

8) Open the high vacuum valve so that. the chamber

1s evacuated by the dirfysion pump .
’ I’ "

—




~

Close ?’high vacuum valve to perform

-

the required opgration\when the chamber

: # . .

reaches a Trequired vacuum, say 0.001 torr,
-

as rheasured by the Plirani gauge switched

to the roughing head.

]

-

Perform the required omgration, such as

coating ete.., in the chambeéer.
.

Opéri the chafiber air sdmittance valve after
el ©

. L4
completion of"the work to admit air in to
-

the chamber.

“o

|

Remdve the chamber glass and the Tinished -
. ~ :

work pleces and probeed with the next cycle.

0

1.2.4 NEXT CYCIE:

4

Place abother [set of work pieces in the chamber.

<:jf2’carry‘out the next\cycle of opération the following

Sequences shall be followed: .
/ -

.

'a)"0103e the chamber air admittance valve in
) ance, (

v

-

order to evacuate the chamber.

o
»

'b) Close the backing valve to preserve the yacuum

-




in the diffusion pump side, <«

\
,

Open the roughing“valve dfter about ffifteen;‘

i

seconds delay to rough the.chamber.

Cldse the ro¥ghing valve when the vacuum

in the chember is abemt 0,08 torr. - « ./

Open the backing valve after about ten

seconds so that the ro“té.ry pump can back the

. e diffusion pump. ’
¥ ‘ ‘
E » - f} Follow the seguences 1.2.3.a to 1.2.3.e to
N { complete the next cycle of operation.
3 ‘ v
- I3 * ﬁ‘ , 3
1 - « SR
_ . 1
- 1.2.5 SHUT - DOWN: ] © . :
~ K | A ' . ‘ | » ‘ *
9 ' After all the work is completed or at theffnd D %
< - - E
of the day, 1t will be required to shut down the ' " q
’ ”  system. The following sequences shall be fotlowed .
: . C- -
0 for shut-down: o ' : . , -
!". . o he . o j
' ' . a) ,Ensure. that lthe ﬁigh vacuum valve 1-s closed. . ' :
- - and the chamber air admittence valve 1s
f _ 'f ’ ¢ ) .‘ T 0 " .
( . opened in order to remove the chamber glass ‘ . A
- " 5 . ' ‘ ‘ \\ - .
. cover .whneve;' -required. & N T
- -y - .




. R \"'_.". R
¢t b) ‘Switch ﬁff the dlffusidn pump heater since

~ ' the pump is no longer required to evacuate

‘3 the chamber. , . o o RS

. . - (]
’

c) Switcgkbff the”’ backing valve approximately

. \)
o~

twenty mlnutes after the: diffusibn pump

heater is switched off. During the twenty

s “ minutes interval, the diffusion pump has
.. ¢cooled down coppletely and will-not require

ﬁhe rotary pump fer.backing.

A

d) - Switch off the rotary pump aéproximately -
. thiwty:seconde after the backing wvalve ls

. — Bwitched off. o S

P The isolation valve wWill close and

* ' isolate the diffusion pump from the rotary

fad ~ pump. .The air admittance valve will open
) " 1( to admit air in tS‘the rotary pump side in
& ‘' order to equalize the,pressures agd thus to .
) : prevent the rotary pump oil from surging '
y .\\& -‘in ¥o>tne|vacuum‘;}ne. o
1 | - | ' . ;t 1s desireible someeames te ep the
:\ A ” A\dl on pump side under vacuum 1 Sréeé to

up th operatioﬁ next day. To achleve

this, a delay of about thirty seconds is
%
j necessary to ensure that the backing ‘valve 18




I"ull& closed before the air admlt\ganée

valve opend, . ' o

- L]

. " Note: If it is not necessary to Keep
’ v

the-@iffusion pump side under vacuum, no

S PP PR SRR

. delay 1 ~required . The rotary pump can be

[

et

sWwitched orf\as soon as the backing valve

“ 1

L7

is. switched off. 3

F
1

< . -
[ S

) Switch off the Pirani gauge since no vacuum

ﬂmegsureme t'wlll be carried ox}c\.

’
¢ .

' ;
f) Turn off th water supply to the diffusion

‘pump since no more cro,dling will be requireda *

—_— . . ¥

a* A \ ¢

Thus,-by following the above five

L &%

different stages of operatiop manually, thg —
VA? . . 4

required work can be performed.

'§
?
5
g

ey [ - e g
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. 1.3 JUSTIFICATION FOR AN AUTOMATI C_VACUUM ~£¥STEP\I:

Al

2

S

P G
CIRS - T

As mentioned earlier, vacuum systems sre employed
for many scientific -and commercial applicafions, such sas

“*

manufacture of vacuum tubes, thin film deposition of metals

o ——
°e‘t;c.. In nearly all these applications, operator errors
. .

"are costly and unacc¢eptable.

.

¥




»
(2. Manually operated vacuum system is subject to

b&h *
- many costly human ef%ors.’ One of the commonest errors,
?k for example, is the fallure to turn on the water'supply
éi & to the ' diffusion pump before switching thg dirfusion,pump‘

heater supply on. Basically, water 1is circulated around

}, ’ the outer circumference of the diffusion pump through colls

to tool the pump to condense the mercury or oll vapour for
‘reyusg and to extend the~operat1ng life of the bump} If\th?
diffusion pump heater is swltched on wﬂthqut turning the
¥ater supply on, the pump loses all the evaporated mercury
or oii in to the atmosphere quickly before the Sulltfin

S i
protective bimetallic relay discopnects the diffusion pump.

Y

Another major handicap in the manual system is
Ca SN
that the high vacuum valve can be opened manually, without
any warning signal, even when there 1s insufficient vecuum

in the chambe}. This w11l affect the smooth operation of

the(diffusion ‘pump due to lack of sufficient vacuum in the
(pdiking line and the mercury or oil fumes will foul up
- - (the chamber. For example, in the thin film deposition work,

there 18 a danger of damaging the work pleces in the chamber

‘ by applying the coating material at 1ncorrect vacuum.
Besides, a sincere and technically trained worker 1s required
full-time for the successful operation of a manual system.

Consldering all the above and other difficulties,

L J

an autoﬁatie system, which willl eliminate the costly human .
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. errors end 1s simple‘to operate, 1s justified.
° [ - N
1.4 AIM: ' . g o
. The aim of, the work is to A R
. . ) ‘ ' .
a) design an-autopatic vacuum pumping system,.
. ’ ’ . S \\
. ' b) select suitable major components, and
c) ' describe the experiences with the system. .
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cHAPTER II -

BASIC SEQUENCES OF OPELATION OF AN
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g CHAPTER 11 . -

ek o

BASIC_SEQUENCES OF OPERATIUN OF AN -

et
.,"’

~AUTOMATIC VACUUM PUMPING SYSTEM

~/There are five different stages of operation

which are described below:

; | S following sequencgs’ occur automaticallys

Lo

" b)
., . . ¢
N )
c)
.
, RN T ay
3 L
-
v e)

2.1 START - UP: , co .

When the rotary pump is swyitched oﬁ‘manually, the

-'The water flow and the isolation valves open.

e

The af; admittance valve bullt-in to the
isolation valve closes. . h )

4

The Pirani gauge and the two vacuum switches
.BWitch on.\ The vacuum swltches are used to
control cerﬁaln operations at pre-determined

vacuum,
/

A timer switches itself on.

o

A half an hour
per one revolution timer is employed to -
control the sequences of operation at

r .
pre~determined intervals.

The backing valve opens with a delay to pllbﬁ

the

rotgrylpump to'eiacuate the rotary side e,




e - .

« . _ - first end thus to protect the vgfﬁﬁm in

: . the diffusion pump sidé.

‘-' N f) The diffusion pump heater switches itself .
. '\ B . 4 on when the vacuum in the backing line 1is .

* gabout 0,08 torr.

<

: ‘ ' g) The backing valve closes. ' el

< h) Then, the roughing valve ‘opens. ' The.reason: '

. - ) for this delay 1s explained in section

,
' 1 . v oe
- L - 102|108- " )

\ 3
v ! ' ‘ ’ ' - \" i ’ v ’ A

\

,‘ - - 1) - The" roughing valve cioses‘whéﬁ the vacuum
) 4 1A the chamber is about 0.08 torr,

o " - . / * - . . s

o L &'j) " Then, the;backing”fglyg opens.
’ . B ’ " . , -

“ .. . " - k) The timer switches 1tself OFF after asbout . ..
. -, . . + . elght minutes.. L L >7/ B
3 I ’ ‘
o A ‘ 1) A ‘Ready bulb lights when thi chamber

_vacuum is about 0. 08/torr to, 1ndicate that -

- . T the high vacuum valve can be ppened manually
e v . T N = ~ \ ’ . . .
'ﬁ ' T L without upsetting the vacuum” syatem.\|
- L) : ; »
L R - "‘ a o
b ' e - . . ~
» b [
‘ - - 3 ' s - T o > n
. . s ) 4 ‘ ', . . R » ., . v '
. o .
’ ~ ‘ ’ - 3
Ty R N .
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15
4 . :
, .
‘2.2 INTEHMEDIATE OPREATION:
¥hen the chamber vacuum gets worse than 0.08
torr due to\t,leaks or outgessing in the chamber oT e
in the roughing iine, the "Heady" 1ight’w111/sw1tch
*QFF In order to re-establish the requilred vacuum 4
- Q\ ! X ~
— in the chamber, the follgwing sequences occur
;o - e
’ automgticallys . ... - -
sutongiesilyy . o
4 : ‘ l ‘, N ‘ ' "
- ~a)" The backlng valve closes when the vacuum *
in the"chamber is worse than 0.08 torr.
. : The roughing vacuum switeh is preset to
.. close the backlng wvalve w.hen the chamber
P vacuum is worse than 0.08 torr in order
~ to evacuate the chamber. : ' N
. \\ D
b) Then, the roughing valve opens.
c;) The roughing valve closes when the chamber
vacuum reaches 0.08 torr.
) . ' .
d) They, the backing valve opens<
’ % > g '
) ‘@) The “Re€ady" light comes "“on" again. -
— } : \}
- - ’ , ]
2.3 WORK COMPLETION: . - , ) ' )
— . ‘ /\v o . T
In order to complete the work, the following
- ¢ \‘q /"‘é"




y

—_—

sequences shall be f&iiowed:

a)

b)

c)

d)

e)

%
»
;

The'high Qacuum valve is opened manusally,
when t$he "Ready" 1light 1is ON, in order to

allow the diffusion pump to evacuate the
\

- l'y

The high vacuum valve is closed manuslly ~

chamber,

when the chember has reached g desired
vacuum, say 0.001 torr, as read by the

AY

Piranl gauge switched tq the* roughing head.

- ¢

The required work, such as thin film

deposition, 1s performed on the work piéces.
.

The chamber alr admittance valve 1s opened

manually to admit alr into the chamber when
.

the required work is completed. This

enables to Temove the glass chamber and

- the finished work pleces and then to place
r~ »

the new pleces for the next cycie of .operation.

- . 4
. . -

Then the'phamber air admittance valve is .
cloged manually and the glass chamber is’

placed in posit;on.

- - M [

L]

«
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2.4 NEXT CYCLE:

.
To complete the next cycle of operation, the

following s€équences occur sutomatically:-

a) The backing valve closes to preserve the

'vacuum 1n the' diffusion pump side.

1}

Then, the roughing valvé opens and thq

rotary pgmp/gyacuates.the chamber.
Coh : ’
Thé,roughing valve closes when the~chahber

vacuum reaches 0.08 torr. -

Then, the backing valve opens.
-«

The,"READY" light domes on.

/

/

Then,\the “WOH& COMPLETION" sequences /
2.3.a. to 2.3. e. are followed'to complete

the cycle. ) C - . R

2.5 SHUT-DOWN:

-
The vacuum system will have to be shput-down
" either after completion of all the work or at the

end of the day. 1In order to shut down the system, a

spring-loaded cool-down switch 1is pressed manuall&.
LN




- -

]
Then the following sequences occur gutomat ically:

-

a) The timer switches”itself on. This enables
. . ‘

to shut-down the system after a pre-determined

interval.

- -

The diffusion pump .héater switches itself -
OFF to start the cool-down.

« N

The "READY" 1light gdes OFF to indicate the
= '

start of. the cool-down period,

A Warning 1ight comes "ON" to warn the operator

’ b -

not to open the high vacuum velye during
the cool-down period. 1T the eierator atte;bts
to open the hlgh~vacuum valve an alarm bell
will riné to give him a warning to close

the_ valve. =
"

The rotary pump stops after about twenty two
minutes slnce the power to the pump 1is

switched of £ by a timer-cam-relay arrangement.

r . ) . ,
The isolation, the backing and the water flow

valves close; Qhe Piranl gauge and the
vacuum ‘switches switch of f; the‘timer stops
v !

and all the 1ndications and- warning 115hts
. /
" switch off sﬁhce they are/;ll connected




across the rotfary pump power which is

switched off in step (a),

- ’ g) The alr admittance valve bullt-in the »
“isolation valve opens to admit air into the -,
‘ . (\J rotary pump side _to equallize the pressures o *\‘

in order to prevent the rotary pump oil from *“-

-~
9

surging out into the vacuum 1line. ,

4 . ‘ The whole system 1is thus shut-do4u.

\

E 2.6 ADVANTAGES OF AN AUTOMATIC SYSTEM OVER A MANUAL SYSTEM
| B -' o

4 : S Table 2.1 shows the detalls of th?/ various

i}

-

, ‘advantages obtained by’ employing an automatic system

for the above operations.

o . -

[

7\ 2.7 COMPARISON:

Table 2.2 shows a éomparig/gn- of safety protections,.

- warnings and 1n_c3.1cat1_gn3/'béi:ween the automatic end

i

manual pumpir}gvsjrgtems .

_ -
. —

.- -~ A detalled study of the tables-2.l1 and 2.2 should ~
v mern C convince Ehe designer that the automatic operation ‘

y . - 18 vastly superior to the manual operation.

—

va-—.J . . \ -~ '. .




. . TABLE 2.1 -. .
N - ’

e

| ' . ' ADVANTAGES OF AN AUTOMATIC SYSTEM OVER MANUAL SYSTEM

-

*

vacuum of approximately
' 0.08 torr, the roughing
valve is closed :

«/f

ok ~ ) MODE OF OPERATION
| ‘ °
] Item . DESCRIPTION ‘
| é‘v No. ’ Autohatic Menual
z System System
1 a) |The water flow valvé 1is |Automatically:|Manually
. opened ’ e .
3 o .
. b) The Pirani geuge 1is . "
] switched on .
¢) |The vecuum switches are |’ .- There are no
P . on ~ }vacuum
. _ ‘ switches.
‘ . N N
g ﬁ The timer switches on " There is no
3 ' ¢ timer.
. 3 :
: ] e) The batking valve ls Automatically {Manually.
opened with a pre- The delay 1is
. determined - determined
. ’ delay using manuslly.
e ’ thermistors.
, ) The diffusion pump is Automatically Manua’l}y ;
\ switched on when the . '
- vacuum in the backing
- line ‘is O.QB'tOIE o S ,
S~ &) The backing valve 1ls 4’ .oo" - "
closed. AN
jo . : .
v h) |Then, the roughing valve " .
: - | ts ofened
1) | When the chember " - "
reaches a sultable ‘ - .

-

T
p iy |
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“ oo ' TABIE 2.1 CONTINUED ‘' .
L: . - ) \\ - . .
. / . ‘ MGDE~ OF OPERATION -
e ‘ Item DESCRIPTION : — —
No. | Automat ic Manual
3 ,A " System System
E -,
1) Then, the backing valve } Automatically | Manually
1s opened i Co
Co 4?_ INTERMEDIATE OPERATION: ‘
3 ' k) If the chamber vacuum .
2 . " gets worse than 0,08 , =z
K torr for any reason, " v "
say, due to leaksy the o ‘
1 backing valve is closed T LT
Y 1). | Then, the roughing ,
: .valve 1s opened to Lo : "
, rough the chamber ~ ' e ,
' m) When th§ chamber vacuum i : K
3 : W has reached 0,08 torr " oo
% ' again, the roughing . , 1
B valve 1s closed -
i * . o, . . - . ' . :
3 ™ n) | Then, the backing valve _ N a
g is opened B " "
\ T . ' . -
E WORK COMPLETIQN ¢ i )
4 ) i J\ © ~ _b- . ;
o) | The diffusion pump Warm-} pre-determiged .
up period 1is I automatically ; Judged ,
2 . N by the timer~ | manually. o
< ' = ’ cam~micro- -
4 ' t ‘ . » _ <} switch : )
l - arrangement . v »
' R /
»r. o = 8 minutes 1 .
: L ¥ - ‘PJ,,
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TABLE 2.1 C

CNTINUED

4
' MODE OF OPERATION
- | Item DESCRIPTION -
. | No. | < Automatic Manual
- System System
! N - | ‘ s
R p) |When the-diffusion pump Manually, but |Manually,.
) 1s warmed-up for about only when the | but there is
elght minutes and when | "“heady" bulb . | no “Ready"
‘} the chamber vacuum is jis on, , | bulb.
around 0.08 torr, the - ; L
high vacuum valve is o
opened -
IF
q) If an attempt 1s made to . - 1. :
. open the high vacuum - - Automatlcally {There is no
valve before the “Ready"| alarm bell.
:1 11ght comes ON, an.alarm . )
. bell rings
SHUI-DOWN: : o
T) The diffusion‘pump Automaticaily Manually.
- { heater is switched off by pressing a | There is no
e, . " Jcool-down - cool-down
: e ‘ switch. switch. /
i ' 4 - .\'\
| s). |During cool-down, a \ 1
' . warning light to warn Comes on No such ,
! the operator not o automatically |warning
open the high vacuum . 7 light.
valve o .
' t) |.The diffuslon_bump ) Pre-determined| Judged ,
‘¢cooling period is automatically |manually.
. : 4by a timer- '
.t - J cam-micro-
switch N
. 3 P arrangement '
R L " "
i » #Ti:ZZ}ﬁinutes) o

N

.
Syt :M“,_‘,n 3.2
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TABLE 2.1 CONTINUED

TN A
. \\ ’/“‘3'
) A MODE OF OPERATION
Item: ‘\\J DESCRIPTION
F No., ' . Automatic Manual
System - System
u) The rotary pump is “Automatically | Manually.
” switched off . gfter twenty |No fixed
' . two minutes time lnterva%
.o ! , ) by the timer- |decided by -
' v o A cam-micro- the operator.
: v o ’ switch ‘
. e arrangement . J
v) The water fldw and the Automaticallj‘ Manually -
backing velves :are - ; : y -
closed ) .
w) | The Pirani gauge 1is ' "
eyitched off : . *
x) The vacuum switches are " As mentioned
S

sWwltched off G

ate no

before, therq

vacuum -
switches.

e
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COMPARISON OF SAEETY Ph

 TABLE 2.2

OTECTICNS, WAENINGS AND INDICATIONS

\QETHEEN TH¥_AUTCMATIC AND THE MANUAL PUMPING SYSTEMS

-

y

~

e . .

Item No.

.

For.Automatic System

2

For Manual System

a)

b)

c)

d)

' ease of electrical

1a 3 Amp fuse protécts

‘the Piranl gauge, the

' rotary pump switches

r—

X

ELECTRICAL PHOUTECTION:

A 13 Amp fuse protects
the whole circuit in

failure.

A bullt-1n overload
relay in the rotary
pump starter protects
the pump and other
associated electrical
components.

A 5 Amp fusg\protects
the diffusion pump
hester end the
electrical alarm bell.

the backing, royghing
and water flow valves,

vacuum switches,the
d.c. relays and tfie
timer. Besides, 4n the
case of Piranil gauge,

a built-in fuse pro-
vides additional
protection.

[
WATER SUPPLY PHOTECTION:

The water supply is on
automatically when the
rotary pump is on and

remains on till the

itself off at the-end
of -the cool-down period,

The same.

)

o

ﬁﬁie\same.

The 13 Amp.mains fuse
protects the diffusion
heater. There is no
alarm bell.

The 13 Amp malns fuse
protects the backing

and the roughing valves
-and the Piranl gauge.

-~

] -
The water supply 1is
turned on manually and
hence the system is

subject to human error.

The diffusion pump
heaper 1is connected

b

»

AT Wby d L -

[ - e

T3



TABLE 2.2 CONTINUED

S

Item No.

Por Automstic System

Forzﬁanual System '

Thus, the water supply
ie on all the time,
during the operation to
protect the diffusion

pump.

LY

VACUUM PLOTECTION:

The diffusion pump
heater cannot be on
until the 'vacuum in the
backing line is sbout .
0.08 torr. This pro-
tects the obers of
the diffusion pump.

The roughing valve can-

not open when the air
admittance valve is

| opened.

The roughing valve can-
not open when the high
vacuum valve is boened.

TSe roughing valve will
oven only after the
backing valve has
closed. -

The beckilng énq the
roughing valves will"’
never open at the same

1 time. .

i

through a bimetallic
thermal switch which is
fixed to the diffusion
pump outer case. ' If
the water supply is off
for sometime, all the
mercury or oll vapour
willl escape to atmos-
phere before the bi-
metallic relay trips
due to hof outer case,
end . disconnects the
heater supply.

No such ﬁrotection.

~




TABLE 2.2 CONTINUED

N

1)

m)

- n)

p)

q)

never close at the same
time, when the system
is ON. = _

when the chamber is
ready to be pumped by
the diffusion pump.

During the cool-down
period, when the diffu-
sion pump heater 1s off,
the rotery pump bedks
the diffusion pump.
Diffusicen snd rotary
pumps cannot be switchéd

Joff simultaneously.

The backing valve must
open during the cool—
down period.

not™qpen during-‘the
cool- own period.

MARNINGS:

An electrical alarm pell
rings to wern the
operator of a mal-func-"
tion if the high vscuum
valve is opened when the
*Ready" bulb does not
light.

A Warning bulb lights to

warn the operator that
the high vacuum valve
must not be opened -’

‘lduring the cool-down

pqriod.

-

A "Ready" light comes on

e roughing valve can- .

"Item No. 'For Automatic Sysﬁém For Manual System
. . ' ) f N ‘1,‘
k) | The backing and the No such protection. .
] roughing valves will /

- -

“*e

No such protection.
Hotary pump can be !
switched off when the
diffusion pump is hot,
even though the diffu-
sion pump heater is:
switched off. Both .
pumps can be switched
off s@multaneously.

No such/protection}

No such protection.

AN

No such protection:

<
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~ IABLE 2,2 CONTINUED

i

p—

]

the diffusion ‘pump is

ON.

-

"Item No. For Automéfic System : For Manual System *
INDICATIONS:
.
[ . ) .
r) A *red® bulb lights A Normally available.
when the rotery pump R (
is ON. . . ] i
/ , 5
8) A red bulb lights when
the gauge and the ' Not avallable.
' switches are on.
t) A red bulb lights when '
the water flow valve .
. |1s ON. : !
u) A Ted bulb lights when P -
. ‘Ithe backing valve is ON. T
. v) A red bulb lights when No timer.-
. the timer 1is ON. v \\u// ,
w) A red bulb lights when |7 . .
' the roughing vslve is Not available. -
ON. . ; :
Mx) A red bulb lights when Normally avallable..

14
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‘CHAPTER 11

DETAILED DESCRIPTION OF OPERATION AND
' DESIGN OF THE AUTOMATIC PUMPING SYSTEM .
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- " CHAPTER 111 :
\’ - - DETAILED DESCRIPTION OF OPERATION AND DESIGN |
o - " QF _THE AUTOMATIC PUMPING SYéTEM .
. ' ) _
3.1 CIRCUIT DIAGRAN: _ . Lo

o

A complete circuit diagram of an automatic pumping

-

system is shown in Fig. 3.1. The design of the operatidn of
the various parts of the system are also described.

Ay

- ' 3.2 MAINS SUPPLY: : .
7 The electrical supply to the circuit is both
) . directly from the.malns and through the rd%ary pump starter,
which in turn, 1is driven By the same malilns supply. The

mains switch is normally’left ON.

-

3.3 ROTARY PUMP:

When the starter 1s'sw1tched'on, the rotary pump

.. . 'Y
starts through an overloade*relay and a relay contact RLD1.

A
{

The circuit disgram for the rotary pump power 1s

shown in PFig. 3.2 and refers to section 1 of the complete

circuit diagram, Fig. 3.1. N

Table 3.1. gives the truth table for the switching

~
l

on of the rotary pump pouwer.
!
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| TABLE 3.1 |
TRUTH TABLE FOR THE ROTAKY PUMP POWER

o
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In constructing the truth tables _in this report,

'7§; the following conventions are followed: - ]
R ’ - . s

. ¢
s+ Closed®™ = valve energized to bpen.

'1' is represented with no bar on top of the

. item. eg. B.P.P = rotary pump power ON.

¢ 0 = False = Power OFF = OFF = relay contact

. . "Normally Open" = valve not energized and)
E : . ‘ - closed.
10' 1s represented with a bar on top of.fhe»

E ‘ ) ’ item. eg. H.P.P = rotéry pump power OFF,

B N 4
¢ - o | ~

- o As shown iIn the-truth table 3.1, the.rotary pump

power ON condition is uniquely determifed when the ON-OFF

0 s

¢
A
&5

" contacts are closed.

)

Thus, the logic equatibn for the rotary’pump power

, ON is
E o . - .
1 " R.P .P = ON-OFF . v OLB e RI-I)‘l‘ ’ .
switch ON closed closed -
~p»
= ‘ON-OFF . OLE . KEIDL -
switch >
L
k' . , ) . (Note: No bar on top of the ffems to :
. _ N represent the closed conditions.)
. - LY
’ ' . l = 1 . 1 . 1

f‘ ? : which leads to the following logic circuit disgram shown in

Fig. 3.3. (It should be noted that such loglc clrcults are

not shown in the main diagram Fig. ?.1).

1 = True = Power ON = ON = relay contsct "Normally

"

switch is ON, the overload relay (OLR) and the relay RLD1 ~~

-

N
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In constructing the 1ogic diagrems in this:
-7 % report, the following conventions are followed:

-

’

. a) ——>—— represents the change of state, -

ie. from “OFF" state to "ONY steste and’

CN-CFF__™\_ ON-OFF
sviten = sSwitch

! ‘ represents thal the switch changed from
the "OFF“ state to the "ONY state.

b) '——‘D—— represents an AND circuit.
c) _____.D_____ represents an Ok circuit, and

~ ‘ vise versa; eg.

‘ L . R.P B5
- d) ___B____ represents equivalence. eg. ———B——-Evsg.
. - : represents that when the rotary pump 3 1
] (R.P) is -switched on, the E(5), VS9 etc,
ere also switched on.-
. o L
i . - ' y~~ -
' > ON-OFF ON-OFF SWITCH
SWITCH " :
. T *" ' | R .
OLR ‘ i : R.P.P. .
0 o
RIDL .- . o
- -
. . ; . o
FIG‘ 3 3 I.OGIC DIAGRAH FOR ‘IHE ROTAR! PUMP <
' POWER oN o,




\%\ 3.4 PIRANI GAUGE, VACUUM SWITCHES, ISOLATION/AIR ADMITTANCE

" AND WATER FLOW VALVES:

o

~

Rt v e oot b e e = S et i b

When the rotary pump power is ON, the isolation ’ o
f ‘ v . valve opensQBnd the built-in air-admittence valve closes, ‘ >
A the water flow valve opens, the P@rani gauge, B5, znd the
é two vacuum switches, VS9B and VS9K, are ON fecause all of ‘ %

b

them are connected to the rotary pump power supply, as -
shown in Fig. 3.4. When the Pirani gauge 1is QN,Qeither

the backing or the roughing head can be selected by the

switches bullé-in the Pirani gauge unit to read the corres- CQ\

ponding vacuum.

v ° \
The basic clrcuit diagrem to switch the power ON

b r .
x -for the above components 1s shown in Fig. 3.5 and refers \\

IO e T VP NPPIPOR

to section 2 of the complete circuit diagrem, ¥Fig. 3.1.

Table 3.2 glves the truth table for switching the i

power ON for the above components and leads to the following

\
-

logic equstions:

. ' . R.P = BS(B) = VS9B = VS9R = WFV = IV = RAV
. N )
¥ ' e } /
R.P = B5(R) = VS9B = VS9R = WFV = "IV = AAV . %

The corresponding logic circuit is shown im Fig,.3.6.

. .
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i
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£
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f . -

4 ¢ 0 <0 o } .0 0 0| o 1
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3.5 TIMEK:

When ﬁhe rotary pump is switched on, the one

§

u {evolution Per half en hour timer starts. The detsiled

circuilt diagram for the timer is shown in Fig. 3.7, -

. Y
‘ On the timer shaft, a cam, which operates a
t “microswitch, MS1, at an interval of elght minites and twenty

-

A SCrew.,

l . two minutes, is fixed by means of
. ¢

P

T

. . The microswitch, MS1l, 1s in the relexed positiod

~ initislly and the "Néma&y Closed" contact is closed.
a * i s
Therefore, the relay kIB energizes. KLE1l, which is “Normally

~

, ‘Open", closes as soon as the relay RLB energize's ani/starts

the timer. The timer light comes ON.

- . <
At the end of the eight minute period, the cam

. ‘jgesses the mi¢roswitch, ¥Sl, and closes the “Nor#slly Open®
oﬁﬁac(. The relay RIB de-energizes and opens the RLB1

contact. Thusy the timer is switched off 9t°the end of the

o

‘ " elght minﬁbg period. o
'v..\‘ ) * ‘ A .
. Wheﬁ the spring loaded cool-down switch is pressed
€. : S ke
in order to shut down the system, the relay KLC energlzes

and 1s held energized by its contact KIC 1.

3

s

\ The "Normally Open® KIC2 contact closes. Thus the
¥ .

e timer starta.

R

L 2 ket y
i
'
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—
At the end- of the twenty two minute cool-down

= . "~ period, the cam releases the microswitch MSl. The MS1

comes back to the relaxed position and the "Normally Closed®

,; ’ h contact‘closes: ¥he 'relay RLB energl;éhxand the “"Normally

Open®™ KLB1l closes. Thus, both hLB1 and RLC1 contacts are

N
closed., But, since both the relays RLB and hIC are »

: o
energized, the "Normally Open" contacts KLB2 and HLC2 close

, < 1
and thus the shut-down relay\RLD\gnergiqps. The "Normally

Closed" RLD1 opéns and the rotary power switches off: Thus
g ’\

the timer stops.

* The basic circuit diagram to switch the timer

power ON is shown in Fig. 3.8 and refers to section 3 of

the complete circuit diagram, Fig. 3.1. [ . '

Table 3.3 shows the truth table for starting the
g S\ ' - O
R timer. The unigue logic eguation for. starting the timer is

v -

e TIMER = RIBl1 + RIC2
¥ ) . s , .
‘which leads to the logic diagram shown in Fig. 3.9.

~~
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TABIE 3.3 N\ _

. LA .
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\ HLB] hIC2 || TINER ' .
: (1S1) (cos) - | S

0 0 . . -
\ ’

0 1 : .
\ ]—— Desired condition .,
1. 1 .
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o + o,

> 1 " '0 «——Rotary Power OFF
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3,6 TO OPEN (ENEHGIZE) THE BACKING VALVE: °

~

A detailed circuit diagram to open (energize) the

v . 1Y .
backing valve with a delay 1s shown in Fig. 3,10. A

~ L

= 3‘ L N,
The reason for opening the backing valve with

LR a delsy is as follows:

>
. . . Q
[N

In order to speed up the evacuation process,
sometimes the diffusion pump side is left under vacuum oVer-‘ﬁ
night with the system'swltched of f sq;that it will .not be Y,

B ’mecessary to evacuate the diffusion pump side agaln next day.

If the backing valve opens as soon as tle rotary

pump is ON, the vacuum in the diffusion pump'side hill be
destroyed because of the pressure in the rotary pump side.

Thus, it 1s necessary for the rotary pump to evacuate that -

)

pressure first before the backing valve opens,

A8

Thus, the backing va%ve must open with a delay \k
N bompared to the rotary pump. The thermistors in the backing

valvye circuit provide this deiay.

In order to—fully/apbreciate the sequences of

operation, the following eiplanation for the contacts 1is

.

PR . lgivenx ¢

.

© "8) RICH : Normally Closed. Thls remalns closed when -

the\cool-down\switch is not pressed.
~ .




Q—— .;;‘ !Sﬂ"*“.wmﬁi’%“ (}-'“‘ n;, PR

a

o

'From the mains directly. 110V LC

3%.. BLCL

-

a

FROM THE ROTARY PUMP. 110V ac
V8981 V89Kl
9600 : B MS4 - .
___'*Nl ne -y - 0.4_:__4\
'r'..., :..'_‘y‘,‘\f -. v
To the

roughing
valve

'

f‘rom the rotar)" pump,

HVV closed

.

— * -

~
Pig, 3.10 DETAILED:CIRCUIT DIAGHEAN TO OPEN THE

‘ ¥ BACKING VALVE




. en e A I e e = - - v emm e s

b) VS9Bl ; Normally Open. When the vacuum in the

backing line is better than 0.08 torr,
- . it closes, . ‘ | ’
' ¢) VS9K1 1 Normally Closed. When the vacuuym in the
h/ . - roughing line is worse than 0.08 torr, |
| . | the switch remains closed.
, - . ’d) MSZ 3 Normally Open. 'WHén the high vacuum valve

o § | s closed, the MS2 remainé,ppen; When

. . A}
he valve ls opened, the 2182 contact moves
7 ) over f '"Normally Open' to 'Normally

\ , . Closed' position.

i e) RLA \ﬁg%mally Closed. When the .relay kLA 15
€, ’ . not energized, the KLAl remains in the

? 'Normallylclbsed' positiona '
;. ) ﬁsb t No all& Closed when the chamber air

. ' admittance valve is openéd. When the -

valve is closed, the switch contact goes

over to~the 'Normally Open® position.

’

3,6.1 The backing valve opening: Stérting and Inter-'.

¢

mediate conditions:

— | ) .
) .
— A
¢ \ s

- _ \ ) The backing valve will opea during two

- ' conditions, namely at (1) Starting conditjion ‘and

’ ‘(2):Inte:mediate condition.

3.6.1.1 Starting condition:

I . LA “

* ° During the starting condition; the backing valve

Ll

-




e ~a G L

ks

opens to evacuate the diffusion pump side first;*
and then to provide the necessary backing to

the diffusion pump.

When the islay HLA is not energized, the HLAl‘
remains in the 'Normally Closed' position. The

supply to the backing valve is connected and the’

- valve energizes and opens. ' PO

ihe basic circuit dlagram to open the valve is
given in Fig. 3.11 and ‘refers to section 4 of the

complete circuit diagram, Fig. 3.1.

A——

-

Table 3.4 is the truth table for the sﬁart&ng
coﬁdition; The logic equation 1is

é V =. RLAl
which leades to the logic dlagram shown in Fig.3.12.

A more detailed circuit ‘diagram for the starting
condition is shown in Fig. 3.13. A detalled
truth table 1is éiven in tablé 3¢5. The 1og{c

equation is given by

. BV = HLCL , VS9B1 . VS9R1 . MS2 .
1 = 1 . 0 ° 1 . 0

' )

A

A more detailed logic diagram 1s shown in Fig. 3.14.
s ) = ]

A N

- v .
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FIG. 3.13 DETAILED CIRCUIT TO OPEN THE BACKING . ° -
VALVE: FOR THE STARTING- CONDITION.
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g . o \ opéns. Starting-
. . 1 condition.
B .
) 1 1l .1 0 , 0 =——-Backing velve . .
. : . - ! : . not energised - ‘
s : . . 1 1. L1 1 1 (closed)
: ‘ ' ‘FOR STARTIXNG COilDI-

. z T TION.




%

FIG. 3.14 ,DETAILED LOGIC /DIAGRAN TO OPEN “THE

A - ! -
v BACKING VALVE: FOR THE STARTING
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CONDITION.
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-3,6.1.2 INTERMEGIATE CONDITION:

5

During the Intermediate condition, the.chamber

4

air edmittence valve is opéhed to perform certain

tasks, such as arranging or lining the work

-

pleces etc., which may'take some time to'
('\.

. &
~complete. During this time, the backing valve

,must open to back the diffusion pump. (If the
diffusion pump 1s left without backing fof sbme-~
tige, the mefcury or oil vapours will build-up
in the diffusion pump side, which ig 1padvisab3e.
Thus, during the intermediate condition, the
backing vélve‘opens to provide baéklng to'the .
diffu’}on pump. ' ' _. '

13

. When the relay BLA'energlses, the RLAl contéct

. moves from 'NC* to 'NO' position. Hhen the '

a

chamber air admittance relay is-—qpened, the MSh
moves from the 'NO* ‘to 'NC' pos:jXQp. Thus, the

supply to’'the bagging yalve is connected and
x‘ v

. the valve opens. \ /;) ~ A

The simpliried and detalled diagrams are shown

in Figs. 3.15 and 3 16 respectively. A

v

\ Table 3.6 shows the detailed truth table for the

. intermediate coﬁditgoﬁ.
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The detéiled logic equatibn for the 1ntermedia%e

.

condition
BvV
1

>~

The logic

is

dlagrsm for the intermediste condition
‘ (4

<

<

\Q

RICH ., VS9B1 . VS9H1 ,. MS2 . MS4

.

1 .1,

is shown in Fig.\3.17.

"3.6.1.3  To open the backing valve: For sta}tinﬁ

1

0

.

14

’ N

1

and intermediate conditioné combined:

.The combined basic circult disgram for opening

the backing valve is shown in Fig. 3.18.

-

/
/

Table 3.7 1s thedbasic'truth table for opening

the backing valve.

~

The logic ‘equation.is given by

BV

o

—
-

RLA1l # hKLAl . MS4

" which leads to the basic logic diagram shown in

Fig. 3.19.

The combined detailed circyit diagram explaining

each contact position for opening the backing

valve is shown in Fig. 3.20.

,The detailed truth table is shown in table 3.8,

-

&

The detailed loglc eddhtipn‘is

1

<

pl

]

-

-
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FIG. 3.18 BASIC CIRCUIT DIAGRAM TO OPEN THE

— K
BACKING AALVE: FCR THE STARTING

AND TI:IEI INTERMEDIATE CONDITIONS

COMBINED.
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TABLE 3.7

P,

BASIC TRUTH TABLE FOR THE STAR%ING'AND THE IN

TEKMEDIATE

CONDITIONS COMBINED:

RLA1

MSk

B.V

[« I =

oy

O

+t+—Backing valve energizes, \
‘“ - » ..‘.

—-Note:When the KLAl ‘'Normally Closed’

contact 1is closed, there 'is supply °

to the backing V&lve and hence the

valve will energize. The position
of the MSk contact,whether open or

close, does not influence the opening
of the valve once the KLAl NC contact -
is closed, . rr

’

P




*

“
. <
7 -
.
e ) )
.
! .
»
-
. - .
Y
{ ']
o . B
o - A

RLAL . - | E .

RLA1

© . F16. 3.19#BASIC LoGIC DIAGRAM TO OPEN-THE BACKING

sk 3}-—71 : N B.V.
RLA1 FTAL . / |
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VALVE FOH THE STARTING AND THE' - o
INTERMEDIATE' CONDITIONS C'OMBINED.
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- ” - L Y
’ STARTING CONDITION
NO T Y Y
+ 0 e NE N0 :;Nc
e ye " No e ' NE <’ wo
. RLCY4 VS9B1 VS9R1 ~ M32 '
4 - \\ ) i +
‘ -4~ Ther -~
) + NO ‘\ NO NO NE No N mistor
% , \ . »
¢ 'nNe e ¥ e c e c’l—NQ .;'YN: - B.V
RLC4  VS9B1  VS9R1  MS2 MSh , *
ot : INTEEMEDIATE CONLITION . ,

F1G. 3,20 DETAILED CIRCUIT LIAGKAM FOR OPENING

<«
- , THE BACKING VALVE: FOR THE STAKTING
Ay
AND THE INTEEMEDIATE CONDITIONS COMBINED. ' -
"’\ e’
/ - * e . .
g A ° . . o7 .
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‘ ' TABLE 3.8
. S
/1\. TRUTH TABIE TO OPEN THE BACKING VALVE FCk STAKTING
. ‘ ' AND INTEENEDIATE CONDITIONS COMBINED:

o

[}

RLCA | 'V§9B1 vsgrl| Ms2 | Msull BV

R B

14—

© v .o o
= o = O
[

s
]
o
>
[
 d o o -/O o . . o (=] =2 Lo}
- § .
.
o)
t

0
0
0
1

(=] (= BN = ] (=]

t
PN

O{H

.
,*
.

0 <} Power OFF condition

- Backing valve energizes ’
(opens).{When 182 is in
“Normally Closed" poéition,
the backing valve ooens
regardless of other
contact positions.)

valve opens, In the start-
ing condition, the position
of the }Sk contact does not?®
influence the opening of

. 1 3 1 0 the backing valve.
J 1 - |2 1 1 1 <1~ IMernediate condition:
» . backing valve opens.
\ o <« 1 l- 1 1 1 ¢
\ -
— \ . (\,
~ A s o \
. . N .
. . ’,
as . '--——Q' ) “*\ a
Y . . . )

|_Starting conditlon: Backing ~

4



w

Y

r3.6.2 BUILT-IN PROTECTIONS:

oberation of the-backlng valve for safety reasons:

-
¥

2]

B.V

» .Which leads to the'logic diagram shown in

Fig. 3.21,.

!

¢

: V. —
= .RLC4 , VS9BI . VS9R1 . MS2

»
N (Starting Condition)

"

~ v

4+ RIC4 , VS9B1 . VS9R1 . MS2 , MS4

(Intermedlate Conditibn)
= 1.,0,1.0 +1.1.1.0.1

Intermediate
condition

Starting
congition

o
’

The following protectioné are built-in the.

When the high vacuum valve (HVﬂ) is opened,

MS2sgonteact closes and thus, the relay 'RLA

canngf be energized even when RICY4, VS9B1

3

v

and V§9Rl are closed. 1le. The backing valve *

opens whén the HVV is oéened. 'This arrangement.

is néZessary because the HVV 1s opened only
when thée chamber is to be evacqateé by the

diffusion pump and hence the backing valve

”

-

-~

®,

. must open so that the rotary pump backs the >

diffusion pump. Thus, the backing valve opens

when §hé HVV is opened.

w—

R S "
LY SRER by e A
£

v

'
-




RLCY .

E ' ﬁ . L N ¢ ! . . ‘{
iy , V5931 - K2
3 , RLAL - . s
. ’ . .

VS9R1 Starting .

| ‘ A — : condition . ' '
T B . hs2 , - . g
b ' :1
C 4
i ’ ’
& 4
. : 5. . : !
¢ . . ' R
13
14 ~ - T%
¥ ' ' RLCY { L.
. E . , . A Lo
E + ° VS9BI vs9B) \ _— . 4
2 —D— <\ < hBLAl _
" VS9K * . N R . - .
. , ? 1 RLAL.MSY
: ' oW 1. L T
’ - . - , Intermediate ' ‘
3 ' ’ ’ . . : condition 5
i 4 , 3
“4 = - HSl} ‘\ §
) ° LY h Y - R |
ki L, - T * - : b,
- PIG. 3.21 DETAILED LOGIC DIAGRAM TO OPEN THE BACKING - ‘

VALVE FOh THE STARTING AND THE INTERMEDIATE °

oo " CONDITIONS CONBINED. . o o
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3.7 * DIFFUSION PUMP: =~ | ' : | o

v
s

o

v ’ - ~

When the cool-down switch, CDf, is. pressed,
RIC4 contsct goes over to the NO position and

‘thus the relay HRLA cannot.energize even when

the roughing side vacuum is worse than 0.08
torr. This ensﬁres that the backing ,valve
opens and the roughing valve .closes during

R -
the cool-down period. Thils arrangement 1s

°

necessary so that the diffusion pump is backed

. ., .
by the rotery pump during the cool-down period. .

Thus, the backing valve opens during ‘the cool-
. ’ 3§
down period. .

a)

b)

c) .

The diffusion pump heater switches on when .

metallic) switch remaing_dlosed when the >

preset temperature. ie. sdequate supply of ,
. .- ® . N

.. seondense the wercﬁry or oil/yapour forxr re-use.

BLCK remains closed le. when the cool-down

switch is not pressed, . \\\

-

VS9B1.closes ie. the,.backing vacuum is-
bettér than 0.08 .torr,’and AR

T™hS remains closed le., the thermal (bi-

]

diffusion pump-outer ¢ase is within the

* s

- - -

cold water is circilated arcund the diffusion,
. 1 ’

. - } . » .
pump odter <ase to cool the pump in qrder to

~

s A



o »

- i The circuit diserag to switch on the diffusion -

‘,
™

. pump heater is shown in Fig. 3 22 an,d refers to section 5

of* the complete circuivdiagram Fig.\3.1. " .

.
-
-
3 . A

[l . 1
. L v !' Truth table‘ for the power on ctondition of the
.o . _. B " . \\ N \
e diffusion pump is 'given in Table 3.9. \ . ’
| S é T E N\ ‘ /
: Lo . The logic equation ‘for tHe dift‘uslon pump heater .

|}

3
L IR i T g st e
L]

A s e S =

[

on co;dition is . v
L / DPH = RLCk , VS9BL . ThS _ .
e ’ ! . .

‘ 1.= 1 . 1- .1 . ¢ ' '
,<‘v i - . N . . 3 ’\‘,
whifh leads to the logid diagram shown in Fig. 3.23.

.
4 » v
P . H s
' . o . >
~ .
., - . P E
° .

3.8 T% OPEN (BNEWGIZE) THE hOUGHING VALVE: L T e
. ey ' , . e

' . "‘ - 'When the diffusion pump stde ‘has been evacuated *
. ,w' ° . + N ' .

o to approximetely 0.08 torr, the backing valve closes spud
H '4 .

T R IOy S el e
LR L ¢ o
.
c
v
Q

,
e s AT RO Ve

;/ " then the roughing valve opens with a delay to enable tl}ne

rotary PWip to evecuate the chember.

e .
O apyane s
b

-,

3

e

&

. 4 > L - )
- :) kd ,. * . - .
toS- , " The reasons to open the roughing valve with a s e

[} b . i

delay are given bel9w| \;‘ﬂ T i ' .
;. ) ' » (‘ .Ilh ' : |
T ' . Since the difrus%n, pump side has been evacuated

“*"first py the rotary pump, ,ua is under .vacuum; but the)

AR

. : o roughing side has not yet been evacuéted and hence it is °

¢ . at .atmosphem{:‘pressureﬁ f the roughing valve opens before




} :> '
5
’ i
L}
F . 2
3 »
b -
A
s .
2
.
’
)
-
L}
-
¢
°
v
sy,
i
a L
5

&

110V AC
60 ‘Hz

o

( ’ u.7‘~¢VS9Bl

i . THS
<

. THERMAL
@ SWITCH \
- ", ' . .
B ' - ,’
o Bs D.P.H | DIFFUSION -
PP PUNP HEATER
s :, /
Ls @t C !
. | \
- ‘ . = [ o A

(RIS Sy

FIG. 3.22 %1500
\. r
¢ . THE D

>

t
17 DIAGEAM TO SWITCH ON
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f. L ~FIG. 3. LOGIC DIAGRAM TO SWITCH , " ' -

FFUSION PUMD HEATEK ON:-




. ) the backing valve closes, there will be a pressure link .

between thé'atmosphericﬁpreésﬁre in the chamber and the J

vacuum in the diffusion pump. The diffusion pump side

& pressure will 1ncreése; thus destroying the vacuum and - |
’ causing the mercury or oil vapour from the diffusion pump -

-

to foul up the system.; Thus, in order to protect the system

and to preserve the vacuum in the diffuslion pump side, the
£ ‘

rouéhing valve must open only after the Qacking valve has
A

closed.

\ -
[

The detailed circuit diagram to operate the roughing

P

. valve is shown in Fig. 3.24., . o

J

\ > . - =

3,871 SEQUENCE_OF OPEKATION. OF THE WOUGHING VALVE:

\x -~
Explanations foér RLCW, VS9B1, VSOkl, MS2, kLAl - -

) and MS4 contacts are given in section 3.6.
) . ;
* ‘ . / .
Tﬁg,roughing valve opening 17 carried out as

. . follows: ;- - - f
~ , , ) ) ) \ t .

)
a) When RLClL, VS9Bly, VS9R1 jsnd MS2 contacts are

1

~fﬁ: : to ) made, the relay RLA enengizes end the HLAl

A
“NC" contact goes over to "NO"e position:

' : oo Thus," the supply to thk backiqg valve is ..

~ a ~ removed and the backing valve closes.
.\\‘ \:“”, . ‘ . " . ’ ) 3 ’
i ‘ b) As soon as %ﬁg backing valve piston leaves

3. .

c - +  the fully open positfon, the microswitch,nS3,

. . . . N
. . 4 Lo
PR J L » : A fa r
. . * 5

.
P

0 IR K

) ;‘ A
By
%
3

>

S

1

2risoilpd

N



110V AC,

’

DYKECTLY FHUM Tkk MAINS

£ hLch
* ’ L Y

s
110V A.F.

&

FHOM THE KOTARY PUMP.

. . . VS9Bl1 VS9R1
- ,’NB !_:NQ
. P € ;e

Mk o
RLA1 s Ch.AAV
e s X~ closed -
tiue € ¥

-

L
TO THE
BACKING
VALVE

as shown

MS3

) B.V. ppen

as shown ;

a4

N. RotaYy pump

v

- e l'»_ Mo .
“HVV closed ., e

o as shqwn

{

. g /‘ﬁi bnai;é

w
N
Fe 3N

L

o Pige 3.;;4’ DETAILED cmcurr D]AGRAM To OPEI(ATL THE | .
. l ROUGHING VAI_VE. Cg , X :




- N o e . IR RN AR e T T e

’

°

bujlt-in to the backing valve, 1s released

and the MS3 "NO" contact moves to "NC" position.
- ‘ . & ° . \\

¢) 1If the chepber alr admittance vadlve is closed,

.

14 )
| F " the NS4 "NO" contact is connected.
v -
| . , . . -
| Thus, RLAl, MSL4 end MS3 cohtacts are alljnade and
E . . the supply to the roughing Nalve is connected, But,

because /,of %he thermistor in. the roughing ‘valve circult,
. A

. " - the roughing valve. o%ens with a delay to enable the -

-

‘.

Lo backing valve to close fully.
| E v The roughing valve closing is carried out as follows:

2 I3

o ]

' . _ ' i\}her? the chamber has been evacuated to appi'oxi-?' L
, ' mately 0.08‘ torr by the rotary or when the ‘cham‘per
“badr admittgnce valve 1s opgned, in order i:o avoid a -
p:fes*:sure link, the ro_ughirfg valve closes before the ot

) : backing valve opens as explained below: o .
. s ’ ' i T

¢ e . a)) If either KLAl or MShk eont_:éct; chenges “ovgr;

- . ._ ''then' the continuity to the rough}ng valve is

broken and the valvé‘/closes’almost immediately.

, ’ st _ b) The sux;ply_ to the 'back%g 'valve 1é’ reconnected.
E ) o J ‘ .The backmg velve thermistors have cooleq ’

| . ' o down - sli\ghtly since the valve was not engr-

- E S gized(closed) when the chamber was evacuated
; ,

) ) ’ . A by tHe rotary pump. Bgzc'au)sq of the initial )

[




?

high resistance of the cooled thermistors,

‘ the backing valve opens with a delay. Thus,

,the roughing velve closes first snd then

only the backing ,valve opens. *

< . ]
o 0

The basic switching circuit to open the roughing ~

velve is shown in Fig. 3.25. and refers to section‘é

of the complete circuit diagrem, Fig. 3.1. The detailed

switching circult is shown in Fig. 3.26, !

&y Y - ~
Th'e logic equations for the roughing valve opening

Y given belows ‘ . v
RV = FRIAI . WSH . MS3 or = 7 - *
RV = RICA . VS9Bl . VS9R1 . W&Z~, W8H . Ms3
/*‘/"-q . .' - '
) - 1 = l ) o' ‘ 1 e l . O " O . 1 »

s

- ‘v_ ®5s  0.08 mmHg '0.08 mmH :
s . . g . HVV
g RV backing roughing ‘( ,_x

!
e

-

. e
. (CAAV) . (BV)

»
[

Table 3.10. shows the truth table for the opeyftion

©

of the roughing vﬁive. L T

» .

L . -

The logic circuit diagram obtMined from the loglof’, :
equation is ??g?h in Fig. 3.27.

!

3.8.2 BUILT-IN SAFETY PHOTECTIONS: '
N [

.

1
M [}

The folloﬁing safety protections are built-into

).

.“

the operation of the roughiné.vaivec,.‘ Vo

L4
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TABLE 3.10

- ‘ v : - ’
' N
~ TRUTE TABLE FOR THE OPERATION OF THE HOUGHING VALVE:

~

¢

ks3 || r.v

—Roughing
valve
‘opens.
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Both the roughin® and the backing- -valves

cannot either close or open'at the same

time when the system is switched on.
w R ~ ): *

The roughing valveléloses and then the

. \

backing valve opens when the- chamber air”
admittance valve is opened. The reason for

* this operation is-explained in section 3.6,1.2.

B

e . * \
The roughfﬁg valve cannot open when the high

€

vacuum valve 1s opened to enable the %aéklné

wWhve to back the diffusion pump.

| -l‘ ‘ —
The roughing-valve cannot open during the =

cool-down period since the backing valve must

open to proQide backing to the dif-fusion pdhp.

»,

.9 ALARM BELL:

The desired condltioﬁ,is that the alarm bféllﬂdoeso

/not, ring (le. OFF) when the high vacuum valve is opened.

The circuit diagram is shown in Fig. 3.28. and

P

refers _to section 7 of the main ¢lrcult diagram, Fig. 3.1,

- <
: The folléwidg’explanatipn of the relay contacts is

glven to_appreciate the operation of the'alérm bells
) . ’
~ a) KLB5 remains closed when the timer 'is on for

¢ »
§




R ST SR

L4

AN

MS2
HVV i§ opened
as shown

a

B

. 1




' g(
&

3

Gia A

'!!9.1 ALARM BELI OPEHATION : '

-~3
(o)}

.

b

.

Hulinldd By A

the first elight minute period during which
N ' L

e

o

time the diffusion pump heater is warming

A

"

-
!’*‘ 3
I

up and tﬁe roughing chambé} is evacuate&.

~
b g e R

- When the eight minute period has -jfp‘sed, .
RLB5 will open. -

.7 /\

b) VS9B2 remains closed when the vacuum in the

backing line is worse than 0.08 torr. When

,g the vacuum is better then 0.08 torr, vs9s2'

opens, v
K B 1

L e
¢) RLAS3 remains open when the roughing */}ve g

closes, (1e. not energized) .

~

d).ﬁRLCS remains open\when the cool-down switch

is not pressed. ., o U iu\

~.

~e) MN82 "NO"'contabt'goes over to ™NC" when thé

°

- high vacuum ,valve is opened. -

" -

If. an attempt is made to open the high vacuﬁm

3

valve wHen any one of the, follow?yé'relay contacts is

olosed the alarm bell will ring to warn ehe operator

«

not to open .the valve. When all the relay contacts T

‘ere open, the high vacuum valve can be opened safely ' . 8

by the operator. T N , : S : i
. . - { Aﬁ - ) ;%,ﬁ&‘

. eTable 3v11 sivas tbe truth table for t“’*‘e"“’alam° :

.,n‘

s‘ v
’



TABLE 3.11

P .

>

HVV

TRUTH TABLE FOR THE ALAEM BELL OPKRATION:

. .

n

o

WHEN THE

ALARM BELL

-~

[N

+————1 Desired
condition,

\




J

ol . -
U N TR A% TR e T TR SR K Wt e kS ORIT R f T Liah AR A
.

~

n
-,

‘.' ’ “F .
bell "ON<or OFI" operation, when the high vacuum

valve is opened. - ‘ -

- e
7

"The logie equatjon\for the desired algrm bell

"dFF“ condjtlon, when the high vecuum valve (HVV) is

\

opened, is ) . \ 4,

-

» b B (RLbS + vS9B2 + HLAS + hLCS) LS2
ﬁt; 0 + 0. 4+ 0 - + 09,1

]

N

~ T The logic diiagram. for the alarm bell “OFF".
condition, when the Hﬁgh vacuum valv% ;s opened, 1s

glyven in Fip. 3.29.

.3.10 READY LIGHT:

v The "Ready" liaht comes “ON" when the following
contacts are made, indicating that the High vacuum valve

can Ee openéd safely: v

/(

§ . ‘ B »

a) . VS9R2 closes when the roughing side vacuum

is 0,08 torr.

b) : RLA2 remains closed when the back}ngt$alve

[}
2

s open? s ' .

-
. LN
s ,

.c) RLB3 closes elght minutes after start-ups 'The

relay HLB de-energizes apd the timer- stoos, end

\

-

d) RIC6 remains closed when the cool~down switch {

f v




:
- [y

* ' .FIG. 3.29 LOGIC CIRCUIT DIAGEAM FOR THE ALARN/BEIL

“OFF" CONDITION WHEN THE HIGH VACUUM °

. VALVE IS OPENED.

)
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¢ TP a ey e AR BN B RO VARINL S Ay S - -

’ - Y . A 1
! L - ' . ‘ .
N

. Ao ™ - 1s not pressed.,

{
' . B Yo

Y . o The circuit disgrem for the "Ready“ light

1] «

- | powér "ON" 1s shown in Fig. 3.30 end refers to section 8 Ly
. +

of the complete circuit dlagram, Fig. 3.1}

- ]

Tk Table 3.12 refers to the truth table for the

"Ready" 1ight-"ON" condition.

. - o . \
The logic equation for the “Ready™ light ON

-

condition 1is

R.L VS9K2 ., RLA2 . RLB3 . HLC6

it

rS 4. . ‘ R
y . 3

1= 1 %101 0
~ . ' . v
which leads to the logic diagrdm shown in” Fig. 3.31. % .

- 4

3,11 COOL-DOWN: . o ,
L \ 3 a ’ ;

J Vs v 7 ) ';

_ when ‘the spxing-loaded cool down switch (CDS) is . .

"“J pressed, usually at the end of the day or at the completion

of the operation, to shut down the system, the following {
:

-«

sequences take placer . »
7 . . . i

+ a) The relay RLC energizes end is held energized
by its own KLC1- contact. Tﬁus.‘the timer stérts.

.

b) The "Normally Closed" RICL opens\and the a

] diffusion pump hester switches OFF,-

-r
¢
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. ¥ . Y - Poame 0 s

‘ TABLE 3.12 , o
THUTH_TABIE FOK TEE “REALY" LIGHT POwhH “ONY
' vé9n2 | mLA2 | miB3 | mic6é ||.h.L | '
, 0o 0 0 -0 0 . .
\ 3 o | o 0 1 0
S po 0 1 o "o | «
: ) . . - . 0
oo ; . . N 0 ‘
g ! . . . . 0 ,
] 1 |2 1] o 0
S 1 1 1 e READY
, g - | LIGHT ON.
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c) The relay HLA cennot energize since KLCh is

) . ‘ open, and. thus, the roughing valve cannot o

©

opan during the cool-down pefipd.

d) The RLCé contact opens and the "Heady" 'light
- - X switches‘"OFF"

E

' . e) The RLC? contact cioses and the warning light
1t . .f ’

. comes ON, e ' o \

The circuit diagram ‘for the cool-down switch -

X [ operation is shown 4n Fig. 3.32. k ‘ : .

4 Lad N 4

Table 3 13 gives the truth teble for the cool down

~§? switch operatlon: . ‘ ' L - '
:"E: . . ) A ( , . s /
» A ' The logic:equation is given by 8

3 i CDS = TIMEK ', DIFF PUNP WEATER ..RV . AL . WL
. ) l = 1 . 0~‘, « O -, 0 z

which-lesds to the logic diagram shown in Fig. 3.33.,

ARG : - . .
. 3.12 WABNING IIGHT: . . ) :
- . ‘ . ‘h . ) N - ‘s‘ tn
L When the cool-down switch 1s pressed, the relay "

RIC energizes end closes the “Normally Open“ KLC? contact.
’ The warning light comes on, indicating that the cool-down
switcb 18 pressed and. the high vacuum valve must not be

opened, ' : ’
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: v TABLE 3,13
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59

.

o

4
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TRUTH T%BIElgHOWING THE.COOL‘DOW

3 »

'

..
x

-

DIFF,PUMP

CDS

. b . [} L
2 3
.
.
. . ’
4
* L . o

. ]
’ 9
LA .
1S 1 [

© o o o ©

.

‘- O

Ya

o O o o ©

N SWITCH OPERATION: . =~ ,
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pressed.
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The circuit diagram ‘Is shown in“Fig."B._Bl& and

cooled dowh for about twenty tWwo minutes, the timer-cam
- b

.
arrangement returns the microswitch, MS1, to the relaxed
position and the MS1 contact moves from the "NO" to "nC“

contact. The relay RIB thus ensrgﬂZes *and the HLB2 contact -
* \ ' N
closes..

r r

)

~ ~

-
Since t’he cool- d0\m switch is already’ pressed,

"
ae' relay KIC .is energized and the RLC 3 contacfr‘\ilosed.

Since both the contacts &xLBZ and hLC3 are closed, .
the relay KID energizes and opén's the LLDLl contact to'dis- - :

”

connect the supply to the rotary pump.

- Thus, the rotary pump and, hence, the BS Pirani

gauge, vVs9 vacuum switches, the backing, isolation and-water

) -

)
J .
i - TR 0

Lo NS Y

- refers to section 9 of E:he complete circuit dimgram, 3 ‘
Fig. 3.1. T '.'.‘ o ’ . ’

Table 3.14 gives the truth tab]e for the w:arning i

light operation. The Z[Logic equation is - ;
W.l = HIC? S i

which leads to the 1ogic diagram shown in Fig. 3 35. o - {A

.- - - 1
3.13 SHUT DOWN; | BN B L
. - _ ’ t

, «As expldined preiriousl\y, when ‘—fHB cool-down swi,tgh,y ;i/

is pressed, the timer sta'rts.‘ When the diffusion pump has L

e

S
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‘< .

flow valves are off. The éﬁrﬁgﬁmlttance valve Built-in
- ‘-h\ ’

the isplation. valve opens end admfits alr 4nto the rotary

pump,line; t:

‘Thus, the complete systeq IS shut down.

K . A
)

- The circuit diapram exoleinlng the shut down -

operation is shown in Fig 3.36,

-

4
) The basic circuit disesgram to shut down the rotéry
h ‘ r ,( €
oump is shown in Fig. 3.37.

' y
— . :

' e
b Tables 3.15 and 3.16 show the bagic‘and)the égfailed
. v

~ trubh tables respectively to‘§;;%&Q2yn the rotary

and hence the systen. !

pl

i
3
.The basic logic equation to shut-down the rotary
jpump 1is ‘ |

L3

.ﬁ‘?. < EDI

which leaq§ to the logic diagram shown in Fig. 3. 38.

rThe d8tailed logic qugtion to shut-down the
rotary pump is " - <!

RIB2 . RIC3

- "= Ms1 . cDS

*

. - ) .
» Which leads to the détalled logic diagram shown in Fig,-3.39
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F1G. 3.37 BASIC CIRCUIT DIAGRAM TO SHUT-DOWN THE

‘o

~ ROTARY PUMP AND HENCE THE SYSTEM.'
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/TAB’LE 3.15

- v

i

BASIC_ THUTH TABLE TO SHUT-DOWN THE ROTARY PUMPa

' ~o

TABLE 3,16

4 ’

>,

DETATIED TRUTH TABLE TO SHUT-DOwN THE ROTARY PUMP:

O ———————

»

\

.
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> 3.14 TO OPERATE THE 1SOLATION/AIR ADMITTANCE 'VALVE: ~ . .

\

The isolation and the air admittance’valves are

buxlt-into one unit and are powered from the same supply *

~

£ ) ) 9ndwhence they‘are considered together in this section. .

WHen enefglzed,,the isolation valve opens and
' simultaneously the air.admlttancé valve closes to prevent

air enperjng 1nto‘the rotary pump s;de. When not energiéed,
the 1solstion valve closes and opens the air admittance x
velve at the same time to admlt ai; into the rotary pump
side to équglize pressures in the.vacuun pump and thus to:
prevent the ro§ary oll surging into the vacuum line.

\ ;- When the ﬁower is femoved‘ because of the use of

‘ | a capscitor, the isolation valvéeiiOSBs with a small delay
and the air admittanc?,valve opens with fhe same delay '
(aﬁoﬁt five seconds) to adﬁit air into the rotary pump side.
This delaylensureg\Fhat the becking yalve is fully closed
'before air is admltted in'o;dér to preserve any vacuum in

P

“the diffusion pump side.
.\

[

The oircuit diagram for the lsolation/air admittance

i .
valve is shown in Fig. 3.40. A

- 5

N '

\‘ © The ‘truth table for the isolatlon valve is shown

‘ in Table 3.17.

’




3

. FIG. 3.40 CIRCUIT DIAGRAM FOR THE OPERATION OF THE

ISOLATION/AIR ADHITTANCE VALVE,

97.
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s

'
P

s
Lo get
B

The'logic equetion for the isolation valve (1V)

is given by
4 . . .
- k.P. Power = 1V - o -
(RIET = TW) - e T
B ‘ ,’ -

s
which leads to the logic diaagrem shown in Fig. 3.41.

. Table 3.18 shows the truth table for the air

admittance valve (AAV) whiéh leads to the logic equation

-

]

R.P. Power = AAV

[N

gdT Lida -

or-  «ELEI' = aav).

3 ’ . . 14 ) d
8 .The loglc diagraem is shown in Flg.'j;hz. i N

g *

v '~3.15 MOLIFICATION OF MODEL BS5 PIRANI GAUGE.TO OPEHATE TWO

L

; . Y .
3 & "yho VACUUM SWITCHES,

- »

Model B5 Plranl gauge circuit diagram is shown in

Fig. 3.43. &as shown 4n Fig. 3;23, fixed ‘resistor, R7,

T A T L

(470hms),. between K and A,(=?1n3) and another fixed reslstoi,
R8, (b?ohmg), betwesen K and E (=Pin 1) form the two arms of

Y sy VAR

e N

a Wheatstone bridge circuit. When a Pireni gauge head, either

; o , backing or fﬁughing, is selectéi;ry means of switch i\?swl/l)&
. ié: ~ - or<sw1£ch 2 (swzfi). the circult{ including the Pirani geuge,
B | \ can be written as shown in Fig. 3.44. The vacuum switch VS9 ¥

is connected between point K and Pin.4, as shown in Fig. 3.&4.

A “In the existing B5 model, only one vacuum switch, VS9, i
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~.QABLE .17

TRUTH_TABLE FOli_CLOSING THE ISOLATION VALVE:

N
o

Tl .

- .

— IV OFF. De'sired condition .

/

H.P.P " R®.P.P
.

(ws) . (EmED L

#IG. 3.41 LOGIC DIAGRANM ROR CLOSING THE
" ISOLATION VALVE

i

M~




Sy

. TRUTH TABLE FCH THE OPENING OF THE AIR ADMITTANCE. VALVE:

. ¥

A P v

. . T4BLE 3.18 ’ -8

)

B e e e S el S LA

o/ Ty
3 . ’ ' . . ' P
RN R.P.P [, aav _ ' ¥
0 1 «—1—Desired condition
: | 1 0 -
. ‘ £, - ;
‘ , S

/

N
. . 5
N
-

Al w2 G Riaa Y £ < et

\ BCP.IP N R.P.P d

Oy

>
(RLE1) (KLEY)

) . . - o L
. ' ’ !
1

]
- - -

F1G. 3.42 LOGIC DIAGHAM TO OPEN ‘THE AIR ADNITIANCE

[}

4 ) v VALVE
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SIS by ey
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e I B N
4. N
K
!

can be selected by means of the switch-at a given time. ,'

i Buﬁ, for this automatic vacuum system, it is

o - . . ' 3

¥ necessary to connect both the vacuum switches at the saékx
e : s .

time to control the operation of the backing ang roughing

.. L B t,
valves simultaneously.
~ X ' 4 "
AN o . i 1

N

 Thus, the model B5 was modified as shown in -
Fig; 3.45 to suit this requirement by basicadly incorporating .
@f (1) two Piﬁ,“ connections‘indepéndgnt of the switches and
> (2) another set og'h7ohgs‘resistops between AK and KE.
Thus, the backing vacuum §witch VSGB is connected bepweepw ’ :
K1 and bécking head'?in 4, the roughing vaeuun. switch VS9R ‘ - %
1s connected between K2 end roughing Azad Pin & and both'tﬁe“‘ '
VS9 vecuum switches dperate 1ndépendently of the B5 swl/1 Tt

. and swz/l switch positions.

. , . .
&\ -/ T L @ _ @
\
3. 15 l Basic ¥peration of the modified B5 circuit: -

) - ) B "y
When the vacuum in the roughing line 1ls to be
. )
measured, the B5 Piranl gauge 1s-aonnecte§ to:the ;ough7.
ing Piranil head and in the backing side, the BS5 Pirani

N

gauge, whose internal resistance 1ig 2800hms; is replaced

§4 < : by an equivalent 2800hms, 1%, precision resistor. Thus,
AN T both Pirqud heads and VS9‘sw1t%hes are connected at

!

the same time and the roughing vacuum is read by tha "

“When it is required to measure the vacuum

Piran% gauge.
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L
v _ in the backifig line, switch swl/1 is pushed. This

connects the BS gauge to the bacéing head and replaces

© - . the }auge-witht{ts equlvalenf QBOohms, 1% precision

— R

kg@ ) : resistor\g? the roughing side.

<
S ) ~ .
[ ~ ‘ -

- n . Thus, both the vacuum switches are connected all

d ( the time during the operation, regardless of the B5S

1

' - switch position. L

— . . AN
3.16 TIMER-CAM: ¥ETAILS OF THE CAM DESIGN:
) < »

-

A cam was design;g and made as shown in Fig. 3.46,
The cam was fixed to a }m1f an hour per révolutlon timer by
" means of a screw as shown in Fig. 3 47. The sense of

- : - v

rotation Of the timer was clockwise, when viewed\Yrom the

.
BG4 pt

L s ~ N - N

i shaft side. , -

. - L] .
w " . v -t
N

P

Y
L]
ey

-
.

—— y
Eaii- 10
-

*

e

e T
° LY

M , 3 S
3.16.1 DETAILS OF TIﬂEB-CAM-MICROSWITCH,QéEHATEONa
- : ——

©

S A a) .During the first eight minutes of warm-up,

”

i ' the microswltch, MSl, fixed rigidly near the K

“ cam, 1s 1n the "relaxed" position. The .
E) * 3 ' \

"Normally Closed"™ MS1l contact ¢loses and the

s relay RLB thus energlzes. ¥ :
: \ ‘

, Y .

- b) After eight minutas, the cam, due to its

S . Tt 'y oo design, presses the MS1 and the "Normally Open® Y
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. contact closes. The relay hlb de-energlzes -

and the timer stops. N

o

c) When the cool-down switch is pressed, the timer

starts. The-cam rotates with the timer, still

e pressing the MSl and de-energlizing the relay

‘BLB during the twenty two minutes of cool- -

«{

ES

down period.

.

d) At the end of the 22 minutes, the cam releases

the pressure on the MSl, the "NO" c¢ontact

changes over to "NC" and energizes the relay

~RIB, which ¢auses the shut down‘}elqy to

_ ‘energlze and swiltch off the whole systenm.
I - ‘ K
e) To restart the next cycle, the timer-cam-MS1

arrangement follows the above steﬁj-(a to 4) -

r-
N

d <“ ’A -
v dﬁkhont any re-adjustment.

P
+

Thus, in this chapter, the detalls of the operation

ghd the design of yhe autoﬁé}ic,system have peen, explained.
™ : o

In the'hext chapter, the selection of major hardware used

’ i " in this system will ‘be described. : A e

(S ' N
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. CHAPTER 1V .

. - MAJOR HARDWARE SELECTION .
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- CHAPTER IV .

. MAJOR HAKDWARE SELECTION

o " Details of various major combonents used in this

sutomatic pumping system are described below: o - )

NG
4,1 ROTARY PUMP: ' ° ‘

]

-

- - A rotary pump was used basically to provide backing

to the diffuslion pump and to rough the chamber.

\ «

4 ¢

. ' A single stagg/gas'ballaéf rotary pump, model, - ‘ -

ES35, was used. The pump 1s‘speclf1ed,to give an

fa.’x-r . {r;" S

1 NGy B 7

ultimate wvacuum better than 0.01 tor; witQOut using

the gas ballast., ,

oo P

Figures (4.1) and (4.2) show the basic end the

detalled featﬁrps of the 'Speedivac' mpdel'E835 pump
respectively. During the operation, the ai; from the
diffusion pump side entérs the vacuuﬁ.pump inlet. The
two blades in the rotor sweep thls'volumq of alr and*® -

4 compress the air to Jjust ﬂigher than- one atmosphe}ic .~
pressure. The pressure causes the dischérgevvalve to
open and thus the compressed alr 1s‘expelled‘t9 the

atmosphere. This cycle repests and more and more alr C

is evacuated, thus creating a vacuum in the diffusion

~

1} pump slde, . L
A gas ballast device built-into the pﬁgp enables the

. }
= ¢ ’



7

g
.3

o
3
&)

»

FEATUuES OF A KOTAKY PUMP

c w < - N X
fnd L3 .
n
- c
. B h - A -
. ®
o~ ‘ . f - ’ . N
.. - ~ -L
LE 4 . I %
. . 7
o
-
-

Spring-loaded Blades

b ]

s




. .- ———— -

~
-
g van

A
.
-
\
Py T b

v
O

N
b

/
-
~

& - ’ Vc:uo;n fnlet

.:i
:

o - Shaft Seal Plate Screw .
< i 3;.;

; . . . P

- px

, ¥

Shoft Sea! Plete :

ST

o

Shaft Seal Rubber
) E.xhoml Nozale '

! ) . -

.
PR
R

2

O Leval Sight Glass A ‘

. . a R

(e

'
Laanw

i

. ~

: . o FIG. b.2 DETAILED PIKTUMES OF A HOTABY PUMP

N *
;




. B T . - et e rsRa o . oy el s T, L
PTG S T G ERAPROAT. L U R e e e T Ty e

o ~ R
. v 11X E

W N\ "*;?‘

| IR

o A

o

condensable vapours, if any, in the diffusion pump

et

side to Be‘pumped directly to the atmosphere in the

vapour state, thus avolding contamination—ef the %

! interior of the pump due to condensation, By opening }%
the gas ballast device whenever rgﬁulred,.a quantity ]

of alr 1is 1ptroduced at atmospheric preéessure through ~

< a one-way valveé into thetdxgcharge slde tq ihcrease : ‘é

the a}r to vapour ratio to p;event condensation within | é

the pump. Thus, the gas'Dallast device i1s used at
fhg start-up only to remove the vapour in the diffusion
pump side. During the nprmal vacuum pumping, the gas '

, . ’ \
ballast device 1s closed. e

My o2 e
ke T

Q

)
s e

The pump is normally suppllied with a half-an-inch
boupllng‘and a flange. '0' rings provide metal-to-

o

metal vacuum sealing.

v

4,2, MAGNETICALLY OPERATED 2" ISOLATION/AIR ADMITTANCE VALVE}

* - -

' A 'Speedivac* model D 2140 valve‘was used in this

‘aystem for mounting it in the half an lnch vacuum pipe line.
( , Y ' .

f The valve's specifications are as follows:
CO11 TesiStance ........... 4000 ohms..
* ‘Current (appfbx)........... 0.05 Amp.
Power (approx) .....e...s. 10 Watts. -

. ) VOlthe I‘a.nge ' ] -\- Cssess e 110V‘t° 127V 8.C.,

. .*‘t h‘\:\:;w:“
AN Sy e g
PFEE vy o R

R S RER O




_designed'to open. The valve 1s construqtéd such that no alr

GENERAL DESCRIPTION: . N .
\

~ .~

_°FIG., 4,3 shows the details of the valve construction. .

The valve is designed for use in vacuum puﬁpihg

systems for automatic isolation and air sdmittance to

v

A
rotary pumps when 1t is switched off.
. \ o

When the valve is switched off, the isolation valve

is spring-loaded to close and the alr admittance valve 1s

o0 A _ .
can,.enter the sysEem from the alr admittance device during

Y
the isoletion valve opening. The pressure dlfferenpial

v

‘ .
against which the valve wlll open is dependent on the voltage 1
applied tb the valve coil. The valve is intended to open
only when @he differential pressure across the isolation

R « ! ’
seating is very much less than one atmosphere. This is to

avoid exposing the system to a large surge of air contained

in the rotary pump pipe line when the pump is switched on.

y
The- valve-is mounted vertically.

. o . -

>

t

M~z v

4.3 BACKING AND ROUGHING VALVES: 4

Two Speedivec half-an-inch magnetic valves, model

D2120 were used. One valve was used as a backing valve and
\
the other as a roughing valve. This type of valve is

a

intended for use as an isolation valve. 'Flg. 4.4 shows
: . -

§
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Split sponge
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Plunger rubber

Spring _
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 prc. 4. Aln MAGNETIC ISOLATION VALVE
T " [Code No D2120] :
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the details of the valve. 1ts specifications are given

below: o

Voltage range t 100 V to 127 V ac.
s ‘ Coil resistance : Approx 800 ohms.

Current k ¢+ 120 to 150 mA , }

|
1 . ' Although this valve wil¥i seal against atmospheric §‘

pressure in either direction, it is connected 1ln the system -

in such a menner that the pressure differential acro"séflt, ’ 4 +
A

.when ¢losed, assists sealing. The low- pressure side of the i

valve ‘has a md‘?k B on it's aluminum casting and this .side

~ i <
s connected to the low pressure side of the vacuum system.

f . - s
The valve has a bullt-in rectifier for use on a.c. au‘ppliﬁ ;
< ,& )

!

The rectifier is situated under the top cover of the valve. =~
If a d.c. supply is used, it will be necessary to disconnect

the integral )rectif‘ier .

-

A 1limit microswitch is provided at the top of the

valve for external swltching.‘ The limit switch 1s operated ',

by an extehsion off the Xalve plunger which strikes a .o
g ' . rubber diagram. This, in turn, presses a button which
;.z apesfte‘s the*1imit switch. The microswitéh contacts are

clearly marked "NO" ("Normally Open"), "NC" ("Normally Closed")
: end C ("Common"). When the valve is energized (open), the

"NO" contact closes and the "NC" contsct opens. .

i [



b,4 PIRANI VACUUM GAUGE:

N

.

e

. .A Speedivac model B5 gauge was used in this’ system.

, ﬂ///f’ Its specifications are as gibeﬂ'below: ' <
/ ‘ L ot ' [y
< - Pressure range 1 0.5 to 0.001 torr
- 7 Electrical supply 1 100 to 120 V a.c. 50 ta 60Hz ~
Output impedance Better than 0.5 ohms(typical) - o
The working prlnciple of a Pirani gauge: 1s descrlbed as ;;
. ‘ ' £
~ follows: : *
k. ’ Pressure chenge in a yacuum system br;ngs about

. a rise or fall in the number of gas molecules andlln the
. , .
thermal conductivity of the gas, When the thermal conduec- -
tivity of the gas varles, the heat losseof an elgctricalIy

heated conﬁtant voltage filament in the system also varies. - ,

@he Plranl gauge head filament, normally made of tungsten,

has a high resistance temperature co-efficient .so that even

4
a small change in system pressure brings about a measurealble

The filament forms onéi

»

change in the filament resistance.

arm of a Wheatstone bridge and the change in resistance

results in an out of balance current which can be read as .

pressure on a meter. ' g .
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4,5 PIRANI GAUGE HEADS:

° .

? - N .

&
: Two metallic gauge heads, model M6A, shown in.
‘ . \

Fig. 4.5, were used. One head was used to measure the

backing pressure snd the other to measure the‘rou'ghing

4 B - *
pressure.

Q ' ~
[ N

- ‘ .
"As explainéd in section 3.15, the model B5 Pirani

gauge has two push buttons to‘ select the respective gauge

-

heads, . : .

L
<

L.,6 VACUUM SWITCHES:

o

&

Two vacuum éwltches, Speedlvac model VS9, were’
A Y 8 ¥

"

used in association with the B5 Pirani gauge to control
certeln séquences of operation-of the system. Qne switc'h"
. S 4
was operated by -the backing pressure and the othei‘ by the"
A

chamber pressure. . ' \ -

< -
s ‘ »

[ - °

The switch does not require eny head or any

connection to the vacuum system and has adjustsable 10w end

o

. / J
high switching.levels. The stiitbh covers the full range of ™

-
N

the Piranl gauge to which it s connected.

EY
[y
v

. » . . ~ N
As nex%laihed‘intsecti'on 4.4," changes in the system
vacuum cause voltage varlations in the P}rapi gauge and:
» ’ * = ¢ .
vacuum switch. The switeh . |

tHese same voltage operate the

v ’ ) ‘ . )
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! N \ . 2
t con o | k 119 |
W s _
. has two uncalibrated controls, LP(Low Pressure) and HP
f‘ (High 5::ssure), on the front panel, as shown 1n\?1é. L,6 '
. B \ °
4 to select the lower and higher pressure levels, each . . |
E‘ covering the full pressure range of the Pirani gauée. ' r
: \ '
4 : | B
4 The controls "LP" and "HP" can beg, set against the Pirani
A ! - \
§ J gauge readings.- The input connections to the ‘switch and
i ' : T
& the external relay contacts are shown in Fig. 4.7.
LS ° ' ¥ .
; < . —’u g’ . N
B , v Ve ‘ \
" 4.7 DIFFUSION PUMP: : .- \
;j An oi% diffusion pump, Speedivac model 203, was \
4 - used in this system. I\\\\
Thé'speclficqtions‘arex. v -
3 Number of ‘'stages 1 Three
v . .
i~ Speed, at baffled value inlet t 551itres/sec.
kb * 3 , _6
3 . Ultimate vacuum using NO,702 fluid : 5x10 torr
C : ‘ Maxlimum backing pressure for
" - ~ specified ultimate at standard 1 0.5 torr
5, . heater input e
N
Recommended speedlvac pump s ES35 or ISC50B
' -
Fluid charge 1 50 ml
Heater loading 1 250 watts,
N : Water connections / .1 4% water union
) ‘ N . ;
' Max water flow at 15° % 1 0. 411tges/min,
»y
Baffle valve type _ ) 1 512




’

8-1, 8-2, B5 gauge selector (VS) Set to match associated Pirani gouge
LP potentiometer ( . Adfosts low pressure switching point
' HP potentiometer (RV2) ‘ {usts high pressure switching point

i
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‘ ‘ ® ® voLts ~n Q) ®——~—C<m securing
, \ - screws .
o icat t l -
O ﬁng:‘%sor r:lxnys serial No
JINT NI L L
. . I\ S D ) R {1
S 23 @..@OC..@@ d )
e . / @ @ . @
+ . .
¥ - -
' EXT. RELAYS  ° External use N.C. and N.0.)
: , . conftects for heavy duty )External
apparatus @ . )power
‘ ) supplies

INDICATOR LAMPS" Change-over contacts for }required
)

X " external indicator
<%

The label shovis the de~- energized position

of the relsy contacts. v
\§ 'mkky) . _
INPUT&Q;' " For connection to Pirani gauge
e

. . Earth connection for cable screen
. : .

o . Lo

FI1G. 4.7 VACUUM SWITCH VS9 REAR PANKL. -
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A sketch of the diffusion pump is shown in
Fig. 4.8. The baslc principle of operation of an oil

(or mercury) diffusﬁon pump 1is given below:

The 011 Y¥s boiled at bscking pressurgiln the .
reservoir A and vapourises into the tube. At a sultable
rate-of heating, thisAstream 1mp1nées on the reflecting ,
“umbrella" - shaped cone C and streams down thz snnular .
tube D, The pump(is'sprrounded by & water jacket E so
that the downward stream of oil finally condenses against
the walls near the bottom of the tube D and retumrns to the
reservoir by tﬁpe F. This tube F 18 u shapedfso thaty o1l

collecting in it prevents direct contact between the

The gas molecules in the space Jy which is directly connected
o

to the vessel being exhausted, diffuse into the 01l stream

°

at D and are forced to the backing pump. *
S

C S o %

4.8 -HIGH VACUUM VALVE(BAFFLE VALVE): i
Y - o oy

A two inch baffle valve, #eedivac model 512, was ( D

used. It was found at first that the walve did not make '(J ’%
proper sealing with its base becadse of Improper seating. \\\ X

Therefore, the base plate was chamfered‘at its end to make

a proper seating which reduced the leak to a negligible aﬁount.

4
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4,9 CHAMBER AIR ADMITTANCE VALVE! " iy
« S .
A Speedivac mode; 0SC 1 air admittance valve: was ’é
‘used to admit air into the work chamber. . &

1] . 'a,\

e ° - \

- \ i et .1‘
4,10 VACUUM CONNECTIONS! - - *

Fs . L

L]

- Maximum exhaust speed of the pump at high vacuum -4

can only bé obtained by .using the shortest length of wide

‘a”i“"'

‘i-z_‘ .

bore ‘vacuum pipe ébnnection practicable., Long 1eﬁg¥9$ of

2
4,

narrow bore plpes affect both pumping speed and u1t1'mate ' g&

. vacuum. ' o *%
) ) Short and wide bore pipes and demountable couplings §\
. were uséed during Ehe construction of the system. In order f%
' to minimize leaks, the joints were brazed and proper '0O' ' ) %
rings and greases were used. ’ %

4 ] . 'g

RIS,

&
4.11 TIMER: r
\ N “

Kl ' * T

A ‘half an hour per one revolution synchronous ' . ,;'?

‘motor timer, made by General Control Switches and Tiﬁe}s &

*
~

Co.; was used.

- -
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4.12  BELAYS: i : ; LK
y Potter & Brumflld zzlephone type d.c. relays, t?
model BS 17D, having the follbwing spec;fications, were = - ;
used: . .
o
. -
Coil vq*ltage ¢ 110 v, D.C.
‘ Coil resistance in ohms 1 6, 500. :
Nominal Power o 1 1.8 watts. : '
- ' Contact arrangement : 4 Double pole, double -
’ ‘ ¥} throw contacts.
- Cont inuous Current - ;
Rating  + 4 Amps
. . * -~ f
4,13 MICROSWITCHES! '
, Microswitch industries, Honeywell, microswitch
- models BZ-2RD,BZ-2RW80-A2 were used. The specifications
are as follows: )
) BZ-2RD: '
- - == e '
Cet General purpose. Momentary coq&:ct action.
l Compect over-travel plunger.
| . Ratings: % Amps, 120 V DC;
. . A _15Amps, 125 Volts a.c.

3 ' " BZ-2RWB@mA2: ‘ ‘ . .

Rigid- lever. General purpose. Momentary contact

E . action.




Ratings: 4 Amp, 120 V DC hd

oSy

15 Amp, 125 V. a.c. )

1

N

An automatic vecuum pumping system was bullt '

rrom the major eomOOnents described in thils chapter.

x

T v e
L e N IR 1 G

b

Leaks 1n the vacuum system were eliminated. The

ey

K

system was tested for the automatic operation. In the

next chapter, the experience with the automatic system

will be described. . A \\\\\\\\

.Y N
{
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- CHAPTER V
\»\ . .
EXPERIENCE WITH THE AUTOMATIC SYSTXM

The experience with the automatic system-is r

described below: -

‘.

5.1 TO DELAY THE OPENING OF THE BACKING VALVE:

> )
The reason to delay the opening of the backing

¢ valve with respeét to thegrotary pump starting was
mentioned in éection 3.6 .+ In order to achieve thlg.“
delgy,'a built-in rectlfigr in the backing vaive was -
discqnnected and a bridge rectifier and thermlstors
were cgnnectedfin series with the backlng;gglve.

» When the supply was on, only about 70 voits d.c. was

applied across the valve so that 1t remained closed
initially. Agalnst no pressure dlfferential across

—the valve, the valve opened at about 80 volts d.c. in

about 8 seconds, Against atmospheric pressure differén- *

tial, which is normally the case,the valve opened at

1

4 ,
about 110 V d.c. after about 38 seconds.,

_ U

5.2 TO DELAY THE OPENING OF THE HOUGHANG VALVE:

\\ R The importance of opening the roughing valve only
-~

" after closing the'backing valve was discussed in

e N NS 3 a7 IV I T L 4




Section 3. 8.

"In actual experience, lt was found that as soon

- a8 the supply was|;w1tched on to the roughing valve .
through the thérgistofs, the voltage supplied to the
valve was enough to 1ift the piston ffom its seat and,
thereforé, there was a pressure link betyeeg the

~ roughingjand the backing lines for a short tiﬁe. which

caused the pressure in the backlng line to rise to

;almost atmospheric pressure.

r ' .
Therefore, in order to establish the opening and

the closin% times of =z half-an-inch magnetic roughing
valve sgainst the input voltage, the following experi-

ment was donet

.

5.3 EXPERIMENT TO FIND OPENING AND CLOSING TIMES AGAINST

APPL1ED VOLTAGE FOR A % INCH MAGNETIC VALVE:

3 +

5:3.1 AlIMs

To find out the time taken for the piston %o ,
' « a) open fully from the time the 1npyt voltage
' is o, ’
b) 1ift 'from its seat(ovening action) from the

time the input voltage is applied.



c) closg from the time the lnput voltage 1s

v _offy, and -

’ . -d4) close from the time the d.c input volfage.
“._ 1s switched off. ' L

™~ .

o o

Y 5
. ~ P
5.3.2 EXPERIMENTAL CONDITIONS: . oot

. ° {

a) The valve was held vertically and ——
h b)

The valve was tested with atmospheric press-

ures at both sides so that there was no

pressure differentiasl across the valve.

-

.

N . i

’5;3,3 EQUIPMENT USED:

/ .

a) A % inch magnetic isolation valve, ‘Model
g ) 'D2120. 1Input voltage range 220-240V AC,
S . 60 Hz. -

b) A variacto vary the input voltale to the’
: - P

4

valve.

¢) One external heavy duty microswitch to ;

"indicate the movement of the piston at

_ the bottom. - s o )
¢ ‘ - d) A screw, 2% inches long, fixed at tﬁehbbttom

"of the piéton to indicate tﬁe piston ;Lvements. g

e) ‘A cathode ray oscilloscope to meashre the‘

. ' time intervals.

-




M

/ . : )
f)’.An a.c voltmeter to measure the a.c. input
/ A i N o
/ voltage to the valve. . -

/ 4 s
/ g) A 3 volt battery, and .

v “

h)v A dduble pole end a wafer switqﬁ§§,te/’///$ -

//

/Q o connect or disconnect the input voltage and

e

s

e

Z/wﬂazwf”gﬁﬁgfa volt battery voltage:
- v ' L, . ‘
5.3.4 EXPERIMENTAI SET-UP: ' ‘ »

v

Fig. 5. shows the experlmental‘SEt up.
-

&

a) One external microswitch,MSl, was placed at
. , . , x

' R
the bottom of the piston, This microswitch

indicated the fully closed position of the

piston and also the act of opening.

- <

A microswltch, MS2, bullt-in the valve,
indicated the fully open position of the

S
P

plston.
By means of a double-pole switch, the supply
and the trigger ﬁere on at the’same time,

A wafer switch wWwas used to switch off the

el SR 7 A g s

{x
d.c. input yg}tage to the valvg and also

ot Wy

to connect the battery voltage at the

same time.

-
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&

- double pole_____—_—————

switch

¥

variac 7

3

MS1 or MS2

v Plunggggggegiston).

e

.
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D
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FIG. 5
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AC

voltmeter

i .
S~ks2 Trigger
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o ‘ 5¢3.5 INTERPRETATION OF THE RESULTS:

i - .
i, -

Hesults were "'plotted 1n a 'graph as shown. -

From these results, the following findings are made:

\
\ 3

a) qﬂk time taken for the plsto% to fully open

Yals

T R,

L 7
P

O, T

A decreases as the fleld increases, which 1s

logical to expect, The time taken tq fully

. opl‘,can be divided basically into two parts: ”

1) time for the piskton to 1ift from the seat

(1e., the magnetic field to overcome the
intertia of the piston) and 2) time {ér the

;

piston to travel between the l1ifted p ositiﬂé

’

and the fully open position (1e,, the fleld

to overcome malinly the cqnséhnt of the spring)

b) The time taken for the valve-to 1ift also

degreaées as the voltage increases fe., the

piston travels faster as the vBltage-cuqrent,
' =

Y

in fact, increases.

v

‘c) The piston begins to 1lift from the seat'atq

about 140 volt =a.c. -

d) The piston cen be stopped ip the middle of >

s travel at a suitably low voltage.

e) The piston closes faster than it opens because

the .spring pushes it away. ™~N

r

v . ,\( '{’N >
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f) The piston closef even taster whén the
® f;ﬁT€;>is switched ;??'because the field
digg away almost instantaneously, and

g) The piston will remain open-uptil tﬁ,

voltage is down to 110 V a.c.

5.4 TESTING THE SEQUENCES OF OPERATION:
(

3

»

S.4.1 STARTING OPERATION:

a) The rotary pump was switched on. i

A b) The water and the isolation valves .opened,.

13

¢) The air admittance valve closed.
d) The B5 Pirani gauge switched on.

e) The backing valve opened after eight seconds

Y

#- _ at 85 V d.c. with no pressure differential

acrose the backidg valve.

[

The VS9B1l switch closed after one minute

and/ 20 seéonds when the backing pressure. °
T2

was about. 0.12 torr. .

The diffusion pump heater switched ON.
The backing velve closed. ¢ ’
.The roughing valve opened with about 30
seconds delay. ‘ P ’ .
The VS9R1 switqh opened afte:wﬁhree mlnutés

and twenty seconds when the chamber vacuum

!




s

k)
1)

was about 0.08 torr.’
The roughing valve closed. .

{
The backing valve opened with a delsy of

about twenty seconds at 110 V d.c.

5.,4,2 INTERMEDIATE OPERATION:

o

b)

c)
d)

o)

f)

The VS9Rl,clbsed when the vacuum in the
chamber was about O.S torr. It took about
5 minﬁtqs and 10 seconds to rise to this
pressure. : \

The backing valve clos;d.

Then, the roughing §alve opened.

The VS9R1 gﬁéhéd when the pressure in the
chamber was about 0.08 térr. It took about
6 minutes and 50 seconds (from the time the
rotary pump was switched on) to reach

this pressure. | |

The roughing valve closed., ‘ (

§ Yy
Then, the becking valve opened, The time

. iy )
delay in opening the backing valve was less

*

than four seconds at 110 V 4.8, This was,

perhaps, because the backing valve thermlé-

tors were still warm. »

™~
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5.4.3 WOKK COMPLETION: N

a) The slarm bell was tested suécessfully
' by attgmpfing'to open the high vacuum .
valve deliberately before the timer stoppeﬁ.

The bell rang to warn the operator about~the

\ untimely attempt to opén the valve. ,
b) The timer switched off after about eight ’
minutes. . .
¢) The "Ready" light came on. X -
‘ d) The high vacuum valve was opened without
any alarm signai\[. / ' o
e) . Then, the high vacuum valve was closed.® . .
' .\ <
{ . ;
5.b.4  COOL-DOWN AND SHUT-DOWN OPERATIONS: ’

When the cool-down switch was pres%ed*

a) The timer started. - =
b)  The warning light came on.
&) The diffusion pump heater switched off.
d) After about twenty two minutes, the rotary
pump stggged. ' "
e) .The backing and the wWater valves biosed.
r) The isolation valve closed and the air 4

a@mlttance valve opened with a delay of '

0




-

t » N
about 5.seconds to admit alr into the

.

r@%ary,pump slde, ", ‘ '
’ AN
"4 &) All the indicator lights worked corrﬁctly

dﬁring the whole operation.

-\\

The whole test was repeated twice. The s@uences

of operation and the timings agreed with one another.

{amy.




CHAPTER V1

. ‘ CONCLUSION .~ . . _« - .3

¢ ,
. e N .
¥ N . i
- . "" . * ) . 3 i
. .
L N 4
. . ‘ )
. . .
\
: . » : ~\ - ’
) R " . . . i
. . ‘ '
- 4
- . "
[ ' B :
- , )
v A
: _ 4

B S35 2he S of w‘e‘w




o ﬁ%‘%«{%’\i’f‘”v“ AN
— : o 138
' CHAPTER V'I ?

CONCLUSION —_———

L
@ E - -

4 . An jautomatic vacuum pumping*system was designéd,
built and tested. Problem dué® to vacuum leaks was
eliminated. The results of the tests agreed }vith the

design and were repeatable. The automatic system was
“ 1
found -to have trouble-free performance, required very

.

\ 1ittle attention during operation and was superior

in performance to a similar menial system.,
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