Nov. 17,1953 4 R NILssON ETaL 2,659,239
- . INDEPENDENT SYNCHRONIZATION o

Filed Sept. 27, 1950 3 Sheets-Sheet 1 -

a8 N 0

! VR

. e
S W;ﬂt
Y o ALY SRR RR R \_

. Q* ‘.‘-“
SAS ST e ;15\“‘1\\111’

sre 6

SNANNNNNN 22|

A, \‘ -}{-_:‘_-r‘-‘%?"‘”. iw .
/7 . u'_:..._ = S EI \ S ..
4 A :.n._\. AT ' ;\Ex\xx‘\‘\._ ;K\“‘h\“!;! . ' |
% oty \ . ! y //I }}}f
Q V/ / Y/ 7 e < v -’
' E £ 1NN / I . / ‘fé |
. ' ":'EQ‘\K\ ;ﬁ;*’i &x\h‘“ﬁt | — \ }iﬂiﬁi‘ﬁ Ef"
'- /fg P R Ll
§ Ad/ N/ N2 . A =
‘ ;;m\w nﬁ\\\\\w; k\\\\
| e ...-..../ A\ - |

- / (< \?i%\\\m‘
2 ' _....__.;,,_‘__, Y/
Y W

2/

2 O : 2y ¢ ~'~“~*-m

1@ 1A

[N

Iar.-..---"' /

CFI6 ]

/S

. | | -II 1 N o : |
' M\ [y !
}290 Ny O\ | ”ll”II “[H‘”_ ' 3 6

5% lN' —H_/3

. — | . -

' /4 “mm AN = +—/2

/6 1 .. | Q “I“h | h:' ' | 7
s Vi) = o




2,659,239

S Sheets-Sheet 2

~ H. R. NILSSON ET AL
* INDEPENDENT SYNCHRONIZATION

Nov. 17, 1953
Filed Sept. 27, 1950

24

ey, "W VL . M A, &

oz
ANARNNNNY

_m

p N\

0\
NARRRR RN
N

T | S

N N e M A A T S AR, _.._I____,\\




Nov. 17, 1953 H. R. NILSSON ETAL . 2,659,239

- INDEPENDENT SYNCHRONIZATION

Filed Sept. 27, 1950 3 Sheets-Sheet 3

54 55 56 45
52 A

59

A= |
\ | \’l’li MIJ#’
| TTT77 7 rmm-a /fl.ﬁ"?l// AN SSSSSSSCU ' Jh—
. ‘ .
18 -w 1 S\
, 9 ’ - l\\“. Wllllillﬁmtttxtxxixx : . ::::r;::fﬂ o rm "' RS :
- . A .i 3 ‘?xﬁ.}}%ﬁl bt | \“g\&‘& \\mul-r] ,_fi., 6 2
.r.-'.-".l'..l" N i,

\1“ aw k\

f 7 -.-r-rﬂr.rr

== | | ' | ” TS ‘}1‘}? \\\-
.l\\\‘h\\ﬂh‘h\‘;{h‘? . ) ' : : \?\\\u\\\.‘h\.‘h\.- ity ‘\ 6 o )
_/ ;"! .-"f :"'"" .-"'{ :"'f 'E“‘““““ \\\\\\:\_.\\\ / \ i "'~.. c
/ ﬂ \ \ ﬂﬂ”ﬂ”ﬂ.@: BRI gy _ \‘k\l\\\_\ N ///;
:lﬂ. "\ “-1.1\111%\ / : : _ : : "'h\‘\.‘h\hx\xil._ :
i.'_h&‘m L}' ‘\\\/ . . | . D o s N ‘,; d‘i

- I!.ﬂ_i
by

e L

S
b

] _ “‘.‘ "'
/5. X .ﬂ‘%“‘m‘:ﬁ{{{{’/ - Qﬁmﬁwﬁ 46
m . TV I II \\.1111:\.1 LSS — :.r.rr:::::‘-}\\.\\\‘ \‘\ -'IW ” ‘
\
| / ‘ | ‘ 4 )!
AT 22 4 oo, s . M\\\\\\WK\_\‘!
| ™\

‘?

4 8 5 7 bffffff/ |

 F6S5
67 80 77

79/ 92 &6 96 75

l———

82

93 ' | | _1-66

87 1 . _

89

90
8 7

69 - I 2R ~68

64
74

T o —4-70
87 ' 1] o - 65

8/ 78 90 94 95 76 72

FIG6.6 o ﬁfﬁ% ._
“ . // wm -



Patented Nov. 17, 1953

~ UNITED STATES PATE

2,659,239

2659239

NT”O FFICE

 INDEPENDENT SYNCHRONIZATION
Hans Robert "Nils""son; Stockholm, and Sven Ivar o
~ Trulsson, Enskede, Sweden, assignors, by mesne
vis C. Marbie, New York;

- N. Y., Leslie M. Merrill, Westfield, N, J., and
- Percy H, Batten, Racine, Wis., tr_us_tees- e

- Avplication September 27, 1950, Serial No, 186,946

~ . Claims priority, a.'p'plica_,titm Sweden -
- October 7,1949.. = =

- assignments, to Jar

1

The present invention relates to rotary devices

13 Claims. (CL 74—395)

" nized with each other.

~of the kind having a plurality of shafts carrying

cooperating rotor bodies and requiring synchro-

‘nized operation between the cooperating parts.

More particularly the invention relates to such

devices of the kind in which the rotor bodies are .

provided with helical lands and grooves which in-

termesh in cooperative relation to provide cham-
bers of variable volume used to compress or ex-
pand elastic fluid, and still more particularly the
invention relates to such devices in which the

outside the pitch circle of the rotor and a female
‘rotor the grooves of which lie substantiaily with-

in the pitch circle of the rotor. . .
- Devices of the kind under consideration may be
~constructed with rotors comprising a plurality
of aligned rotor bodies mounted to rotate about
the same axis, with the different rotor bodies in-.

termshing respectively with different aligned

‘Fig. 3 is a vertical section

of the compressor shown in Figs, 1 and 2 taken

‘on the center line of the compressor, o
- Fig. 4 is a diagrammaitic view of another ém-.

bodiment of the device used in
vided wtih three shafts, two
ranged on each shaft.

an. engine pro- -
Totors being ar-

- Fig. 5 is a longitudinal section of a further em-

10

15

. _ 1ces in which 1 - -each shaft.
pairs of intermeshing rotor bodies each comprise |
a male rotor the lands of which lie substantially - .

podiment of the device used in an engine provided
with two _shaf_ts,-. vhree rotors being arranged on

- Fig. 6 shows a modification of the device illus-
trated in Fig. 4, in ‘which another synchronizing

~device is used for synchronizing the rotors fixed
- On_the two lateral shafts. -

Fig, 7 shows an end eleyatiohal' _view'of t’hé -
apparatus of Fig. 1 with the cover plate removed

- and particularly showing the structure permit-

20

bodies of a cooperating rotor. Such construc-

tions, however, have presented. serious difficul-

ties from the sbandpoint of obtaining the required

Synchronized relationship of all of the intermesh-
Ing parts, and it is the general object of the pres-

ent invention to provide new and improved i'bj;g;f. | _
constructions of the kind under consideration.

which enable the various rotor bodies of multiple
roter devices comprising multiple bodied rotors
“to be readily adjusted in desired relation to each
- other. | | 3 S |

_To this end the invention contemplates the pro-

vision of rotors comprising shaft parts carrying
rotor bodies, some of which are in fixed relation

Yo the shaft parts and others of which are angu- -
larly adjustable relative to the shaft parts, com-

“bined with angularly adjustable synchronizing
" means connecting the shaft parts and. also. con-

into effect. .
- In the drawings:

Fig. 1 illustrates in horizontal section an em- 50
bodiment of the device applied to a compressor. -
Said figure shows in heavier lines those cooperat- -

ing rofors provided with helical lands and grooves:-

26

- 18,.whereas the rotor § is adjustable in different
-angular positions on the shaft 3. To the end.

of a gear.

- 'slots 15’ in the gear 5,

which are first to be synchronized with each

other, while Fig. 2 shows in heavier lines those 55
_.conperating._rotor_s_which are then mbe- SynchI_‘Q"t g

- the housing of |
Ing partially double walls for cooling with a lig-

. » gaseous medium. In the two end
- Wwalls 2, 3 of the housing are arranged bearings

Y uid or with a

- of rotors 8, §

‘Wheel, the

the desired .

- hub 14 by means of stud bolts 16. As shown in
F1g. 7, the bolts i§ are slidably received in.arcuate .

| JEmi 9, thus: permitting relative .

-the shait nd- _ - adjustment between the gear 15 and the hub. 4.

- necting the adjustable rotor bodies, The manner . | |

40. To the end portion of the other shaft 13 is; by:

~in which the invention may advantageously be
~ carried into effect will best be understood from.

a consideration of the ensuing portion of this
specification, taken in conjunction with the ac- -
companying drawings, which discloses by way of

example but without limitation different embodi-
ments of apparatus for carrying the invention

35

45,

ting relative adjustment of the two synchronizing -

~ gears. - - .

In the embodiment of the éompres'sor'- illus-
trated in ®igs. 1, 2 and 3, numeral { designates
the compressor, said housing hav-

4, 5 and 6, 7 respectively, for carrying two sets

12 and the rotor 10 is likewise fixed on a shaft

bortion of the shaft (2 is fixed a hub {4 .
gear rim {5 of ‘Wwhich is adjustable in. -
angular position in relation to the-

‘means of a key: 17, fixed a. flange 19 -serving as - -
- & support hub for a second gear wheel 1§ rigidly

- connected- with the rotor 8, Said flange is ar-.
WIIEE SIc _ Whje;elﬁ-;'l,ﬁi,_;- R
by means of stud holts 28 by which it will be possi- ST

- ble to adjust the gear wheel 18 in different angu-"

lar positions with respect nd in’ '
-connection therewith the

ranged to be connected with: the gear

L8

to the

8,9 and 19, 11 respectively. Of these ro- - |
tors, those designated by 9, 11 are fixed on a shaft

- tolhne € angular position of the .
. Totor.8 with respect to said shaft 13, ‘With fur-- - -

ther re'_fereng_e.tofFig.i-?the bolts 20 are slidably - -~ .
_ -received'_in- arcuate slots 19’ in the flange 19, e
- this arrangement permitting relative adjustment -~ . -
“between the gear 18 and such f L
21 denotes a seal between the two sections of the =

ompressor.. - . oo LT e AT
- In the vertical section of the compressor shown = -

flange. Numeral -
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in Fig. 3, numeral | designates the housing of
the compressor, 2 and 3 the two end walls, 8§ and
10 the two rotors arranged in a.row, I8 the gear
wheel connected with the rotor 8, and (9 the
flange connected with the shaft (3. Numeral

22 designates the air inlet and 23 the air outlet -

in the one section of the compressor, while 24 and

25 denote the corresponding inlet. and outlet.in
the other section of the compressor.

In those 2-shaif compressors or motors in
which the one shaft carries rotors the lands of |

which are located substantially outside the piteh

4
53 carried by two bearings 8i, 92 in sald rotor
housing 45, is provided with three rotors 34, b,
56 couperatmg with the -rotors -48, 49, %0 ar-
ranged. on the flrst mentioned shaft, the inter-
mediate rotor 55 being fixed on the shaft 53,

‘while the other two rotors 54 and b6 are adjust-

able in different angular positions in relation to

 -the shaft 53. In this embodiment a synchroniz-

10

circle of said rotors (so-called male rotors) -and

the other shaft carries rotors the grooves of

which are located substantially inside thé pitch
circle of the respective rotor (so-called female .
rotors), the rotor or rotors adjustable in"dif--

ferent angular posztwns preferably being female

rotors.

 When synchronizing the rotors shown in Figs.
1, 2 and 3 the cooperating -rotors 8, 9 which are
arranged in that end portion of the housing -I
which faces the synchronizing gear (5 18, are

20

first set by adjusting the gear rim i5-on the gear

wheel hub {4 which is rigidly. connected - with the
one shaft {2 whereby . these rofors are syn-
chronized, the one rotor i1 of the second set of
rotors arranged on said shaft being-at the -same
time fixed in relation to the synchronization: ‘The

other rotor {0 of this set is then adjusted with 4

a predetermined clearance between the- lands
 of this rotor and the lands of the rotor {I co-
operating with the rotor 10; and: is: fixed in-this

25

ing device similar to-that described in connection
with' Flgs 1 and 2 is used for synchronizing the
rotor ‘sets. 43 54 and 49, 55, and therefore the

-cnrrespendmg feference numerzls have been

used in Fig.. b, In order to prevent leakage be-
tween the different sections seals 51, 58 are ar-
ranged hetween the different rotor sets. At the
opposite .end of the engine the rotor 56 turnably

‘arraheed on the shaft 53 is provided with a flange

60 formed on a hollow shaft 59 of said rotor, said
flange beéing lockable in different angular posi-
tions in relation to the shaft 33 by means of &
flange 62 fixed on-said shaft by means of a RKey
6t.

In the emhodiment illustrated in Fig. 6 are
arranged three-pargllel shafts 63, 64, 65, one end
portion- of each of which is Journalled in a rotor
housing 12 by means of bearings 66, 58 10. In
the opposite end of said: housmg are arranged
thiree béaririgs 67, 69; Tl carrying extension parts
of ‘said shafts. The intermediate shaft is pro-

vided with two-fixed rotors 13 14, while on each

of the other two shafts is fixed a fotor 15, 16 and
a-rotor 11, 18 turnably- agrranged in relatmn to

 the shafts 63 and 65, respectively.. On the one

position in relation to the synchronizing gear

by the flange i9 rigidly- connected with the end 3;

of the shaft 13. This can preferably be--ac-
complished with the aid of stud bolts 20 which
are inserted in arcuate slots in the flange 19 and
threadedly received in -the gear wheel 18 ar-
ranged on said shaft. By these two operations
the itwo rotor sets can thus. be synchronmed
quickly and very.accurately.
" In the embodiment illustrated diagrammatical-
ly in Fig. 4 two rotors 27, 28 are fixed on & shaft
26. On both sides of this shaft 26 are arranged
two.other shafts. 29,- 30 which: carry retors co«
operating with the rotors: on the intermediate

35

shaft 26. On each of these shafts is fixed & rotor

31 and 32 respectively, and a rofor 33 -and 34
respectively is turnably- mounted on each of ‘said
shafts. On the one end portion: of the- inter-

mediate shaft 26 is mounted 2 gear wheel 35 in

mesh with gear rims 36, 371. Said ‘gear' rims
are adjustable to different angular positions in

relation to wheels 40, 44 rigidly connected with
the rotors 33, 34 by means of the hollow shafts-
38, 39 .of said rotors, said. wheels 40; 41 being: 111‘.

- turn by means of flanges fixed on. the shafts-29, _
30, adapted to be locked:in dlﬂ’erent angular posi-
tions in relation to said shafts in-the sameman-

ner as described above in connection with Flg 1.

In this emhodiment each of the rotors 33, 34

is first synchronized with the- intermediate rotor--
- 27 by means of the gear rims 36. 37 mtermeshmg-

~ the gear wheel 35 and lockable in different angu-

lar positions in relation to the- gear wheels-40, 41, .
and then the rotors 31 and 32 are synchramzed

with the mtelmedla,te rotor 28 by locking in de-

sn'ed gngular positions the flanges 42, 43 fixed o

the shafts 29, 30 of sald rotm‘s W1th the gear
| wheels 40, 41.

In the embemment shown in Flg 5, numerali

50

60

65

70

44 denotes a shaft carried by two bearings 46, 4T

arranged in a rotor housing 45.

‘Three rotors
- 48 49 50 are ﬁxed on sald shaft Anather shaft 5

end pcrtmn of the intermediate shaft 64 there
is-fixed a gear -wheel 19 mtermeshmg with ad-
justable gear rims ‘84, 85 on: the gear wheels 82,
83 fixed -on the hollow shafts 30 81 of the rotors
71. 18 which are adjustable in different angular
posﬂnens in relation to the shafts 63, 65.. The
two rotors 17, 18 are synehronized mth the rotor
13 -fixed on the intermediate shaft 64 according
fo thesame prmmple agin the embodlment shown.
in Fig. 4, while the rotors 15, 16 are synchronized
with-the rotor 14 fixed on the 1ntermed1ate shaft

64 with the aid of a device dBSGI‘led hereinafter.

The other rotor 1T is turnably arranged on an
extension shaft 86 of the rotor 75. Into the end
portion of this elcmgatmn shaft is screwed a bolt
87, which at -its ‘outer end-is provided with a
square head for turhing the bolt with a key.
The outer end of the bolt 871 is also provided with
threads. On this bolt there is dlsplaceably
mounted a sleeve B8 which at its inner end is pro-

vided with extemal straight splmes 89 and with
55

helical splines 90, -the straight splines 89 engag-
ing carrespondmg ‘splines or grooves in a bore
g1 made in the turnable rotor 11, while the.
helical sphnes 90 engage carrespoadmg splines
or grooves in a bore 92 in the end portion of
the extension shaft 86. Numeral 93 denotes lock’
niits for the sleeve 88 relative to the hollow shaft:
80 andrelative to the bolt 81 respectwely When
the sleeve 88-is displaced on the bolt 87 in one
direction ot another, the rotor 17T will, with the
aid of the straaght aﬁd the helxcal splmes be
turned in either direction in relation to the rotor
15, whereaftér they are locked in- the desired
angular position in relation to each other by the
lock nuts 93 arranged on the sleeve and on the
holt 1*espect1vely After the rotor 75 has been
synchronized in relation -to the rotor 14, the other
rotor 16 can be synchronized: with this rotor 14
in 3 similar manner. Seals 94, 95, 96 are provided

between the rotor sets as in the ether embadi— |
ments
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By the above described arrangement of two
different types of splines for synchronizing, the
advantage obtained at the same time is that the

torque will be transmitted between the two co-

axXial rotors at a considerably shorter axial dis-
tance than by long power-transmitting shafts
extending through hollow shafts and for this
reason being weak, whereby the risk of incorrect
synchronizing arising in the latter case due to
distortion of the long weak shaft is eliminated.

Naturally, the invention is not limited to the
embodiments now described and disclosed for
synchronizing rotors mounted on different shafts,
but the same may be varied in a great many dif-
ferent ways within the scope of the invention.

Furthermore, this invention may also be used

with advantage for synchronizing rotors In
motors of the positive displacement type.

We claim:

1. A rotary device having at least two cooper-
ating rotors, each comprising a shaft part and
at least two rotor bodies carried by the shaft
part, each of said rotors including at least one
rotor body fixed relative to the shaft part of the
rotor, one of said rotors including a rotor body
angularly adjustable relative to the shaft part
of the rotor, synchronizing means connecting
said shaft parts to turn the rotors in timed rela-
tion to each other and adjustable means for
holding said adjustable rotor body in selected
ancular relation to the shaft part of the rotor of
which said adjustable rotor body comprises a
part.

2. A device as defined in claim 1 in which said
synchronizing means is angularly adjustable to

change the relation between the sheft parts con-

nected thereby.

3. A device as defined in claim 2 comprising
an integral rotor having rotor bodies fixed rela-
. tive to the shaft part of the rotor, and in which
said synchronizing means comprises a gear angu-
larly adjustable with respect to said integral
Iotor,

4. A device as defined in claim 3 in which said
angularly adjustable gear meshes with a gear
connected to the adjustable rotor body and co-
ocperating rotor.

5. A device as defined in claim 4 in Whmh an
angularly adjustable connection is provided be-
tween the gear connecting to said adjustable
rotor body and the shaft part of the rotor of
which said adjustable rotor body comprises a
part.

10

15

20

| +3

6. A device as defined in claim 5 in which said
integral rotor comprises two rotor bodies and
the cooperating rotor comprises one rotor body
fixed relative to the shaft part of the rotor and
one rotor body angularly adjustable relative to
the shaft part of the rotor.

7. A device as defined in claim 5 in which the
integral rotor comprises three rotor bodies and
the cooperating rotor comprises one rotor body
fixed relative to the shaft part of the rotor and
two rotor bodies independently adjustable angu-
larly with respect to the shaft part of the rotor.

8. A device as defined in claim 2 comprising an
integral rotor having rotor bodies fixed relative
to the shaft part ¢f the rotor, and in which said
synchronizing means comprises a gear angularly
ﬁ*«‘:ed relative to said integral rotor.

. A device as defined in claim 8 in which S&ld
gear meshes with a gear connected in angularly
adjustable relation to the adjustable rotor body

- of the cooperating rotor.

28

18. A device as defined in claim 9 1n which the
shaft part of said cooperating rotor is connected
in angularly adjustable relatmn W1th the last
mentioned gear.

11. A device as defined in claim 9 in which an
axially adjustable part having different sets of

- splines of different angularity is provided for ad-

30

39

40

45

60

justing the angular relation between different
rotor bodies of the cooperating rotor.

12. A device as defined in claim 8 in which two
rotors each having at least one adjustable rotor
kody cooperate in intermeshing relation with

said integral rotor, and in which the gear angu-
larly fixed relation to the . integral rotor meshes

with diifferent gears each angularly adjustable

relative to the adjustable rotor body of one of

the cooperating rotors.
13. A device as defined in claim 1 in which the

v Mmale rotor bodies on one rotor intermesh with

ifemale rotor bodies on a cooperating rotor and
said cooperating rotor constituting the rotor in-
cluding a rotor body angularly adJusta,ble rela,-
tive to the shaft part of the rotor.
HANS ROBERT NILSSON.
SVEN IVAR TRULSSON
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