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GENERAL INFORMATION



HISTORY

The Turbo-Molecular Pump, alfhough relatively new as . a
useful tool for research and produ¢tion, has a history of
several decades., The first design of a mechanical device
capable of pumping in the high vacuum range 1s generally
‘attributed to Gasde, because of his “molecular drag" pump
of 1913, This pump "dragged" molecules from the inlet to
the oﬁtlot of the pump by imparting a velocity to the
molecules, due to frictional: contact with a rapidly sbin-
ning cylindricsal rotor. ‘

By constﬁucting ridges on the cylindrical rotor of
va_molecular drag pumb which spiralled from the center
‘ toward each end, Holweck inoreased the drag path. _ AV
disc with radial spirals was developed by Siegbahn.
The pumps of Gaede, Holweck and Siegbahn were of neées-
sity bullt with clearances which were so close &s to
cause damage if exposed to sudden pressure bursts,

A major design improvement was made in 1958 by
_ Becker of Arthur Pfeiffer in Wetzlar, Germanye This
design incorpo"ates a series of inclined rotor and stator
discs, or rings of bilades, similar to a turbo-compressore
Due to the high rotational speed of these blades,vmole-
cules are given a directional veloclty upon impact with
" the inclined surfeces of the blades. This is the design
used in the Welch Scientifilc Comp&ny’h current Turbo-
Molecular Pumps. It allows the use of clearances ten

times as large as previously.gossible; The standard

-
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Pfeiffer pump and the first weléh pump were vefy similer
in design, and both had a pumping speed of 140 liters/
second, Ihprovéments in the blade dgsign,by Welch in-v
creased the pumping speed to 260 1/sec in the present
models, without sacrificing the»pﬁmp's 1mmuhitY*to

sudden gas bursts,

e
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PRINCIPLES OF OPERATION

ﬁefer to Figure 1 for illustration. The turbo-
molecular pump and 1ts attached vacuum system, if any,
are rough pumped to the low torr range by & forepump
which must be connected to the OUTLET. The turbo-molec=
ular pump»ié then started and within & few minutes the
rotor, with attached blades, (see A) 1s roteting at
16,000 RPM. Molecules of air, water vapor, or other
gases enter the pump at the INLET, which is the high
vacuum gide of the pump. These molecules collide WLth

all the interior surfaces of the INLET portion of the

pump, and some of them are accelerated axially'toward

the ends of the pump when the first disc of rotof blades
strikes them. The molecules are then guided;in a favor-
able direction by 1mpinging upon the first disc of sta~-
tionary stator blades, which are oriented in such‘é
fashion as to increase the probability of ﬁoledules
being—struck by the second disc of rotor blades. This
process is repeated through nineteen stages on each end
of the pump, resulting in what is commoply referred to
as a'compression preésuré ratioc. Thie'éction depends on
the relative motion of blades and molecules, The faster
the blades movejin comparisen to the speed of the freé
mo}ecules, the_greatér ﬁhe compressiqn retio of the pump
becomes, Thus heavy moleculés, such as oill veapor, have
oompréssion ratios several orderélof magnitude higher

than gases such as nitrogen .or hydrogen,
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The compression of gases toward the ends of the pump

result in a forepressure which extends into the foreline

‘at B and 18 pumped by the forepump connected to the OUTLET.

The refrigerant- or water-cooled, high speed ball bearings
which support the rotor are located at each end of the pump,
at C. The oil used to lubricate the bearings 18 thus in

the forepressure. This 0i1 is more volatile than ‘normal
vacuum pump oil, and any spattering which might accidentglly
cause oll to reach the blades cannot migrate any signifi-
cant distance toward the high vacuum area at the center of
the pump before it is vaporized ahd pumped back to thc“
foreline. .

Since the turbo-molecular pump operates on & definité
compression rétio principle, the forepump (frequbhtly
referred to as a backing pump) becomes important. 2@5
blank-off pressure rating of the ﬁﬁfbo-molecqlar pump is
based on & forepressure of 1 X 1074 torr (McLeod), which

is readily gttained by Welch Duo-Seal two-stage vane

type mechanical pumps.
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GENERAL CHARACTERISTICS
Some of the important characteristics of the turbo-molecular
pump ;re discussed in the following paragraphé.to enable the

operator to use the pump to its best advantage.

The Turbo-Molecular Pump: _ «
| is free of hydrocarbon contamination during operation..
There 1s no backstreaming of oll vapors, and there-
fore no need for liquid nitrogen traps. Hydrcarbons
méy be pumped through the pump indefinitely without

damage.

can pump noble gases as easlly as the common gases.,
Leak detection poses no problem regardless of the

PR ‘tracer gas used.

'does not store or re-eject previously pumped gases.
- 'Any ge&s pumped by the pump 1is completely removed by

the forepump.

can'pump indefinitolj at any presshre withoqt aamage.

Even under the extremely unusual condition of operating‘\
- at atﬁospheric’preésure the worst'thgt cduld happen

is that the drive motor'would becoﬁe o#erheated and a

thermal overload would trip.

has immediate recovery. If the pump should be subjected
. to pressure in the upper limit of molecular flow for
1';».5 ' hours or days, as when a gas is bled through a system,

t the pdhp will recover immediately upon closure of the
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bleed. Of course, water wvapor or cprrosi%é gases will
require bake-out to remove completely, as in any vacuum..

-

gsystem,

has a réliable pumping action. As long as the rotor is

spinning, the pump 1is pumping.

is 1nsansit1;e to sudden sir inrush. Accidental venting
- or implosion of system components does not cause pump
damage unless debris is allowed to fall directly iInto
the rotor blades. A screen is provided to prevént such
occurance. A bur&thof gas cannot harm the pump, even

sudden venting from ultimate blank-off_to atmosphere.

has easily attained starting pressures. There is no
delay from the time the forepump nears 1tsxu1ttmate
until the time the turbo-molecular pump begins pumping
efficiently. Iﬁ fact, the effective pumping rangés<of
the two pumps overlap, and the sudden drop in pressure

from the millitorr (micron) range is impressive.

need not be bypassed by roughing lines, It is so
siﬁple to cycle that roughlng can be done directly

thru the pump by the forepump.

does not decompose pumped gases. Whatever goes in,

must come oube ' - .
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APPLICATION

Descriﬁtion of Models:

The 3¥b2A is a complete pumpiné sét. It includes
the 3102 fﬁrbo-Moleculgr Pump, a Welch 1397 Duo-Seal
forepump, a closed rqfrigeration system, & pre-wired
control panel, and a forellne manifoid containing a
foreline valve and a leak detection valve with cou-

pling, all mounted on a_éturdy frameworke..

3102B~
The 3102B Turbo-Molecular Pump is shipped on an

"H" beam base and includes a foreline trap with a leak

detection valve with coupling.

3102C-
vThe 3102C Turbo-Molecular Pump is the same basic

pump as the 3102B, but the foreline terminates at a

choice of two vacuum hose connections (both supplied).

A choice éf.tﬁree modeis is offered to accomodate
81l possible apblicationel} The 3102A model is com - '
plete gnd ready to receive a vacuum chamber or to use
in conjunbtion with other pumping systems. Turbo-
Moleculér pumps have, for examplé, been ﬁsed with
both ion pumps ahd“gublimation pumps with excellent
results. The inherent durability and cleanliness of

the turbo-molecular pump qualify it as an ideal
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component in large systems Qhere backstreaming ts to
be avoided. For example, a turbo-molecular pump which
‘evacuates a chamber in conjunction with aﬁ iqn pump
can increase the useful 1life of the ilon pump by a
thousand- -fold if it pumps the cﬁémber to 103 torr
lower than the pressure at which the fon pump is
usually started. The 3102A 1s & very convenlent pump-
get upon which to bulld space simulation chambers,
surface physics apparatus, mass spectrometry systems;'
and any application where élean}iness is opraramount
importance. |
The 3102B & C turbo-molecular bumps have essen-
tially the same chafacteristics. but are not built
into a complete self-sufficlent set. These models
are for use in applications where spaceiis'of priméry
concern, or where existing facilities eliminate the -
‘ need for a refrigerator, forepump, control panel, etc;
'~ They are readily adapted fo custon a?plications and’

are easily incorporsted into complex apparatus.

Selection of Fore Pump

In order to obtain maximum usefullness from &
turbo-molecular pump, it is essential to use an adequate‘
forepump. However; from the standpoint of economy, it 1s
waateful to over-design g system., The following infor-
‘mation 1s included to serve asja guide in selecting a
proper forepunmp for the 3102B or 31020 model.

The Turbo-Molecular Pump begins pumping efficiently
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when the inlet pressure has reached the mid-millitorr
gmicron) region. The time required to reéch this
pressure is, of courss, dependent'on thé‘forepumpe
Also, because of the finlts compression ratio developed
by the Turbo-Molecular Pump (see Prigciples of Operation),
the ultimste vacuum reached is dependent on the ultimate
fore vacuum, Fig. 2 shows the evacuation times required
for several Welch Duo-3eal pumps to reach 200 millitorr,
when pumping various‘chambers, which 1s the highest
forepressure at'which the Turbo—Molecular pump can
operate at full pumping speed. It can be seen that
whereas a Welch 1397 pump will evacuate an 18" x 36"
bell jar to 200 milliﬁorr in approximately 2.5 minutes,
& Welch 110G pump will require approximately 50 minutes.
However, with a 6" x 9" bell jar the saving in time
with different forepumps is not nearly as significant.

A different t&pe of plot, shbwing pumping sbeed
in liters per second versus inlet pressure in torr) is

shown in Fig. 3 for a Turbo-Molecular Pump using various
forepump combinations., For the }egion frdm IO’u to |
10'8 torr, the pumping speeds are quite similar. In
the 10-9 torr region, the typs of forepump used is

seen to affect the ultimate vacuum, In the 1073 torr
region to atmosphere, the forepump is very 1mportantv
It is in thls region that much time 1is ffequently
wasted, It can readily be seeh that the Welch 1397'

gives the best performance over the entire operating

-
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range, but if the vacuum chamber is_small and only
minimal outgassing loads are anticipated, a small Welch
.luOO could serve equally well as a forepump with only

a small loss of time during roughing to 200 millitorr,

and a slight decrease in ultimate vacuum.

Vacuum Techniques:

Because of the rapidly increasing frequency of
the use of vacuum apparatus in research and manufacw-
turing, personﬁel‘who are not intimately connected
with vacuum procedures are often called upon to quickly
become familiar with vacuum techniques. A brief; and
by no means complete, list of‘some of the standard .
vacuum practices is included to aild those unfamiliar
with this type of endeavor.

High vacuum systems are typified by pumping pas- .
sages as short as possible and of the same diameter as
the pﬁmp {nlet, to avold reduclng- the conductance of
the pumping paths. These systems aré usually constructed
of stainless steel and connections are sealed with metal
gaskets, A high vacuum system 1s usually capable of
withstanding a bakeout of LOO or 150° C. Small internal
crevices are stfictly avolded, because they act as
pockets for gases which are difficult to remove. It is
generally advisable to use solvents for cleaning which
do not contain corrosive_chemicals such as chlorine,

An accepted procedure 1s to clean with benzene and
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. rinse- with acetone, using eere, of course, beeeuse eoth
solvents are flammable; Smooth, polished 1£ternal sur-
faces are necessary to reduce the ectual oetgassipg area.
Valves, electrical feed-throughs,/and various fittings
are often responsible for coﬁsiderable outgassinguin an
otherwise ideal system, because of improper selection‘

of theseiitems. Anj hardwaré containing elaetomens
should be avoided if bossible.

Outgassing and pebmeatlon are usually responSible
for’limiting ultimafe-vacuums and deserve special con-
sideratien. Fig. 4 1s an qutgassing chart which cieariy
illustrates the»impoffance of this problem, It sﬁeﬁe
the outgassing rates of vafious materials as a funcﬁion
of the time they have been outgassing; The tw0‘horie" B
"zontal lines represent the eonetant‘permeébility of
neoprene, in order to 111ustrafe that permeability is

inherent in eiastomers over and abowe normal outgassing.

. There>are avallable many excellent books on vacuum
techniques which should be consultedbon.methods for
imbroving the efficliency of vacuum systems.

Gauges are important components in any ﬁecuum
system. It is generally recommended that high Vacuum“
gauges be inserted directly into the vacuum chamber
withoyt an envelope, that is, "nude" gauges should be °
used, Reeent de%elopments in gauges show much promise,
and hopefully many present-day problems will soon be

'resolved, Since forepressure 18 associated with ulti-
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mate pressure of a pump, 1t should Eé recognizgd_phat
some gauges used in fore lines can decompose oll vapoés
and introdﬁce hydrogen into the fore lihe. 'inéreasing
the partlal pressure of hydrogen in the fore 1line can
Increase the pa;tidl pressure of hydrogen 1h'the vacuum
chamber. |

The practice of back-filling a vecuum system with
an inert'gas or. a drf‘gas when it is necessary to vent,
pre#ents atmosphéric moisture from belng abspbbed or
adsorbed on the internal surfaces of the system. Water
vépor i1s probably thé most common ceuse of slow pump-
down. A good baké-out is the only‘qﬁ@ck me thod of
reﬁoving water vapor»once‘it;has been ihﬁroduced (see

section oﬁ bakeout). The prime requisite in high vacuum

s

work 1s ultra-cleanliness, .

- -
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. SPECIFICATIONS

Guananteéd'béaring 1ife

31024 31028 31020
Power connection 208-220V, 208-220V, 208-220V,
- 60 cycle, 60 cycle, 60 cycle,
3 phase 3 ‘phase 3 phase
Maximum»startiﬁg current 10 amps. 10 amps. 10 amps.
 Normal running current 2.0 amps 1.5 amps. 1.5 amps.
Range of operation- atm, to 1072 to 10-2 to
. : -10"7 torr - 1079 torr- 1079 torr
* Pumping Speed (air) - 260 1/sec. 260 l/sec. 260 1/sec.
Dimensions - see Fig.5 ' see Fig.b see Fig.7
Welght 80l 1bs 302 302
Coolant “self con- external external
: N tained supply . supply
. Lubricating oll 1377K turbo 1377K surbo 1377K turbo
Lo o molecular  molecular molecular
pump oil pump oil pump oil
and Duo- ST ) :
Seal pump
01l _
 ‘Extefnal'Connebticns  see Fig.5 seevFig,é see Fig;7"»
10,000 Hrs. 10,000 Hrs, 10,000 Hrs. -~
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INSTALLATION

-

Moving—

) . The Turbo Molecular Pump is drained of lubricating oil
é; before it 1is shipped, and should not be refilled until per-

j manently located. The pump should never be stood on end, even

| though drained., A filled pump may be moved a short distance

- without draining 1f it is not tipped more than So nor jarred
severely. In the case of the 31024, 1f the set is to be ‘
shipped outside the immediate building the hold- down bolts

f
1l
£ should be replaced in the fore pump base plate and tightened.
© (See Fig. 5). o o .

‘Mounting

J ¢ 31024 | * .
Turbo molecular pump oil should not be added nor should

S

the forepump hold- down bolts be removed until the pump set

'QiSvplaced in 1ta_permanent position, The 3102A should: be

o B s RE o S D i v

: dplaced“on-a solid, level floor. If necessary, plagg shims
“under the legs of the frame to eliﬁinate any pogsitle»wobble.
_The refrigerator condenser should not be obstrdctedrto the
_degree that it does not have free air circulation. The con-

trol panel door requires & lé"jradiue for opening. :The‘back

side of the pumo set (opposite the control panel) should not .

be permanently inaccessible. Since the pump set. is‘Sturdily

buglt, vacuum system components may beAsupported directly on

the~ﬁnlet flange unless they are quite'massive or off-center,

\
!
kY
);)

o e <7
(e
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3102B - 3102C

These pumps can bé placed on any flét:surface
without necessity of attaching them to the surface.
However, 1f the épparatus which 1is to censtitute the
vacuum system will displace the center 6f gravity so
aé.to cause the entire assémbiy to be unstabie, the
pump should be secured to the floor or table. In all
céses, the pump Bﬁquld be level and solidly supported.
There must be access to fill and dnéin ﬁﬁe lubri-

cating oll and to connect ﬁower and coolant lines.

Vibration Iscolation

In cases where even the slightest vibrafion would
disturb the processes being performed, 1t may become
neéessary to isolate %he turbo molecular pump from the

vacuum syétem.( For these applications, the Welch

- Scientific Company can supply a 6"'d6uble flanged,

stainless steel bellows which attaches directly to the

pump inlet. The upper flange 1s then supported dir-

' ectly from the floor on independent~supports. In this

manner, the turbo moleculsar pump is completely 1solated

;fﬁom the sjstém; In the case of either the 3102B or
the 3102C models, the weight of the pump 1is not suffi-

cient to prevent it from being 1lifted and collapsing

‘the- bellows, therefore they must be Screwed to the

- floor when using vibration isolation apparatus, .
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Wiring
3102A ,

Power requiremert is 220 velt, 60 cyclé,vé phase
sufficiéntly.fused,to accomodate a maximum starting
current of 10 emperes, The grounded, u-cOnductof

. power supply'cable,is brought into the control pénel
through an opening in the back of the panel, Connec-
tions are made at L1, L2, and L3 on the terminal strip

for power, and a ground connection is made at G.

'3102B - 3102C 4
| VPower requirement is 220 volt, 60 cycle, 3‘phase,.
sufficiently fused to accomodate .a maximum sfarting'
),~@ o current of 10 amperes. Power conﬁbctgoh 1s made at
fhe drive moﬁor. For purposes of safety, the.furbo- o -

molecular pump should be groundéd.

Coolant
31024
~ The 3102A 1s supplied with;a~se1f-contéined’ref
frigeration éystem which operaﬁés automatically. |

-

3102B - 3102¢ o ,
' The coolant connections are seen on the outline
drawing for each pump (Fig. 6 or Fig. 7). The dir-

ection of flow of the coolant is not important. Any

-

non-corrosive coolant may be used. During'normél

.

“;)' . _ voperétion a very small amount of coolant is required,




- 17 -
since it is only necessary to maintein the ends of the
turbo molecular pump at a +emperature slightly below

-

room temperature.
IMPORTANT

During periods when the pump is being
baked-out, heat transfer to the cool=
ent will increase, and unless the
coolant is controlled by a tempera-
ture seneitlve device, the coolant

flow rate must be incresased manually.

Where water 15 used as the coolant, the supply
should be reaeonably dependable. Where an already-
available refrigeration system is’used,_it is not only .
‘unnecessary to cool the ends of the pump below 50° F,
but it will also cause condensation during humid weaﬁher

~which will drip onto the floor.

Blank-0ff Test
If it is desired to test the Turbo Molecular Pump

‘fo'geurantee that 1t is functioning properly, a blank-
off test should be arranged before the‘pump 15'1nstalied
1n a vacuum system,. The shipping coier which 1e‘on the

) , pump inlet when received can be utilized for this purpose,
By boring a hole in the cover, and welding one half- of a

metal gasket sealing flange to the cover, an efficient

AN
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blank-off-plate is produced. To thls flange can be
attached an 1onizationvg;uge. A thermocouple gauge
(zeroedfishould be inserted in the foreline. Normal

startup and bakeout procedures can then be followed,
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STARTUP
Lubricating 01l
The turbo-molecular pump must noﬁ be operated
- Wwithout a flow of oll being direcééd to the high speed
ball bearings. The oil 1is pumped by a sc}ew-type pump
which is an integfal part of the transmission'drivo
shaft. The transmission housing acts as a reservoir
for the.oila The transparent oil cup immediately
above the. transmission supplies oil t5‘the rotating
seals of the drive shaft. (See "01i1l Fill" on Fig.5,
6, or 7, Outline Drawing);‘ ‘ | 4
‘To‘fill the transparent cup, 1ift the 1id and .
£111 the cup, being careful not to pour oil in the
small air-escape tube visible in the opening. Turbo-
molecular pump oil (catalog no. 1377K) should be used.
" If 1% has not been verified that the turbo- S
molecular pump transmissionvhas been compietely drained
~of oil (as in moving from one location to another), re~-
mbve‘the ned drain-plug-undér the trénsm;ssion and the
red tuBing elbow immediately behind-the plug (see out-

line drawing). The red elbow must be completely removed

for proper drainage; since it contains g ball check
valve, - Replace thé drain plug and e1lbow and gffer'
cleaniﬁg the area surrounding it, remove the red f£i11
plug on top of the transmission,‘ Using only very clean _‘
vesseis, pour 680cc of turbo-molacularrpump_oil 1ntq o

. the transmission and replace the plug. WNOTE: .It 18_
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1mportaﬁt to carefully cléan the area around the fill
plug before removing the plug, and to use ‘clean vessels,
Small metallic chips or dirt particles can shorten
bearing 1life draétically. Thé Welch Scientific Company
will not guarantee the pump unless turbo-molecular pump

o1l 1s used.
In the case of the 3102A, the fore pump is shipped

filled.

Coelant " .

With the 3102B or 3102C, it will be necegsary to
start the coolant flow when the bump is stérted..<With‘

the 31024, this is automatic.

Roughing and Starting

When rough pumping ‘the turbo-molecular pump,
or rough pumping a’system directly through the pump, -
édjust the roughing speed to allow at least a full
minute to reduce the pressure in the pump to the‘low,
‘hillimeterrrange. This can easily be done on the
13102A by using the small bypass valve on the foreline. .
The purpose of this 13 to avoid creating a pressure
.>‘d1fferentia1 between the pump housing and the trans-
mission housing, which might cause a sm&ll loss of |
‘jturbo—molecular pump oil into the foreline. ' “‘~2; T
On the 3102A, the forepump and refrigerator bdth' } -
are‘started when the switch in the center of the

control pansl 18 turned_ to START. On other systems,
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where the 3102B or'3102dlis used, other means of
opefation ;111 be used, |
| Close foreline valves,
Start foreﬁump.

Slowly open foreline (or bypass) valve.

When forepressure reaches approximately 10 or
20 millimeters, (7hcm of vacuum on the forellne dial
gauge of the 3102A) turn the turbo-molecular pump on
and fully open foreline'valves. Before the turbo~
molecglar pump'rqtor reachés full speed, the balls
in the oil flow indicators on the side of the trans-
m18316n will rise (see outline drawing). This in-
dicétes that oil is being pumped to thé high speed
bearingg. The pump should reach full speed in two or
three minutes. The drive motor will generatg'a con=-
~ siderable amount of heet during startup, and is no
cause for alarm, If thg‘pﬁmp 18 to be shut down and
started again immediately afterward, it should firsﬁ~.
be allowed to operate at least 6 or 7 minutes.at fuil
speed before shutting down to allow the m0t§r~suffi—‘

clent cooling time,

Bake-0Out
In order to attain the ultra-high vacuum of which

the turbo-molecular pump is capable, it will be néces-'
sary to degas the pump by baking at no more ‘than 150° c,’  .

This can be accomplished with any.heaters”available, or
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heaters designed for this purpose can be Qrdered from
the Welch Scientific Company. On the back of the con-
trol panel of the 3102A.are 220V outlets to(accomoaate
heater plugs. These outlets are controlled by & switch
inside the control panel door. . |

It 1s only,neﬁessary to bake the pump inlet and
the center 6f‘the pump ihmediately below the inlet,
since the endé of the pump operate at fore pressure.
Unless the pump being baked is on the 3102A set or
has some other typeiof automatic cooling system, it
must be remembered to incréase coolant flow during
bakeout, otherwise damage may result.

If it 1is désired to reach the ultimate vacuum of
the pump, bakeout shou1d be~continued until the inlet
pressure (barring leaks) reaches approximately < or
3 x 10’8 toér. The occurance of leasks at metal-to-

metal seals during cool-down should be recoghized'as’

a possible source of;trouble.

SHUTDOWN - i
On all hodels, the foreline valve should bgwclosed,
and then the turbco-molecular pump should be turned off.
on the 31024, also turn off the switch in the center of .
thé control panel. This will stop the forepﬁmp and the

~ refrigerator. Allow the pump rotor to slow cdﬁsider-

ably before ven%ing the system. This wlll prevent

aerating ﬁhe'lubricating 0il which 1s being agitated

in the transmission while the rotor 1s turning.
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In applications where the coolant is not inter-
Jocked with the pump, turn off the coolant. This
will prevent condensation inside the pump 1f the

venting gas contains condensibles such as water vapor..

SAFETY PRECAUTIONS -

Aside from the usual care exerclised when-oper~
ating 220 volt equlpment, the only other precaution
necessary 1s to avold catching fingers or‘ciothing,

especially necktles, in the external drive belt.

CONTAMINATION
Symptoms
When the inlet pressure of the blanked-off.
turbo molecular pump remains-at approximately -
5x 1072 torr, and forsepressure, rotatiﬁg speed,

. and leak situation all appesr normal, then the
probability is that 1u0ricating oil has been 1ntro-
duced into the high vacuum area of the pump. This
pould be caused by tipping the pump, over-filling

with oi1l, or excessively rapid initial pumpdown..

Decontaminating'

To. decontaminate the pump, access must be pro-
vided to the inlet and t0<the outlet. On the 31024
and 3102B models, remove the plug in the outlet tap

' under the pump (see outline drawing) and close the




-2 -

foreline yalve. On the 3102C model, remove the vacuum
_hqse~from the outiet connection under the pumpe. Qrain
the 1ubr1cating,oi1 as described under "Startup".‘Place
a drein pan undef‘the pump outlet and remove the belt
‘guard and belt. If adequate veptilation and safety
conditions are‘presenf, use a fine jet of benzene to
wash down the inlet of the pump while rotating the
pump rotor by hand in the normal dri&e direction.
if an inlet screen 1s used, wash this also. ‘Use at
least a pint of benzene and rotate the,rotoé raplidly.
Repeat with acetone, and continue turning the rotor
untll after the sound of the Iiguld disappears. ir
: safeﬁy considerations.rqquire it, WelchﬂTurbo-Flush
:(catalog'no. 3101F) may be used for noﬁaflammability
and low toxicity, or trithoréethylene or carbon
_tetrachloriae may be used. Chlorinated solvents re-
 qu1re extra pumping time to remove a11 ‘traces of
chlorine from the pump.

' ,Reassemble the pump, rﬁgili ﬁitﬁ lubricating oll,
and start the forepump. NOTE: 1If an auxiliary mechen-
ical pump is available which can be used as a roughing
pump to remove the solvent vapors, this will avold the
'necessity of changing forepump oll two or three times.
~After the auxiliary roughing pump and the turbo=-

molecular pump have been in operation’ about 20 minutes,
the original forepump can be reconnected and - the re--

maining solvent vapors will be minute., The oil in
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‘ the'auxiliary roughing pump can ‘then be changed to
eliminate solvent contamination when time permits.
Onvthé’BiDZA dnd 3102B, the auxiliasry pump can be
connected to the foreline valved outlet tap. Slowly
open the foreline vaive, so that aﬁ least 6ne minute

is required‘to evacuate to the low torr range. Turn
onithe turbo-molecglar puﬁp whén the fore-pressure 18
»less.than 10 torr. After the turbo-molecular pump

has run for approximately 20 minutes, dréin the forepump
oil while the pump 1s operating, and refill with clean
oil, It will not damage Welch Duo-Seal pumps to changev

01l while operating. If time is available, the fore-

]

pump (or the suxillary roughing pump), if it 1s
Welch Duo-Seal pump with vehted exhaust, can be allowed
tb opergte ovqrnight with the~vented.éxhéust open fo
remove condensible vapors from the 611._ When the fore
pressure reaches a‘McLeod pressufe of 0,1 millitorr
(mlcrons) or a thermal gauge pressure of 15 millitorr,
‘the forépuﬁp 0il can be considerad sufficiently cieqn
.and no fﬁrther oil change necessary.

o

LEAK DETECTION

When leak checking a system pumped by a turbo-
molecular pump, the ieak detector should be connected
tq_the foreline of the pump. The ﬁurbo-molegplar pump
saptures the helium and compresses it 1ﬁto t@p,fprg-’

1line, where 1t can be quickly detected by the leak
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detector. (On the 3102C model, abvalved'tap must be
installed in the foreline). For highest sensitivity,
the foreline_vglvé should be ciosed. 'Except for |
large lesaks, the leak detectq;iis usually capable of
acting as a holding pump. A leak detector of a sen=-
sitivity of 10-10 cc/second or better is recommended

for systems to be pumped below 1 x 10"8 torr.

. EMERGENCY CONDITIONS

Power Fallure
In the event of an unexpected loss of electrical
powép;the normal procedure is to close the foreline
valve of the tnrboemolecular pump immediately. All Ve
mechanical pumps which are used as fore-pumps have a
‘specific leak-back rate which means that air will leak
through avstopped forepump into the v&acuum sjstem. |
Even though the path which oil molecules mnst’follow
through the turbo-molecular’pump is a Qery fdrtuouéionq,
éventuilly some oil vapor will find 1its way to tne
inlet: Ordinarily this can be pumped out as soon as
Vthe turbo-molecular pump is restarted. In applications
- where even a . minute amount of 011 vapor will cause
serious difficulty, it may be necessary to provide
safeguards against power failure when the pump 18 un-
attended? There are two effective methods of preventing
}-this problem. One is to install a solenoid-operated

vent valve upstream of the turbo-molecular pump which
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will open in the event of a power fallure and admit
a dry gas into the system at a pressure'between 10
torr and atmosphere. A second mgthodlis to installvv
‘ anvautomaQ1ca11y closing gate valve at the pump 1niet.
An 1mportant_fact to remember- is that onAthe 31024
pump set and probably on many custom-built systems,
-the pumps will féstért with the reétoraﬁion of power.,
In this case, if an automatic vent valve is used, it
should“élose égain when ?ower is restored. As will
be noted later in the section on the electrical
system of the 3102A, the turbo-molecular pump_ﬁotor
will overheat and cut off 1f pumping at high pressurps
for too long & time. A device which starts the pwmp
only.after the forepressure is low (10 torr) can bs
obtained from The Welch Scientific Company if power

. failures seem probable,

Implosions - Particles

It 1s necessary to avoid introducing any foreign
objects into the inlet of the turbo-molecular pump.

This could occur during & bell jar or window 1mploslon‘

- or aé‘a‘result of physical failufe of internal com- |
ponents in a system. When there 1s any'possibility bf: :
nuts;'boltg, wires, glass, or other objects falling |
directly into thevpump inlet during operation, the;
inlet screen which is shipped with each pump must be

”used; Fine particles such as carbon dust will not i

damage the pump.
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3102A SUB-SYSTEMS

Explanation of Wiring
Refer to Figure 8, When the STOP-START switch in

the center of the control box_door 13 turned to START,
contactors 1M and 3R are energized, supplylng power to
the forepump motor and refrigerator motor, respecti%ely.
When the system has been rough pumped, the TURBO switch
on the control box door is turned ON energlzing contactor
2R which powers the turbo-molecular pump drive motor.
When 2R 1s energized, the bakeout heater receptacles
on the ﬂack of the control box cah»be'powered by turning j
the HEATER switch inside the control box door to ON, thus = .
rénergizing contactor'lﬁ. Heaters will lose powef ir St R

»_eithar the TURBO swlitch or the main STOP-START switch is

turned off. . - : T
If a_power\ihterruption occurs;'all motora and heateérs ”
wiil”of .course stop;' Upon restorabion of- power, the _

If the

motors and heaters will. start simult : sly.

i B 2 G

'w;;wuhmkw“’sysﬁem*préssure ~has- risen- duping_shutdown a_f t“e systamlgif ¥?

volume is large, the alr friction on the  turbo molecula:~
pump rotor might cause -the overload protector to cut
out on the drive motor, This musé be manually reset

> when the motor cools ({sbout U5 minﬁtés). The forépumpf
and'pefrigerator.willkcontinue to opepatea and massive«
contamination of thé system willwbé-retarded by the
cold ends of the turbo-molecular pump until éuch time

as the pump can be restarted,
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Interlocking devices can be installed in the TURBO
or HEATER circuits by removing the jumper at ql'or'JZ
and installing the device at that point. An automatic
starting device is also avallable that will start the
turbo-molecular pump when the forepressure reaches a

pre-determined value (usually 10 torr).

Explanation of Refrigeration
The primary nurpose of the refrigerator system is
to maintain the end walls of the turbo—molecular pump
at a lower temperature than. the adjacent stator and
warm rotor blading. The thermal gradient thus estab-
lished assures that there will be no continuous con=
densation‘of oil films anywhere but on the internal
ends of the housing where they can drain away harm-
1essly. "A secondary purpose is to maintain a constant
kcool temperature under all conditions. |
The temperature of the turbo—moleCular pump ends g
is set by automatic control to 50° F, minimum. By
" restriction of the temperature to 500; condensation
of atmospheric water on the pump is avoided on all but
the most humid days. Such condensation does no im-
mediate harm; but in time 1tpw111'rust parts and make
puddles on the floor. | A
',Non—corrosive,'sediment free,“oool water from 50°

to 70° F, is & satisfactory as an alternatiVeito

-

the me@hani :ygerator system'proyidedg However, L

vexperienee has‘shown ua‘that satisfactory cooling
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water is seldom continuously available.

Should the mechanical refrigerator system fail,
the turbo-molecular pump can continue to run indef-
initely without harm to moving parts. The longer |
such operation 1s continued, particularly if the pﬁmp
1s stopped and started, the greater the pnobability
of oil vapor contamination becomes. However, if tho
pump is being heated, the heaters should be uurned off
immediately 1if the cooling is interrupted in order to

avold damagingly high temperatures in the bearings.

- Operation of Mechanical Refrigeration System' 7
_(Refer to Fig. 9) Liquid Freon 12 refrigerant‘at.Jj
about 1Sp péi collects in the bottom of the condensor .
(A} and flows through service valve (B), drier (C),
and strainor (D)s The 1liquid flow then diVidos
approximately equally through the capillary restric<.
tionsf(E and F), flowing thonce into evaporating
passages in the pump ends (G and H), wherein the’
pressure is sutomatically mointained by evaporatoro:
pressure reéulating valve (I} in suoh a woyvfhat
boiling occurs at & constant 50° F, The heat flow=
ing into ends (a and H) is normally 1nsufficient to
convert all the liquid refrigerant to gas except when.
turbo-molecular pump 1s being heated. The boiling .
liquid streams from ends (G and H) join and pass through
pressure regulating va1Ve {(I). Between valye (I) and ‘

service valve (J) to the “compressor (K) (not visible
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in Fig. 9), the pressure usually is such thot the
remaining llquid boils at lower than 32° F, Thus
frost forms on the tubes and valves. Only a small
ghount of 11qu§d remains in the stream passing into
the compressor. The hot, high pressure gas dis-
chargod from the compressor glves up 1ts latent heat

in condenser (A) and liquifies; thus completing the

cycle,

Refrigorator System Maintenance
Wipe the dust from the condonqer from time to
time so that air flow 1s,not blocked. Check refrig-
- erant charge anqually to maintain compressor inlet
pressure at 15 psig. If desired thls can be done by

& local refrigerator serviceman.

Rofrigerant leak chock, Refrigerant addition
The system has been checked for leaks by methodso‘

M%;ﬁfficiently sensitive %o“insure“opérution for a%~ieast
‘& year without refrigerant addition. Should serious
charge loss occur, the turbo—molecular pump- ends will
no longer feel cool and the top top condenser coils

on the refrigerator unit will not feel as warm osl
usual, The ususl frost downstream‘from tho_regu-
lating vaivo_disappears {(although low ﬁintor'homidity
may also'éauSe bemporafy froot disappearahcof. If :

tho le&k is slow, the simplest thing to do is add gaa

'while the system is running until the compressor in-
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let pressure returns to 15 psig. (Anyone familiar

with refrigerator systems will know how to do this
even without the following instructions)., Use a
reffigerator charging and testing gauge and hose set
‘(seo Fig. 10). Connect a Freén-lZ can to charging
connection (L) (Fig. 9) after purging the hose with
refrigerant. Remove valve cap (M) and turn valve stem
3 turns block-wise. Opén valve on refrigerant can

slowly {until can cools) to keep compressor inlet

pressure below 20 psig. Do not turn can upside downfﬁgg

Allow refrigerant gas to enter system until COmpgassofﬂ

inlet pressure is 20 psig. “1oqe can valve. Turn

valve stem uounter-ylockwise until valve closes tight.
. Remove hoses, wipse condensate water from fitting, re-
'place stem and connection caps quickly. -

A simple alcohol flasme type Freon 1eak detector,

available at small cost, is sufficiently sensitive to
'make possible leak reduction sufficient for ‘meny. months -
.iaf operatiOﬂ without refrigerant addition. A service-'r

man equipped with & good ‘portable electronic refrigeran%i

leak detector can extend tbis period Lo years.

A

Opening Refrigerant Sysfem

If the refrigerant system.must be opened, first
close off compressor- condenser g?it by turning stems of
1va1ves B and J clockwise to end of stroke. Release |

- : gystem refrigerant by removing caps L and 0.

¢
s
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;) ' T refrigerant can, then purge hoses, and valve can

N,
oy
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Drying, Evacuating, and Charging System
Refer to Fig. 9. After tubing is reconnected,
using new copper gaskets, and drier C, open regulator
I by turning the ad justing screw under Q all the way
‘counterclockwise. With system tubing joints .open gt
valvés J and B, pass dry nitrogen‘thrqugh system_fdr
- 1/2 hour to déhydratevwalls. Flush nitrogen out with
FPreon gas and quickly cohnect tubing to service valves
J and B. Release refrigerant 1n'compresSor unit by
" unscrewing caps L and O of valves J and B. Connect
chavginé and testing set to service véives at:L and
B  0-as shown in Figure 5. Connect set to forepump
ﬂtﬁ_;z_' . at T (Fig. 11) with 3/L" tube vacuum connéctdf. In-
| | stall 30" suction to 300 psi gauge at port S pf'
regulator I and open gauge ?alve at R. Cut rgfrig—"
. eratdr’ppwer by pﬁlling reffigerator plug from back
»_ofvcbntrol‘box. Set valving of charging and test set-
7 Tto permlt evacuation of refrigerator system at J and
"-E‘B simultsneously° Screw stems of J and B to mid-
’positione. Close forepump vaive_to turbo-molecuférj
~“pump and turn on forepump.;g‘ o
Evacuate sysfem to 29" vacué% through both
valves J and B, Do not pump to lower nressures or
eXcesgive,foaming-of compressor 011 may occur., Clpse

off forepump at bhérging*aﬁd test set. Conﬁéct

. int> system to pressurize for leak test._.Purgevrobm

-
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;wof Freon and- leam\test all joints with flame or better-
still, electronic halogen detector. When system is

-

tight, re~connect wiring and start compressor. Admit
refrigerant carefully until can cools so that com~
. pressor 1nlet pressure does not exceed 20 psi., After

k;can is cold, compressor inlet pressure will fall below

B

cnatmospheric pressure and then slowly rise. Stop charg-
‘wing when compressor inlet pressure rises to 15 psig.
Re-adjust regulator I to L6 psig (50° .; on Freon 12
“f“- ‘ scale), Leave gauges in place &and when turbo-moleoular
pomp is started re-check 15 psig chapge pressure and
»kué psig reguletor setting. Then valve J and B cah be
iglscrewed‘all the way counter clockwise and regulator |
n}”geuge port valve at S can be screwed closed ' Remove

; ecregulator gauge and. charging and test hoses, Biow'

"«iFreon out of openings of J. and B, cap, and leak test .
éat caps. Blow Freon out of gauge port S and valve port

Wia#RG Using sealev such as "Leak LOCk"y cap R and plug

o S Leak check at this cap and pluge
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