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This invéntiofi relatés to high vacuum pumips of ilie
Roots type, and is a contmuaﬁon—m -part of my co-
pendmo apphca‘tron Séridl No. 490,316, filed Febru.iry
34, 1955, fow abandoned. Mére particularly, this in-
verition provides an iniproved drivé for operating a Roots
plimp at high rétafional speeds.

Roots pumps (also known as Connersville blowars)
have béen in use for many years, and “are described in
techiical literatire such as “Industrial Cheraistry,” by
E. R. Riegel, Reinhold Publishing Corporation, pp.
696-7. In the fypical Roots pump a pair of parallel
and laterally spaced rotatable shafts are journalled
through shaft opénings in & casing which has an inlet
and an outlet. Separate impellers mounted on each
shzft mesh as the shufts are rotated and sweép fluid from
the inlet to fhé outlet. Such pumps have been used in
the past prxnmpally for moving relatively large volumés
of liquid or gas under atmosphéric or higher pressures
and &t moderate rotational speeds, say several hundred
revolutions per minute.

This ivention provides Roofs type vacnum pumps for
operation at rotational speeds much higher thar has
been the practice with converntional Roots type pumps,
and thereby provides miechanical vacuum pumps which
can handle large volumes of gas at pressures from about
50 mm. Hg to less than 10~4 mm. Hg. This vacuum
fange has béen handled in the past by combinations of
prior art mechanical vacuum pumps with vapor-operated
ejector or diffusion pumps. Thé prior art mechanical
punips aré efficient in the range from atmospheric down
to a few mm. Hg, and the vapor-operated pumps are
required ic éxtend the vacuum into the range from about
1 mni. Hg to less thah 104 mm. Hg.

The vacuum pumps-of this invéntion operate éfficiéntly
in the range beginning where the ¢fficiency of previous
mechanical pumps drop off, ie., a few mm. Hg, and
continue to operate efficiently well into the vacuum range
now handled effectively only by vapor-operated pumps.
Moteover, the pumbs of this invention operate without
using’ a pumping vapor, and thereby avoid the difficulty
of vapor back-diffusion which Is always present in sys-
tems #sifg vaper-operated pumps.

This, by using a suitable “backing” or fore-vacuuin
pumyp, in combindtion with one or moté purmps of this
invention, “dry” mechadical pumping systems are pro-
vided which handle large volumes of gas from atmos-
pheric préssure to less than 1074 mmii, Hg.  Such systéms
are parficularly suitableé for various industrial vacuum
plants, sich as vacuudy drying, métallurgy, and coating.

In the past, Roots pumps were constructed with the
smallest possible cléarances between their moving parts
to increase the efficiency of the pumps, the thought being
that excessive clearances would permit backflow of the
gas being pumped:  As a consequence of the close toler-
ances,- thHe prior art Roots pumps could be operated
only at-relatively low rotational speeds; which made them
unsuitable for high vacuum operation. The high vac-
uum pumps’ of this invention ¢gn opérate efficiently with
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relanve]y ‘large clearances, say .1 mm. or giéater, and
thus can bé operated at relaﬁvely High rotationsl speeds
withoitt tHi¢ dangér of jaraming. For example, in the
preferred émbodiment of the invention, the pumps are
ddapted fo be operated at séveral thousand revolations
pér minute. -Howéver, &ven with the reldtively Tatge

clearanices with the pumps of thi§ invént 1, stuch high
rotafional speed$ preseiit the problém of wbratlon‘:or
oscillation of the pump shafts and impellers, but this
difficilty is avoided in accordamce Wwith ‘this invention by
providing an 1mproved puinp diivé for thé high speed,
hwh vacuum Roots umps

spegds and at absolute pressures below 50 inim. - Hg. The
pump inclirdes 4 pump casing having an infef and an
outlet. A pair of rotatable shafts aré dlSDOoed within
the casnz, and a separate and bzﬂanced Roots type 1m—
peller is mounnted on éach shaft. The impe

adapted to mesh when the shafts are rotated dnd drive
gas from the casing inlet toward the outlet. An electric
motor armature s mmounted directly on one of ‘the shafts,
ard an eléctric motor staior is mounted adjacé'nt the
armaturé. Thus; at léast ofe of the shafts is ‘drivén by
an \,xecmc motor having its armatore rigidiy close-
coupled to the impeller on the shaft. “The symmetncal
airangement of the armature on the shaft permnits 2 Gni-
form and balanced torque to be &pplied to the shaft,
theréby perinitting the shaft 16 be tiriied at a high rate
cf speed without camsihg it to vibraté or oscdlate and
Without putting an excessive strain on the casing and shaft,
which would make aligniment aird vaculih tightness more
difficult to achieve and maintain. ‘

Préferably, the armaturé s surrotinded by a rhé’tof
housing which is either rigidly attached to, or is ‘an
integral unit with, the pump casing, and the stator is
rigidly attached to the motor housing interior. Also,
the motor housing is adaptéd to beé evactiated, so that
there is liitle or no pressure drop across the opening in
the casing through which the driven shaft passes With
such an arrangement, the miotor is not ¢ooléd in the usual
way by convection, and thetefore an internal cooling
systéin is provided for it.

The hlgh operational speed of the puiip of this inven-
tion requires accdrate synchfonizatior of fhe ‘two ifiis
pellers, and in one form of the invention, they are syn-
chronized by a pair of spur gears mounted- on ad]acent
ends of the shafts. However, for Iarge pumps, in which
the distance between the two shafs is relatively great,
each spur gear has a relatively large diameter and there-
foré a large rotational inertia. Preferably, the impellers
are synchronized by a train of small bevel gears which
can accommedate large pumps without a cortésponding
increase in rotational imertia. This permits the pumps
to be operated A"ﬁcientl‘y and at high speeds with rela-
tively small and inexpensive moftors.

For the large pumps of this invention, i.e., those which
have relatively long shafts, the possibility of oscillatiéns
and vibrations at high rotdtional speeds is increased.
For such pumps, either each shaft is driven by a separate
motor and the shafts are synch_‘romzed by relatively hght-
weight bevel gear trdinms, or oné or both of tHe shafts
are driven by a separate motor at each shaft end, using
bevel gear trains for synchrotization.

These and other aspeéts of the invention will be more
folly understéod from the followmg detailed descnptlon
taken in conjunction with the accompanymg drawings in
which:

Fig: 1 is a vertical section of one émbodiment of this
invention in which a smgle motor drives the pump;

Fig. 2 is 4 view taken on line’ 22 of Fig. 1;

Fig. 3 is an élevation partially broken away and pai-



tially in section of a pump of this invention with vertical
shafts and usmg‘a separate motor- for each shaft;

Fig. 4 is a view taken on line 4—4 of Fig. 3;

Fig. 5 is a view similar to Fig. 1 of a pump in which
the stator motor housmg is -enclosed by an additional
‘outer. housing, and heat is femoved from the stator by

-an external cooling ¢oil on the motor housmg,

Fig. 6 is a longitudinal sectional view of a motor im-
peller mountéd on a hollow shaft in which there is dis-
posed an electric motor for driving the impeller; 7

Fig. 7 is a sectional view taken on line 7—7 of Fig. 6;
and -

Fig. 8 is a longitudinal sectional elevation of a Roots
pump in -which a separate motor is provided at each
_ end of one of the shafts and separate synchronizing and
coupling means are provided at each end of the shafts.

‘Referring to Figs. 1 and 2, a horizontal drive shaft 12 is
_Journalled at opposite ends in separate roller bearings 14
motnted in respective openings 16 in end walls 18 of a
pump casiog 19 having an inlet 20 and an outlet 22, the

* inlets and outlets being at diametrically opposed points in
the central portion of the pump casing. The pump casing
is of oval cross section, and the inlet 1s somewhat larger
than the outlet.

The left end (as viewed in Fig. 1) of the dnve shaft
extends outwardly from the pump casing and is sur-
rounded by- a first vacuum tight housing 24 secured by a
flange 25 1o the left end wall of the pump casing. A
rotor 26 of an eleciric motor 27 is attached to the left
end of the pump drive shaft and is coaxially disposed
within a stator 28 of the motor. The motor is supplied
power through ‘electric leads (not shown) sealed through
the wall of the first housing. Cooling fins 29 and a cocl-
-ing jacket 30, which may be supplied cooling water- by
suitable - conduits (not shown), surround the first housing.
The first housing is adapted to be evacuated through a
conduit 31 which leads to a suitable vacuum system (not
shown).

A second vacuum ‘tight housing 32 is disposed over the
right hand end of the-pump casing. The second housing

is spaced from the right hand end of the pump casing and-

from the intermediate portion of the pump casing and is
sealed at its left hand end to the outermost portion of the
first housing flange which projects outwardly of the left
hand end of the pump casing.  The housing is also sealed
to ‘an outwardly extending boss 33, which surrounds the
pump casing outlet, and to an outwardly extending boss
34, which surrounds the casing inlet. The housing has an
outlet 35 and an inlet 36 which are -collinear with the
‘casing ‘outlet and .inlet, respectively. .Thus, there is a
space 37 between the intermediate portion-of the pump

casing and the second housing, and between the right hand -

. ends of the pump casing and second housing. A sump 38
is in the bottom of the right hand end of the second hous-
ing. A drive gear 39 is connected near the right hand end

 of the pump drive shaft which extends beyond the end of

the pump casing. - Gear 39 meshes with a-driven gear 40
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it then drains through a conduit 58 to return to the sump.
Each of the four shaft bearings are supplied lubricant
through -conduits 60, and géars 39 and 40 are supplied
lubricant through conduit 61.

Preferably, the lubricating oil has a low vapor pressure
to avoid adverse effects on the ultimate vacuum produced
by the pump.  Various organic oils used in condensation
vacuum pumps, for example, “Apiezon™ oil, are suitable.

Each shaft opening in the casing-end walls includes a
pair of annular grooves 62-located between the casing in-
terior_and the-adjacent roller bearing. Each groove re-
ceives the outer periphery of a respective disk or baffle 63
attached to the shafts. Thus, the grooves and baffles form
labyrinth seals to impede the diffusion of gas between the
pump casing interior and the spaces enclosed between
housings.

The space between the pump casing and the second
housing may be evacuated by providing a conduit 64 (see

' Fig. 2) which connects the space with the housing outlet,
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" the pump of Figs. 1 and 2 can be operated-at extremely
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which in turn is connected to a fore pump (not shown)
that maintains the pump outlet at: sub-atmosphenc pres-
sure.. The space between the pump casing and the second
housing may also be kept under sub-atmospheri¢ pres-
sure through a conduit 65 which -is adapted to be con-
nected to a suitable vacuum pump (not shown), or the
space may be connected to the inlet side of the pump
through a conduit 66. :

Both conduits 65 and 66 each have a valve 67 to per-
mit_their optional operation. .
As can be appreciated from the foregomg descnptlon,

high rotational speeds due to the absence of any sliding

_or.friction seals around the shafts.. The spaces within

the two housings are evacuated to sufficiently low pres-
sures, so that gas within them flows by diffusion rather
than by pressure differential. Thus, there is little flow of
gas through the shaft openings, and the flow of gas is fur-
ther reduced by the presence of the labyrinth seal ar-
rangement.

In the pump of Figs. 3 and 4, a paJr of vertical and lat-

_ erally spaced shafts 70 are ‘journalled at their respectlve
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upper and lower ends on roller bearings 71 supported in
the upper and lower end walls of upright pump casing 72,
the lower end of whlch rests on an-inwardly extending an-
nular flange 73 ‘of a base 74 which has an outwardly
extending flange 75 and an upwardly opemng concave
central portion. A bell jar type. housmg 76 is disposed
over the upper. portion of the pump casing and is secured
by bolts 77 and nuts 78.to flange 75 of -the base. The
housing has an inlet 89 at its upper end and an outlet 81
in-an-intermediate portion. The upper ends of the shafts

" project above the pump casing and are each provided

55

with a rotor 82 formed integrally on their upper ends.
Each rotor is coaxially dlsposed within a stator.83 to form
an electric motor 84 which is supplied power through suit-
able leads (not shown) sealed through the walls of a

. ‘motor housing 85 disposed over each of the motors_and

which is mounted on the right hand end of a second shaft

42 journalled at opposite ends.in bearings 43 located in
openings 44 of the pump casing end walls.

First and second Roots type impellers 46, 47 are, re-
_spectively, mounted on the first and second pump shafts.

60

sealed to ithe upper end of the pump casing. A separate
bevel gear 86 is attached to the lower end of each shaft
beneath the casing, and engages respective synchronizing

" gears 87 located at opposite ends of a rotatable horizontal

Each impeller has a pair of longitudinal bores 49 to re- -

duce the mass of the impellers, and thereby facilitate the
operation-of .the pump at high rotational speeds. -

A vertical lubricating pump 58 has its lower end -im-:

mersed in a pool of lubricant 51 in the sump. The pump
is driven by a first bevel gear 52 located on - the extreme

_ right hand end of the shaft 12 and meshing with a hori- -

zontal bevel zear 53 attached to the upper end of a verti-
cal lubricating pump drive shaft 54.. The lubricant both
lubricates and cools the vacuum pump, and is supplied
" through a conduit 56 to the interior of a bore 57 in the

“left hand end of drive shaft 12.- The fluid flows out con-

duit 56, and back out the left hand end of bore 57 where
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synchronizing shaft 88, supported in a bearing 89 at-
tached to the bottom of the pump casing. -

The pump casing has an inlet 90 which opens_ into the
space between the housing-and casing, and it has an outlet
91 which is sealed from the space between the housing

‘and pump casing and connected to the housing outlet by

a-conduit 92. A separate” Roots type impeller 93 is
mounted on each of the shafts.-
“Thus, with-the pump of Figs. 3 and 4, the shafts are

) dnven by separate motors at a uniform speed, which is

insured by the: synchronizing gears. - The pumped gas
enters-the inlet at the upper end of the housmg and passes
into- the pump through the pump casing inlet. The im-

pellers move the gas-to the pump outlet where it is dis-
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charged from the housing outlét through'conduit92. As
with the pump of Figs. 1 and 2, the shafts rotate freely in
the openings in the casing walls through which they pass.

The pump shown in Fig. 5 is similar to :the pump
shown in Figs. 1 and 2, except that the-pump of Fig. 5 has
an -outer -housing 100 which completely surrounds the
pump casing and a motor housing 192 rigidly attachéed to
the left hand end of the pump casing. All elements of
the pump of Fig. 5 which are not described in detndl and
which have no reference numbers are identical with cor-
responding elements of the pump-shown'in Figs. T and 2.

A cooling coil 104 is soldered to the exterior of the
cylindrical motor housing and cools the stator attached
to the motor housing interior by the circulation of
fluid from the lubricant pump, which supplies cooling
fluid through conduit 106. The cooling fluid returns
to the sump from the cooling coil through conduit 198.
Conduit 116 supplies cooling fluid to the bore in the
left hand end of the upper shaft through a conduit 112
in the left hand end of the motor housing. Fluid flows
out of the bore and returns to the pump sump through
conduit 114 in the lower portion of the left harnd end
of the motor housing and through the space between
the pump casing and the surrounding housing 199.

In Figs. 6 and 7, a Roots type impeller 1i6 is mount-
ed on a hollow and vertical (as viewed in Fig. 6) rotat-
able shaft 122. The impeller has a pair of longitudinal
bores 126 to reduce the impeller mass.

A stationary hollow shaft 118 extends coaxially through
the rotatable shaft and is supported at its upper end
{as viewed in Fig. 6) by a support 124 in an end wall
126 of a pump casing 128. The other end of the
shaft is in a support 136 which is spaced from the other
end casing waill 132,

The rotatable shaft is journalled at each end on the
stationary shaft by bearings 134 which are located just
inside each adjacent end wall of the pump casing.

An annular rotor 136 is rigidly attached to the inside
of the rotatable shaft and is coaxially disposed around
an annular stator 138 which is attached to the stationary
shaft and which is supplied three phase alternating cur-
rent through leads 149 sealed through the upver por-
tion of the hollow stationary shaft.

A synchronizing bevel gear 142 is attached to bearing
134 at the lower end of the rotatable shaft and is jour-
nalled on a bearing 144 in the pump casing end wall 132.

As shown in Fig. 7, the rotor or armature has sheet
laminations 46 and electromagnetic eddy current ribs
148. The sheet laminations of the rotors of the various
electric motors shown in the accompanying drawings are
similar to conventional laminations, except that they are
not impregnated with materials which liberate gas.

The structure shown in Figs. 6 and 7 has the ad-
vantage that the pump requires less space and operates
quietly and with a minimum amount of vibration or oscil-
lation due to the symmetrical construction of the mctor.
No uneven stresses are exerted on the pump housing or
rotatabe shaft, thus assuring the vacuum tightness of the
housing and smooth shaft operation. Such an arrange-
ment is particularly suited for large pumps with large
pumping capacity and power requirements.

The impeller of Figs. 6 and 7 may be coupled through
bevel gear 142 to drive another impeller, if the other im-
peller does not have any drive of its own, or the bevel

ear may be used merely as a synchronizing gear to
synchronize the rotation of the impeller shown in Figs.

6 and 7 with a second similarly constructed impeller.’

Referring to Fig. 8, a Roots type upper impeller 159
is mounted on an upper rotatable and horizontal shaft 152
journalled at each end in bearings 154 supported in end
walls 156 of a casing 158 of a Roots type pump 160. A
Roots type lower impeller 162 is mounted on a rotatable
shaft 1563 supported in the end walls as described for
the upper shaft. Each of the shafts project outwardly
from the end walls.
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A separate drivitg miotor 164 is provided for each end
of the upper shaft, and each motor is enclosed in a sep-
drate respective end ‘housing 166. An armature 168 of
each motor is rigidly attached to a respective end of .the
upper shaft, and is coaxially disposed within its respective
annular stator 170, which is rigidly attached to the interior

.of its respective end housing.

-A-separate-upper synchronizing bevel gear 17 is-mount-
ed -on the upper shaft just outboard of the shaft bear-
ings in-each end wall. Each upper synchronizing bear-
ing engages a separate second bevel gear 174 .mounted
on the upper-end of a vertical rotatable -shaft 176 jour-
nalled in an outwardly extending projection 178 on éach
respective end wall of the pump casing. A separate
third bevel gear 180 on the lower end of each vertical
shaft 176 meshes with a respective lower synchronizing
bevel gear at each end of the lower shaft.

Thus, with the arrangement of Fig. 8, the relatively
long upper shaft is driven by a separate motor at each
end, and the correspondingly long lower shaft is cou-
pled and synchronized with the upper shaft through syn-
chronizing gears at each end of the shafts. This ar-
rangement reduces vibration and oscillation of shafts and’
impellers of relatively large pumps when operated at high
rotational speeds. :

With the improved driving means of this invention,
Roots type pumps can be driven at high rotational speeds
to permit their operation as mechanical high vacuum
pumps, which operate without using a pumping vapor,
such as is required in diffusion and ejector type pumps.

I claim:

1. A mechanical vacuum pump of the Roots-type for
operation at absolute pressure below 50 mm. Hg, the
pump comprising a pump casing having an inlet and an
outlet, a pair of rotatable shafts disposed within the
casing, one of the rotatable shafts being hollow, a sep-
arate and balanced Root-type impeller mounted on each
shaft, the impellers being adapted to mesh when the
shafts are rotated to drive gas from the casing inlet to-
ward the outlet, an annular electric motor armature
mounted to the inner surface of the hollow shaft, a sta-
tionary shaft extending through the hollow shaft and
disposed concentrically therewith, one end of the sta-
tionary shaft being secured to the casing, and an electric
motor stator mounted on the stationary shaft and disposed
within the annular armature.

2. A mechanical vacuum pump of the Roots-type for
operation at absolute pressure below 350 mm. Hg, the
pump comprising a pump casing having an inlet and an
outlet, a pair of rotatable shafts disposed within the cas-
ing, one of the rotatable shafts being hollow, a separate
and balanced Roots-type impeller mounted on each
rotatable shaft, the impellers being adapted to mesh when
the shafts are rotated to drive gas from the casing inlet
toward the outlet, an annular electric motor armature
mounted to the inner surface of the hollow shaft, a sta-
tionary shaft disposed concentrically within the hellow
shaft, each end of the stationary shaft being disposed
outside of the hollow shaft, one end of the stationary
shaft being secured to the casing, an electric motor
stator mounted on the stationary shaft and disposed with-
in the armature and a gear train including a plurality of
gears connected to the rotatable shafts for synchronizing
the rotation of the impellers, one of the gears being se-
cured to the hollow shaft adjacent the other end of the
stationary shaft and having an axial opening therein
through which the stationary shaft extends.
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