Twin Screw Rotors and Di spl acenment Machi nes Contai ning Such The invention
relates to twin screwrotors for axis-parallel installation in di s%l_acement
machi nes for conpressible nedia, with asymmetrical transverse profi et MAilEsh
eccentric center of gravity position as well as nunber of waps > 2 5 and
with pitch varying depending upon the wapping angle (a), which pitch

increases in a |.rs subdi vi Si on om,t he su on, Si de~sc reaches a
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cannot be igtidHRatiAG flr@sﬁyat’m{ﬁmbm tHeSdticResidbiich&\e aprt e@écwbscynent s DE
2934065, DE2944714 DE 3332707 and AU 261792 are doubl e- shaft co fzgsors

with screviBxieaING e &t o Batter &”&r\%f%&’PSFeﬁﬁﬁ%'Frﬁsﬁ?@%H% NP

sections ohirfifal eaiusg ahliis koestant and/tbird gabtipigiodi sposed axi al 'y behind one
anot her, and thus cause an inner conpression. Since defective chanbers and
eddy zones arise owing to the 20 stepped construction, reduced efficiency
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Screwtype conpress ter eng screw rotors, rot ating
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594691 desgithhies aid 6F ea\mttemagﬁwmmé EBhsthitibr éﬁp%@he@@ﬁy thérefer ig
directi ns Wt and ad de

running in po e i th as well
e aret BEPUAT e Bseinly Rerpha i A i Bt GnETe. drnERR FaRAed
trapezoi d skiapeal-déxis nfeehingsais the suiction-sidel sealirigyrnvehiab @annbaba mdimigatace

| acki ng, however. DE 609405 describes pairs of screw nenbers with variable
pitch and thread 3o depth for operation of conpressors and deconpressors in

ai r codisi nfurBerMaks desariepddn Hie patent deesmeptoPEl 2934065 DE2M YL ®Et he
optical inBREsEIPBNEYAISET7EY e double-shaft compressors with screw-like rotors

where rotors and/or housing are made up of disc sections of differing thickness
and/or contour disposed axially behind one another, and thus cause an inner
compression. Since defective chambers and eddy zones arise owing to the

20 stepped construction, reduced efficiency results compared with screw rotors.
‘Furthermore, problems are to be expected relating to shape retention during
heating up in operation.

Screw-type compressors with outer engagement of the screw rotors, rotating in
opposite directions, are represented by several publications:

25 DE 594691 describes a screw-type compressor with two outer meshing rotors
running in opposite directions with variable pitch and thread depth as well as
diameter vanation. The profile is shown as single-threaded with trapezoid shape
in the axial section. Indications about balancing are lacking, however.

DE 609405 describes pairs of screw members with variable pitch and thread
30 depth for operation of compressors and decompressors in air cooling machines.
A special transverse profile is not indicated, the optical impression suggesting a



2 single-threaded trapezoi dal axial section. There is no indication of

bal anci ng al t hough operation is supposed to be at high rotational §B€%QSW5
DE 87 685 describes screwrotors with increasing pitch. They are i nt ended"™
for installation in nmachines for expandi ng gases or vapors, They are
designed as s single-threaded or nmulti-threaded screw nenbers, there being
no indication of balancing. DE 4 445 958 describes a screwt{ype conpressor
wi t h out ersinglerinneaded dwpeabisiabariel sedtien.i hgeraisopp dydigatmn of éﬁlia@ﬁ'rtgecone
conti nuoushinei e bisérakibATs iRaSEd 1k alt riH rértibhal sesand axial end renot e
therefrom.." ey are used in vacuumio punps, notors or gas turbines. The
profile is shown as a rectangular profile; proposed alternatively is an

enbodi ment ppighe8es idedpaBes datew Mitopdiwithenreakay pitdMeTRe) airadntendeddbi on ﬁf
screw rotaors wt

bal anci ng.. EP 0,697 523 describes a conpressor type w-ith
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static and géﬁg c balancing. Shown in EP 1 070 848 are screw shaped profile
bodi es vvittﬂ Pl e pitch in two- threaded design "... in order to be able
to be better bal anced."” Lacking is the indication about a special profile
geometry; gﬁecl Qhﬁ%w?éékﬁ%‘esaa §¥Wf}fde‘3€6m FERSLRAGN &Ete?ﬁ@s‘l-.'ir?? sBre! al
section: 20 In some of the previousl’y kno ocunents of the state of the
art above, SlEREBEL @tating XhepreStion Whigh Peromesantingopsyptraaken HomdRgI& ur e
and assenbbyjal SadM®the E8cahd akize ehardinctdthareapased They Bfe QUbd s @htours
mentioned are the high |eak . losses through use of unfavorable profiles:
o ax i a0 sBuaesc RS o3 EiPings SRR TAOWS a8 AR WRE PR such
profiles; proposed alteenativelprieasiambodimeot wth poepebbieiahthread, dieneetbam

rot ati onal G hal e, 0o vacuum | osses and | osses with respect
to effici e%@??gé%ﬂjﬁ@gggﬁmﬁﬁag%@ sealing off are disclosed in the printed
publications GB 527339 (doubl e-threaded, asymetrical), GB 112104, GB
670395, EPeP §867&p4 d&c%e@@@o%@e%ﬂr@ EWith §286Fbtord Wit ARIilkM@ akiadt he

foll owi ng two blicatiops, s | e-t hreaded profiles th good ,
W ng outer%Jeslflnng plrorqles anlcpgontmuousc angFe) of plutcﬁ. "!\'Ar’!ne po%t symmetrical

15 profiles (S.R.M. profiles) directly bring about a static and dynamic balancing.

Shown in EP 1 070 848 are screw-shaped profile bodies with variable pitch in two-
threaded design "...in order to be able to be better balanced.” Lacking is the
indication about a special profile geometry, the drawing shows a symmetrical
rectangular profile in axial section.

20 In some of the previously known documents of the state of the art above, the outer
diameters vary, which leads to problems in manufacture and assembly. Common
to all the solutions proposed in the publications mentioned are the high leakage
losses through use of unfavorable profiles: an axial sequence of well sealed
working cells is not possible with such profiles; a good inner compression is not

25 possible at low or medium rotational speeds (blow hole leads to vacuum losses
and losses with respect to efficiency).

Profiles with good sealing off are disclosed in the printed publications GB 527339
{(double-threaded, asymmetrical), GB 112104, GB 670395, EP 0 736 667, EP 0
866 918 (single-threaded).

30 According to the following two publications, single-threaded profiles with good
sealing off are used. Their pitch varies, but the outer diameters are kept constant:



sealing off are used. Their pitch varies, but the outer dianeters are kept
constant: 3 03 JAN 2005 DE 19530662 di scl oses a screwtype suction punp with
outer meshing screw elenents, "whereby the pitch of the screM/eIeﬁFnr§ -
decreases continuously from thelr inlet end to their outlet end i brdérlio
bring about the conpression of the gases to be delivered." The shape of the
teeth of the screm/rotor di splays an 5 epitrochoi dal and/or Archi nmedi an
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nei t her C I lanci ng
t ouc hecf os eésmwgg% ﬁg’g‘yba?‘teﬁé;ﬁlﬁatvy%#}r ea@qﬂlgt&%%cj‘e'ﬁ?\‘/%r y
screw nerrmatsihwacqmre\ra@%wumr cRRprREsioNdaIMedigat/er se profiles each with a

cycloidal hollow flank, alternatively the pitch or the pitch and the
transverse profile beln able to be varied alon th axi s

and
. cor r edERBERR I ¥YO PPRA aesvap soreyratareyt coHrse gt whiehis BRt bei ng

gclhl eved thdriehef BSpestdaccatdasi mr@ésmethlenchfwmadis Heanrsieais andmndilyl e
elimtation cur

ded e s w_ interior t he
R A P D R T
passedio t landugibplaysa condavedflarddi Tine oAterediamateérusicogstant] & arofie varidios
rel ati onsryepné pggggléjept h/thread height, limted to values c/d < 4, which
| eads to rest on of the conpression rates achievable or to. enlargenent
of construction space. The problemintensifies with increasing 25 thread

nunber . 'thh@\%\tﬂérbhﬁwé%éﬁﬁéh‘fehﬂ@néd%ﬁﬁéaﬁd% thetdtoblReh 8RBARECIHd ead
nunber, rinciple single-threaded rotors would be desirable as

| ong as tﬁ% %Pﬁﬂﬁof bal anci ng can then be solved satisfactorily and as
long as nulti-threaded rotors are not altogether nore advantageous or

necessary [Sig&osed in WO 00/47897 are multi-threaded twin delivery screw members with
15 equal asymmetrical transverse profiles each with a cycloidal hollow flank,
alternatively the pitch or the pitch and the transverse profile being able to be
varied along the axis and "... corresponderice of profile center of gravity and point
‘of rotation being achieved through respective design of the individual transverse
. profile delimitation curves.” (= balancing). Provided in the screw interior (in the
20 regions of the teeth) are screw-shaped channels which are intended to be passed -
through by a cooling medium.

A manufacturing limitation is the relationship thread depth/thread height, limited to
values cfd < 4, which leads to restriction of the compression rates achievable or to
enlargement of construction space. The problem intensifies with increasing

25 thread number. Moreover the manufacturing expense grows with increasing
thread number, so that in principle single-threaded rotors would be desirable as
long as the problem of balancing can then be solved satisfactorily and as long as
multi-threaded rotors are not altogether more advantageous or necessary for
other reasons (for example rotor cooling).

30 Described in the documents JP 62291486, WO 97/21925 and WO 98/11351 are
methods for balancing single-threaded rotors, the pitches being presupposed as
constant. With modified measures, similar methods can be used for balancing
rotors with variable pitch, however with very severe limitation of the permissible



ot her reasons (for exanple rotor cooling). 30 Described in the docunents JP
62291486, WD 97/21925 and WO 98/ 11351 arg nmethods for balancing {3 jan 508
singl e-threaded rotors, the pitches being presupposed as constant. Wth =~
nodi fi ed neasures, simlar nmethods can be used for balancing rotors with
vari abl e pitch, however with very severe [imtation of the perm ssible 4 03
JAN 2005 geonetry since a bal anci ng through hol | ow spaces . creates . additional
probl ens i9FOREISY SHFE %?W%&Hﬁggvmﬂﬁ%e%ﬁ%esﬁgEQ a@‘?‘%ﬂé%@iﬁ@ﬂﬁ‘ cal
mass  di st¢ddiivibi amicsbecemsdvienagreafertierapistadf thamisghinostrickt miasst her ef or e

t he object .of . the present invention.t ropose technical solutions for 5
bal anci ng %'ép-@}dt‘?’&%ﬁé C&bgﬁl%@a?r}itégl%étcgi\{)ag%?@ﬁd eccentric position of the
transverse profile center of gravity, whereby the followi ng requirenents
have to b ' tha ' j - i8Rt s Sliorss Br

( manuf act 5'rt %’Méré@g?g h%8%@{0?&!:ﬁﬁﬁ}q@gﬁg{rﬁ%ﬁ'?gﬁé%%&%k rulgfai Son g?nze?) -
> nunbef opalaneing screw rotprAwilt vanizbleqnigheandiepgentnio positnnaktne gansverse

ef fi ci encyprcfife BEQRY AYrARS W&e&%%ﬂl@%h@%@hi?&%ents@%@ f5Bk eaIfiliege can
be selected as freely as possible between 1.0 ... 10.0 (tenperature, energy)
- transverse profile: loss-free (energy) outer dianmeter = constant

(manuf act ur e reRsiseBhipythredd deptithesadhen che<sel eghedusctiifegel y as possible
(manuf acture, application) The object stated above is attained in that

static and d 1 C I Lng | achieved with the, tw.n scr rQtar hr ough
cal cul ated bﬁ’ﬁgﬂgc(imr{]g&&?ﬂé%@tﬁ wr appi ng angl e, dgtf“?'ﬂg}ﬁ' %ci"?s\ghucg'c?&rééé)and
ratio of maximal pitch to mninmal pitch, or is achieved at | east 80% and is
suppl ement ed By rwnbhgesf wreRshe 2geonetry in 20 t he{magutactafe, emsl waguein)ends.
The useful shortening of the screw spiral flanks comng to a sharp edge
takes gl ace \dJgngtrid éfficepRydadaiéNhibhddkiBleW appi fébrftalRiopndigsgenent on
both sides (.) and with the pitch. Recesses in the region of the screw end

faces are used as additaonal nea ureg fofr t he bal ancing, if extrene
conditions r e%mprgSPHnsr_a e can beselectéd as treely

as possible between 1.0 ... 10.0 (temperature, energy)
- transverse profile: loss-free (energy)
outer diameter = constant {(manufacture, -ass'embly)
15 - material can be selected as freely as possible (manufacture, application)

The object stated above is attained in that static and dynamic balancing is
achieved with the twin screw rotors through calculated balancing of overall
wrapping angle, defined pitch course and ratio of maximal pitch to minimal pitch,
or is achieved at least 80% and is supplemented by changes in the geometry in

20 the region of the screw ends.

The usefui shortening of the screw spiral flanks coming to a sharp edge takes
place along with coordination with a wrapping angle enlargement on both sides
(1) and with the pitch. Recesses in the region of the screw end faces are used as

additional measures for the balancing, if extreme conditions require this.

25 Such rotors offer the best prerequisites for reduction of the energy requirement,

the temperature, the construction size and the costs, as well as for a free



25 Such rotors offer the best prerequisites for reduction of the energy
requi renment, the tenperature, the constriucti on size and the costs, as wel|
as for a free 5 03 JAN 2005 sel ection of "working materials in appl i Eatlf s
in chem stry and sem conductor technology. The follow ng cal cul ations give
t he theoretical bases, which show that a screw rotor according to the

present i nuenton. Lo he hel anebng: fauy AR O e RS Bulor S

shape. 5 §5 WN SCrew ro according to the

i nvention téérﬂwolQQ?.C minerdibWirgealBeREBAE Hive (M tMeordiheal ibaises! whithéhdw be
explained in thetollow ng, by way of exanple, with reference to the

dr awi ngs. tisatoavsceave roter gacerding to Bt pusfsesit mylestionfallitleer BRIANSECew rot ors in
a first enbodi ment  ex le .io .according to the invention in a view fromthe
front; Fi gﬁﬁg'é‘@r:“eph@nggg b&snst%lﬁs ¥4y rotors of Figure 1 in an end view
Figure 3: the right-hand screw rotor in an axial section along the line A-A
of Figure 2; Figure 4. the right-hand screw rotor of Figure 1 in a view
fromthe fSrafialamiedimends of the inscsewirateg aseeeliog te the Biventienagnsver se

profile C?f{,?@ts%hg%ﬁ'iﬁﬁ@g@%éem&‘ftsclgﬁ‘ﬁé’-e’ show ng the dependence of the axi al

position pprng angle (a); Figure 5: the changes in the axial
position (wW ) depending upon the wapping angle (a), which progresses
proportionally to the dynam c pitch according to Ldyn = 2it.w ; 20 Figure
6: in a pekhgBventienvible exdainediiadhe folipwivgr By wayorfiexanpia: withaeteseacs t y

| ocus curvg tRE drahirtly - SeG\Wneegew rotor according to the invention with a
wrap nunber of K =74; Figure 7. the cross-sectional values of a closed

chanber dependi ng upon the angle (xo) of the geonetric reference helix as
wel | as tHegargtl e aéetraftsihglerth(edeRivifisgrawe rélors hrea fir stigsrabsdiomerttfexample

conpresst ok AeRREYb e tRAhtioRn 3 el Rbnd AR (0): 6
Figure 2: the set of twin screw rotors of Figure 1 in an end view;

Figure 3: the right-hand screw rotor in an axial section along the line A-A of
Figure 2;

Figure 4: the right-hand screw rotor of Figure 1 in a view from the front as well as
15 the associated development of the transverse profile center-of-gravity locus curve,
showing the dependence of the axial position (w) upon the wrapping angle («);

Figure 5. the changes in the axial position (w') depending upon the wrapping
angle (o), which progresses proportionally to the dynamic pitch according to Ley, =
27w

20 Figure 6: in a perspective view, the helical transverse profile center-of-gravity
locus curve of a right-hand screw rotor according to the invention with a wrap
number of K = 4;

Figure 7. the cross-sectional values of a closed chamber depending upon the
angle (o) of the geometric reference helix as well as the angle of rotation (8);

25 Figure 8. the progression of compression depending upon the angle of rotation

(6);



Figure 9: the symetrical progression of individual partial functions of the
pitch and bal ancing cal cul ation; Fi gure 10: a bl ock di agram show agﬁ ng;as
of influence and interrelationships in the rotor dinensioning;, 5 gu*r Yot ;
a set of twin screwrotors according to a further enbodi mrent exanple of the
invention in a viewfromthe front; Figure 12: the set of twin screwrotors

of Figure 11 in_an end view, Figure 13: the nost ener ase
course acddgdiag the sxemeivuealProaressign e ndividgal; %"é'iabﬁéﬁcg (,IBﬁrFEtéhof a

pair of twindy §§|I‘a¢1‘ﬁlir|‘g)(t;;§]&§|aﬁgﬁ0rdl ng to 10 Figure 11; Figure 15: an
additional variation possibility for the pitch course; Figure 16: a set of

doubl e-threaded twin screw rotors according to a further enbodi ment exanple
of the invEiguie®nOi ra block evadraonshdweingrranges Bf guftence: and éteoeetiqrehipson

Figure 16 e een fromthe pressure is side; Figure 18: the
screw pai rthgfrgg’rg&uﬁg%fg)%rﬁ&an end view, seen fromthe suction side; and

Figure 19: the screw pair of Figure 16 in an axial section according to |ine

B - B of gHE 8115 s@Oborfthird SerebW Rt B&ctd edffrMHertdifpSaintetadiaplar e

i ndi cat ed. I?he respective units are given |% brackets. "Rad" refers to
r adi ans. |°f-thﬁrfﬁ\é$m6?r” W%H?V‘bfroﬂh@erfé@“on T2 (decreasing pitch)[-] K =nunber
of waps[-] 7 10 ,vl AU = total w apping angle of the center-of-gravity

helix = K2 ] = r.ent vvra n e of. thec nter-of-gravity
hel i x = pa '&H&‘?ﬁg [tﬁscﬂet oggmn S@ﬂ‘?‘?’é rﬁ\n%éi)}b&ﬁﬁ Lhig t‘ﬂ% geometric
reference,. helix (concave flank base) [Rad] U, V W— ort hogonal system of

coor di nat egjdl ¢3¢ The Hidst et cadetdel BRER BUFEFLLMHding to the invention,

Figure 14. a possible piich course of a pair of twin screw rotors according to
10 Figure 11;

Figure 15. an additional variation possibility for the pitch course;

Figure 16: a set of double-threaded twin screw rotors according to a further
embodiment example of the invention in a view from the front;

Figure 17: the screw pair of Figure 16 in an end view, seen from the pressure
15  side;

Figure 18: the screw pair of Figure 16 in an end view, seen from the suction side,
and

Figure 19: the screw pair of Figure 16 in an axial section according to line B - B of
Figure 17.

20 First, the symbols needed for the calculation are indicated. The respective units

are given in brackets. "Rad" refers to radians.

|= number of wraps of the region T, (decreasing pitch) [-]

K= number of wraps (-]



Waxis = rotational axis identical to geonetric center line w= w<a> =
axial position io w change in axial position [cml [cmRad] "pitch": general
definition: axial progression during 1 revolution LO = mean pitch ={¢goHgtiant
= w<a>=L0O- a 127E [cm or Lo=271 Wa dynamc pitch = Ldy" = 271 - -W=
27t W = Ldy" - W [cm is L,, L2 average pitches of the regions T,, T2 [cm
g <vw> = f<w> - r<w> [cnB] f <w> = transverse sectional area of the rotor
as functlo;hopi w [tefm]wrab ieafttes cehtaddVgiayitg erligr= RiZt ance dRad
function o 0 P g?atlonal angle = T 20 g ==co = 271/T
rotor rot atd@nal m@kﬂﬂmpﬂgéﬂgﬁ.of.the cénterdofr gtavaly Feflixa= revol ution t
time 25 z = ylb [Rad] [Rad/sec] [-] [sec] [sec] [g~sec2/cmi] 8 vy

speci fic wei ght [glarapleter [R d]
Op = current wrapping angle of the geomeilric reference:
5 " helix (concave flank base) . [Rad]
U, V., W = orthogonal system of coordinates fcm, cm, cm]
U-axis = reference direction

W-axis = rotational axis identical io geometric center line
w = w <o = axial position [cm]

10w %ZJ = change in axial position : _ [cm/Rad]

"pitch": general definition: axial progression during 1 revolution

Lg = mean pitch = constal > w<a>=Lp-a/2n fcmj
orle=2n- w
8]
- oW _ : \
dynamicpitch=Lgn=21- — =2aW =  Lgyn~W [cm]
15 L,, L, average pitiches of the regions T,, T» o [em]
g <W> = faws - r<ws [em?)

 <w> = transverse sectional area of the rotor as function of w  [cm’]

r <w> = center-of-gravity center distance as function.of w [cm]

6 — rotor rotational angle = 2=i/T - [Rad]
.00 _ _ , S

20 b=y ~ o = 2a/T = rolor rotational speed [Rad/sec] -
x = pi=3.1415._.. [-]
T = duration of a revolution ‘ [sec]
i = time ' [sec]

15 1=v/b [g'sec’/cm’)



b = Earth acceleration = 981 [cm sec2] P,,, P' = force conponents M, W
M,,W= noment conponents 5 = ww wrappi g angle enlargement [Rad] {3} !& 200
rel ative position angle of the bal ancing volunme [Rad] Q = go - rQ nonent of
inertia [cmi] go = balancing volune [cnB] rQ = center of gravity center

di stance of the bal anci ng voI ume [cm (o0 Calculations Generally applicable:
P =j ($(g<wew <a>. cosa) zw~ P" q(g<wew <a>sin a)da) (2) 9(

=j q(g<vv>vv€/a‘5\ﬁp§8¢'§|vﬁ% gg) (3) TO TO TO 2 =I ($(g<ww<a>W <a>c0sa) EJ% ﬁ)
Profile constant g<w> = const. = go Nunber of waps in whole nurrbers K=
2, 3, 5, L neral case for a pitch course thatnRe-ngs
about a bﬁl? an%ellrrﬁ %CJ@ atﬂ?@en@? of the invention is shown in Fi Eénpe 1? 1.
Pitch on the sucti on SI de end is not equal to the pitch on the pressure-side
end. ( Heded ; 9 The region T2 of the decreasing pitch extends
over | vvraFl @ fdf e%w@c)hens Functions w <a> can be found, which, in

bal anci ng vmth A B, L, and L2 fromthe -equations (1), (2), (3), (4),
result in e nBlUe mdnedtdorabbnghtgarti al conponents, which neans that
static and dynamc bal ancing is thereby achieved. 5 For the special
application here, i. e. screwrotors for installation in displacenent

machi nes for woanpies @nbleenadjanend advant ages can be found, howe{Bead]for j
> 1 and unequal pitches at the screw ends,, so the follow ng
sinmplifications have been

1 = relative position angle of the balancing volume [Rad)
Q = gq - o moment of inertia [em®]
da = balancing volume [cm’]
rq = center of gravity center distance of the balancing volume [cm]

10 Calculations

Generally applicable:

g)%zzq(g<w>w‘<a>cosa)da) M
Ti;g:ZU(g<w>w‘<a>sina)dd) )
T;%:Zq(g<w>w<a>w'<a>sina)da) (3)
ﬂi;-zw:Zq(gmv>w<a>w‘<a>cosa)a’a) (4)

Profile constant = g<w> = const. = g
Number of wraps in whole numbers K=2, 3,5, 6, 7...

15 The most general case for a pitch course that brings about a balancing in the
sense of the invention is shown in Figure 13:

1. Pitch on the suction-side end is not equal to the pitch on the pressure-side
end. (L+-(1-A) # Lo(1-B)).



undertaken for the further cal cul ations of the enbodi nent exanpl es
explained: T2 = mrror-inverted to T,; mgrror axis =_ a =0 = 10 1)L, =L2= Lo
2)B=A 3) j = 1 conpare Figures 5 and 9 15 Wth a nean val ue of W <§iKzy3]

W <+n> = Lol 2m (corresponds to pitch La) and a variation A-100% = W max =
‘Lo(1+A)12it wmn = Lo(1-A)12ic The cal cul ati on according to known, relevant

t hods t | ds_.f
ere <a2~(szosgéj'g) yTﬁ%rgQ'OrQ f]tégro(e# éa%@kitcg%&%{\% overjnWr(af%a) (%a? %0 M"
(K-2}L02(1-A) 2J27c+ fw<a>vv' <a>sinada (3a) '27° T(SJ z g0 -2n M+2n U w =
et <A PGAhe ARl B8N0l i R! I AZRLAR iy IE emppal orbthen. (he
equations (1), {2}, (3), (4), result in the value "0" for all 4 par’nai components,

which means that static and dynamic balancing is thereby achieved.

5 For the special application here, i. e. screw rotors for installation in displacement
machines for compressible media, nc advantages can be found, however, for j > 1
and unegual pitches at the screw ends, so the following simplifications have been
undertaken for the further calculations of the embodiment exampies explained:

T, = mirror-inverted to Ty mirroraxisZa =0 =
10 1bhh=Li=L
2)B=A
3)j=1 compare Figures 5 and 9

With a mean value of w'<-n> = w'<+n> = Lo/27 (corresponds to pitch Lo)
and a variation £A-100% — W max = Lo{1+A)/ 21
15 Wnin = Lo(1-A)27
The calculation according to known, relevant methods thus yields from (1), (2),

(3), (4):

P +27
Y - W2 > +2 jw'-:a >(COS2 %)da

Tngo -2n (13)

P +27

=2 jw < >(COS —Jdu
W0, 3, 2 (2a)
M +27
20 Yo (K-2L (=AY 127+ Iw <o>W<o>sinado (3a)

T™° gD -2n
M +27

= = jw<a>w'<a>COSada (4a)
00y .

For simplification of further calculation, the function h = h <o is inserted, so that;



W= 2(1+h'~ w'- - La hi | 2.7r See Figure 9 for the graphic representation.
I Ar' 5 The symmetry features, expressed mathematically, of a. screwrotor
according to the invention are: |. Basiggsymetries: h<-a> = -h<a® (4! )LDG’
h' <-a> =+h'<a> (a2) h"<-a> = -h"<a> (as) h<27t-a> = h<a> (b,) h'<27t- a> =
-h' <a> (b2) W2n-a> = h" <a> (b3) 10 hma" = h<7t> _ (dependi ng upon
function) h'<G> = A= h',r, hmn = h<-7t> = -(hmax) h'<27t> = -A = h'nmn |I.
Derived symejries: (- a)(h< a>) cos<-a> = a(h<a>)cos<a> (e) = function
symret ri cal £ 6%4a= 1) (h<-a>) (h' <-(x>)sin<-a> = h<a> h' <a> sin<a> (f) =
function symefirical to a= 0 15 Thus from (1 a), (2a), (3a), (4a) it
follows: P L +271 a J h'cos2 2 da =0 (owng to symetry to a =n; a = -n)
(1 b)) z TOg(h I\t}v h%n 2 +2n P" L J h" cost ~ da =0 (owing to symmetry) TO
Zgan-2n2‘ (K-2}1 _02(1-A)212n+ 90 (2b) 2 42n *2r r2

[-4ir_Jh. a. cosada --2 Jh 2 cosada (3b) 7r) -2n -zT‘'z +2n rt2w

W..z'—l—_ohn
21

See Figure 9 for the graphic representation.

5 The symmetry features, expressed mathematically, of a screw rotor according to
the invention are:

I. Basic symmetries:

h<-a> =-h<o>  (a1) h'<-a>=th'<e> (a2} h'<-a> = -h"<a> (as)
h<2n-o> = h<a> (b)) h'<2r-0> =-h'<e> (by) h'<2m-a>=h"<o> (bs)
16 . hpa = h<n> = (depending upon function) h'<0> = A = h'max

hmin = h<-g> = "(hmax) h.<27[> =-A= h.mln
iI. Derived symmetries:

(-a)(h<-o>)cos<-0> = a(h<a>)cos<a> (e) — function symmeitricaltoa =0
(h<-o=)(W'<-a>)sin<-a> = h<a> h'<o> sin<a> () = function symmetrical to o= 0

15 Thus from (1a), (2a), (3a), (4a) it follows:

. ;+211
P_; = Lo _[ hcos? Lda =0 (owing to symmetry to a = n; o = -n) (1b)
1@ gD n -27 2
P L +27 a )
Y =0 J' h'cos’ =do =0 (owing to symmetry) (2b}
0 g T _on 2

T gD ~2n —'271

. 2 43 ~ +2'Jl
M;-w :—(Kh2).02(1—A)2i2n+(?-) [ 4y~ jh o -cosardor — jh?cosada)(?»b)
T

M L 2742 1 +2n
i -( ] ( [ h-o-sinada+= [h? sina daJ =0 (owing to symmetry) (4b)
2n 4 2

T gﬂ ~-2n



Mw f h. a sinada + | lhz sing da = 0 (owmng to symmetry) (4b) TO go = 2rr

L-271 2 -271 11 11 J1'1'S r',, H! LO '"0OJ The only val ue whi ch does not
di sappear al one through the setting of t He symetry features and of 3tihe 7
wrapping angle is M,,,, which is necessary for 100% balancing. = 1 +27

4271 5 -27((K-2X1--A)2+21= 1 h.a.cosada+- jh2cosada -271 2_2-r (*) Wen the
above symmetry features and constraints are kept, the function h = h <a>
can be selected as desired. After it has been selected, A can generally be

cal cul ate r (AT N0 i S AT i shown in
the draw ﬁgie ?’52\/ Vrﬂ%%@'%ﬁ% H?QQK'S%B%%&E%& kgiKi 55 YA .igf:@@géfgﬁ%? 3K- 2

1- 5K+4) / ( 3xrepeirpifeatyes andri treawviappngenal isMswaviishpp mesessarnier 1887 or A
thus resuldyfkinyatyi ng wrap nunbers K, with which the conpression rate, in
turn, varies. The follow ng table shows sonme nunerical values: Wap nunber
K234567 Anplitude AO.61030.64290. 6666...0.68530. 70050. 7133 Conpression rate
Vdl. 02. 5524. 04. 26654. 5094. 732, For ot her fupctions h = h <a>, differing

val ues §or_@n@@d2\}g_aagﬁ p@)__aij'nﬁql.c'ﬁyﬁda 422 Ih?rccﬁ%@ﬂ&' e, the functign 12

_2n ~am

When the above symmetry features and constraints are kept, the function h = h
<o can be selected as desired. After it has been selected, A can generally be
calculated from (*).

10  Corresponding to the embodiment examples shown in the drawings:

h=2A.sin < =

2
(3K - 9)A* - 2(BK - 2)A + 3K =0 (**} =
A=[3K-2-Vi5K+4)(3K-9)  forK#3

A = 3K/(BK-4) = 9/14 forK=3

15 Different values for A thus resuit for varying wrap numbers K, with which the
compression rate, in turn, varies.

The following table shows some numerical values:

Wrap number K 2 3 4 5 6 7
Amplitude A 0.6103 |0.6429 [06666... (06853 (0.7005 |0.7133
Compressionrate Vy 1.0 25652 |40 42665 (4509 [4.732

For other functions h = h <a>, differing values for A und V4 are obtained. Thus,
20 for example, the function



jm 12 h - A. sin 2 2+D- sin 2 |1 permts a variation of the factor D,
whereby, 1 with maintenance of the symmetry features as well as the
junctions and the miniml / maximal valyes for the pitch course in detail,
and as a consequence, alternatively A O Vd are variable (F| gure 15). 5
However, for applications requiring |arge nunbers of wap K but onl§iniihiifal
conpression rates Vd, the requirenent M,, wWTw2 = 0 is no | onger achievable
wi t hout further additi onal maasure; , even vvith taking full advantage of the

detined | P-gbrician %aﬁ? :}“ﬁmﬁ?ﬁea VB e TR PE BB E” o
t he above io ne t|o d sh en| orrections of the screw spiral flanks

t h : I [
angl o eni avefenbier ke o dfA Shfngry RARLELE, Weea BelBRelighe iR e o o7,
(putting omjnimet éniaadimiahvalpesﬁubttw;biwh cparsetin cetaibfanchas ScrawegNete wo
equal val ues. r(wgiﬁ y/}Péﬁﬁrélvgggphée)%bpwgpters of gravity SQL, 302 =

angul ar syrmetrl ca plane. Valid in general for the
four stat. values P* 2 P" M/, w Muw TO TTif2 a TnR2 . Tim 2

Fact or - §[ f yadarentat apahce.@]ons r[ewnm%@géama@bwwa [rcgm @ﬁtyi mmlmal ue)}
0 20 For the co onen s in detail cosS ?+0 0=
compre S|on rates Vy, the reqwrement V. W ‘EUJ is nNo onger ac |evab
without further additional measures, even with taking full advantage of the
extreme variation of the pitch course. The measures hereby used can be defined
in general and in formula terms in a way which is also valid for the above-

10 mentioned shortening corrections of the screw spiral flanks coming to a sharp

edge.
Measure 1: Supplementary values through wrapping angle enlargement p on
both sides.
Measure 2: Correction by taking off {putting on) material in the two axial
15 . . positions of the screw ends; two equal values (Q[cm®]); positions

of the centers of gravity SQ,, SQ; = angular symmetrical (£(u+n))
to the U - W - plane.

. - P P, M M
Valid in general for the four stat. values —%-, . L% 2.
T T T T

Factor-{[fundamental value] + [supplementary value} - [correction value]} = 0

20 For the components in detail =

cos(u+m) (=0 (1c)
1w -4n

+27
L= [Ih‘coszgda}u[(LA)sinu}

Q
L
9o [ﬂj

(trivial) (2¢)

Tw



ICW2 +[(1-A)sin] (trivial) (2c) 13 go +2n 2n 2n((K-2X1-A) 2+2) + f
h. a-cosada+_. fh2cosada -2n 2 -2n 2it(K-AK-2))
(1- AX2(1- AXsint.-cos)+2ir(K-(K-2)AX1-cos)) 2t(K - A(K- 2)) 1 Qsig( #ilrs
0 2n (10 MUWI 2 (K- 2) [0J+[{1-A 1 | J. Qcos( +rt) =0 go(27) a -)
JAN 201r~"' (3c) (4c) 5 Fromsymetry of the pitch course in a = -vt, a =
+7r (equations (b;), (b2), (b3)) = (1 b) so t hat t@,e equatigns (1 c¢) and
(4c) becone identjc Fr ?; &qg@& 0 s t cbbgakWo equations (1
c) and (3cm, (,equ |glrrf(}((2c@m ?I‘IV ai},) one 0 talLFriS gfggréth separati on of
vari abl es. eb &<K—A —1>and et K—A > to Her is still
freely varr"&’bl e. |Since material ca ?fR e re ved or put on anywhere
desired, there results in particular in the case of the shortlening
corrections of the_scre pir fl anks
[ﬁ AYal”

A srnu neosp)+ 2n(K - (K - 2)A)1- cos u))}
27(K - A(K - 2))

Q o .
- ;@SI (u+‘n)H—0 (3¢)

Y - (K-2)-¢[0]+[(1- A)sinp]- ——%——cos(u +n)|l=0 (4c)
0
()

5 From symmetry of the pitch course in a = -n, a = +r (equations (by), (b)), (bs)) =
(1b), so that the equations (1c) and (4c) become identical. From the system of
equations of the two equations (1c) and {3c) (equation (2c) is trivial), one obtains
after the separation of variables:

Qser = Q<K A, p> and Nset = N<K, A, p>
10 Here p is still freely variable.

Since material cannot be removed or put on anywhere desired, there results in

particuiar in the case of the shortening corrections of the screw spiral flanks -

coming to a sharp edge a dependence Q = Q<n> = 11 = n<Q>, so that the values

1. 1, Q are determined. Imaginary solutions require a subsequent correction of
15 the value A.

For short screw members (K = 2), equation (4c) is fulfilled for all n, i, Q. Thus in
this case the necessity to achieve (4c¢) = (1c) does not apply. Furthermore it
follows from this that although (1b) Is possible, it is not required in a compulsory
way, i.e. the equations (by), (b2), (bs) (= symmetry in a = -1; a = +=n) are not

20 compulsory for K = 2 (Figure 14).

With non-constant transverse profiles, the calculation becomes more time-
consuming. The geometric reference helix at the concave flank base no longer



comng to a sharp edge a dependence Q = -g> > -q = i1<@Q, so that the
values -q, g, Qare determ ned. |Inmaginary solutions require a subsgguantyc:
correction of is the value A For short screw nenbers (K = 2), equation
(4c) is fulfilled for all 11, 4, Q Thus in this case the necessity to
achieve (4c) =_ (1c) does not apply. Furthernore it follows fromthis that

al though (1b) is possible, jt i.S no Lred.i I L.e. the
equat i onsﬁ:(aﬁ'?%s, OP@?)? trc%g?n{egcg%h bsﬁ% ‘&ﬁgh-%”?agé:’@ %‘?t r%%re gﬂﬁ}ég eé20
compul sor yigmthtdugh2al{ fFiegiormulia®) . Wt h non-constant transverse profiles, the
cal cul ati on becones nore tinme- consum ng. The geonetric reference helix at
the concave flank base no |onger 1 4 corresponds to the center-of-gravity
hel i x, whifogute {iisranellystratiorceha doglameedimang examle of hetwintsrsewdPHIF ds |
Figure 1 ig,fp hd Hﬁéé atdiN2Weifgliodatbd Ha0s biitiie SHABDI Ehefwd Retok v rargicr ew
rotors 1 and 1", the axes 2 and™ 2" be ng | ocated_ in tﬂe Blﬁaéﬁ'bé)l ane. The
two rotorst Brami cybndrica|design, @nd hane turadseirgrs 3 avd hatvd! 8pirals 3
and 3', whigHstlefduner aireset et 19 Uirleddh2 ! §éndraddd karfhied bethdg'. tTise
generated surfaces

6 and 6' . The, t t di d llel . h
ey Fac s etk Sgeoa oL RIIE Beh ey S PR RES g A e
gener at ed @ng baoter 6n armesisipgovaw eThie 6jenef atiekesurfartesr pr véspettistebot'i dddhé n
tati t | L.Dg. ' ' : | el ,
e acent tteRe SRR s In o o BER0MMbRARREAL RucdenaY BT RAlAN8 |
bet weeno t haxesomeovsyadiadent outhedumising 95showhdnfHiguries2l, Dafineghingidke thérousi ng
wal | 10 i sh&, 8§/ 'm%twee?h?g%rrécgwé&m&% 4 rOMRNearike 4148 fe the

ot her during rotation o e rotors I n opposite directions, whereby the
chamber VioPYSRIWRIhHR ¢S ASFERAIThShapHers hehichimeYShHPMARE exiah&naie thet ch
cgur se: | hnoth@e dlbinguetatiom (ﬁhﬁé&othdrb% wlespbum;@e an@bﬂm@,&vﬁ@e@yrt?;é idﬁilali‘nb@| ue,
then in the_ conpression ase the vplunge,is decrease an i na . on
openi ng of ‘8 HEECHIAHS SRR e HEnde crttpBebAtaE Sihin< Bieneofisel mlteq <o
zero. The suatidneplesseyfthe veluroe mrgeaseetala mapimadsaklye, Themoh (e complessguct i on
side and b i | r S | G ' ' L he
end faces %?g%%g% \\?\AOIHH{I:éOf[Sg% s&%%%ﬁ fé@%{&fug%gldjiﬁwﬁ 86\/1He$cl"i‘ar\‘|b8?"’d9f‘|né

the discharge phase, the volume is reduced to zero. The end faces of the rotors

are designated by 7 and 7' on the suction side and by 8 and 8' on the discharge

side.

20 Figure 2 is a view of the end faces of the twin rotors on the discharge side (view
from above in Figure 1). The illustration shows a projection of two engaging, axis-
parallel rotors. The reference numerals 2 und 2' designate the parallel rotational
axes of the rotors 1 and 1'. The flanks are designated by the reference numerals
4 and 4', whereas 8 und 8' designate the adjacent front fac'es, which delimit the

25 rotors in the longitudinal direciion. Designated by 5 and 5' are the core cylinder
surfaces of the rotors, which have a constant diameter. in a displacement
machine, the rotors are installed in a housing 9 with an inner wall 10. For contact-
free operation of such machines, the gaps between the two rotors as well as
between the rotors and the inner wall measure about 1/10 mm each. The plane A

30 — Alis an intersecting plane, which defines a longitudinal section of the rotor
according to Figure 3.

Figure 3 is the aforementioned longitudinal section through the rotor along the
plane A — A of Figure 2. The reference numerals correspond to those of Figures
1 and 2. However, the rotational axis is designated here by W, whereas in

35 Figures 1 and 2 it is desighated by 2 and 2'. W and U are part of the system of



fromabove in Figure 1). The.illustration shows a projection of two

engagi ng, axis- parallel rotors. The refgrence nunerals 2 and 2' desi gnate
the parallel rotational axes of the rotors 1 and 1'. The flanks ar&3 JAN (i
designated by the reference nunerals 4 and 4', whereas 8 and 8' designate
t he adjacent front faces, which delimt the 25 rotors in the | ongi t udi nal

direction. Designated by 5 and 5' are tpe conljg\ Qder rfac (?s] od‘f t he
rotors, vERAINASe LV é‘fsﬁﬁtfordtl gylatipRs 4 es%q"g %‘?‘@n‘? 18 %" he
rotors argodrasiates éslidoated Aot M}ac& (wnitHﬂe amisi V\hmhewalthe b@tchFh:&s a@mmmtal free
operation of such nmachi t h £\ I

bet ween t sz%‘f%saﬁ%o ﬁgf hﬁnﬁ?gﬁﬁi&“})ﬁxu nﬁ %ijf%g 8 C%ﬁsk% ’The pl ane
A 30 - A whersas thiecthsead haghbldadepentinghujete theesltcah pbitgi spitkints varédileon of
the rotor according to Figure 3. Figure 3 is the aforenentioned

| ongi tudi nal section through the rotor along the plane A - A of Figure 2.
The r efer Eigtse fushows $he ahkbpothgcray fates & afvw@rm&le frOBh FOPreSNONENSY | t he

rotationaj E?@%tbﬁp@ﬁﬁbﬂ@@bﬁ%@%?gﬁth’w urléhera%é\ﬁelll Bs3|5e Hsgueieted and 2 it is
desi gnate and U are r m of 15 coaor. dhnat es

e O avigpeanaew sif dus Sonsy se prBlepenicn B InbinE s fLre Jae

coor di nat gﬁows th@@@b@dd@hcé hathaoéﬂaep@ﬂtnbmwamp@n\mewhepplrtgwan@pt(@r) has a
maxi nmal al ue re%ﬁrsa 0|n d.depth c is

The th
const ant, StiatereBEFe? b PRullonat she SamelidbB RIS bR TRVSPRIHEof 1 he
spi ral 1o i sonstanalthe. crﬁssisgumcmglowdhe erthiee temdth-didinel retor elfferdrom ane a vi ew

fromthe EHB{HerﬁW% r?f‘ﬁQP&H Pt9the ea%ﬂﬁr é8§%n%€’§f‘tﬁ'r8§;§§'cﬂﬁ etHEGU Thght 1n

Figure 1, € assocl a 21'0ped i ransver se

profile cEnriermpreths perpter @&gsavdurqféhewmwse@tmﬁslsmﬂé idipeaad é@ dlee aKkist he

Sf('t al g?stsm@n(w EHRGISIEHE |95 aRAbMEN DG cRristint spBclifro Wéﬁﬂré%sﬁiaﬁg he

) e profile of the screw rot I's to ns
Cr0ss-sec P'Br‘gpgv%‘ﬂretéﬂ @E@lﬁ'@hlc@ﬁ'@%?oﬁfj"?%@ & e “?ﬁ Map o ﬁ'&ﬁr{%ﬁé's anot her
onl yhl 5 r eileatmb@d be theoamaoth &rcapoalctf isdincenterd of grasjtg of tHeoctdes-déations. ltI
Fur t her mor, t to
the axi o capes s upu e Maliechvia Il SRBIRIE Lo By Budf b e RbSR,,
Ther ef or e darisgithalfirst wiap incfeases ungnepuslytfrom peisitn cérm; espbii lf&g'eﬁﬁlt hat
of the wr |r§tf af B@snh@ﬁ@r aftér %.dﬁﬁﬁ.@rmkﬁ%m A dRisHPEERBaLES BhtiPthePén@bt

centers o ravi tg he cross- Eect | ons.
second wrap untli position 2z, and flnally remains constant until position 6x.

20 - Figure 5 shows a curve illustrating the changes in the axial position (w')
depending upon the wrapping angle {a), which runs proportionally to the dynamic
pitch according to Ly = 271 - W. Visibie here is the mirror symmetry of the curve
to =0 as well as the symmetry of points S; to « = -1 and S; to a= +n in the range
-27 to +27 of the subdivisions of the curve on the left-hand side and on the right-

25 hand side of the line at a=0, respectively. These features are essential for
overcoming the balance error of the rotors, and represent the gist of the invention.

Figure 6 shows the helical transverse profile center-of-gravity locus curve of a
right-hand screw rotor according to the invention with a wrap number of K=4 in a
perspective view corresponding to the development according to Figure 4. The
30 symbols indicated correspond to the definitions given earlier for the calculations.
The wrapping angle enlargement pu and the relative position angle n of the
balancing volume gq have been additionally drawn in above and below.



can be seen fromthe diagram wth their devel opment, that the pitch of the
spirals during the first wap increases;gontinuously fromposition ;2ir

until the reversal point, at position 0, after which the pitch cont pr‘?u@UstIUyJ
decreases until the end of the second wap until position 27t, and finally

-remai ns constant until position 6ir. 20 Figure 5 shows a curve illustrating
t he chang he axi al i tion [ | e
() ) wnTaURuAdS Bropararh SRAMSE I ehesayRan &' valEsroulsy KIRY edofs °

27?1 . : cWamliﬂéredé}mr&img uploe therar@e syahdtthg geomeatoc caference 6811&@83&61

as the Syq breyrgg%“%}%sl %Jsgéﬁto a =-t and S2 to a= +7E in the range -27t

to +2n of the curve on the | eft-hand side and on the
right 25 hand side of the Iine at a=0, respectively. These features are

essenti al digro BYEH C&%E&Qﬂs‘ﬁ%mﬁ’@%@o@fe@%f é?ﬂ(mér*é%sfd?{ @b of tﬁé‘%nﬁélp\hﬂ@m@‘) t he

gi st of t he ' nvent i on ure |1 cal transyerse profil

cent er - bf '@r&a@'%?dIW%&WW”%UPPMH?fﬂ‘zﬁﬁ'&’néb?@wer or accor di ng to the
invention with a wap nunber of K=4 in a perspective view corresponding to
t he develo nment _accor dj to Figure 4. The 30, symbol s indicate r ond

o the. defFBRS SATROYS I sipmelfed GroambSion SRS perenERRElREF K ihgr e

enl ar genmengitcraadd blamrfcemgttaloenamm fdosn, aimgl, dvaci> o' <thre h'" bk pnVithgresplesht® gQ
nave been FAighARAhLY of e hBoRPURENE R rfidicineedkdiaiibhefnf

Figure 7 i how N €'Cross-sectiona v ues (surtace
cl osed cmmrmggeﬂpmnnsh@tfaa@lp@C(fm)IOOf the geonetric reference

helix as well as the rotational angle (0). Figure8 is a di agram show ng
t he course_of congresm on (% of the initial vol une) in a cl osed. chanber
dependilfig Tighfes Ad anst 42 |Sbﬁaf|a&ﬂw%’ G(rnlyodmee;nreéam%wq fRemsghaweai ¥al

pr ogr FStSI oshart st medﬂeérswﬁ eabrafmmmhbeﬂx 0D (BB&velPhd éheaﬂdttt&?bﬁﬂié ng
cal culatl o a | n ec (0]
SR PR RN T e dte rﬁ?%ﬁaweeref%r%ew@mervis 8 T Rl dand D%e and

t he cor r espsediforghdefanme padas Wilh these spesr menasterentha poift guhme dflhend 12
menber s w § o RSP 4 g suEHATELR 4 bl e QbBhio 3 RR dre e SIBE FordhERV: o1 on
T3 to lﬁer@"-")”a'Tﬁ@W@éﬁﬁélyrf@f @ﬁérﬁf@”ﬂﬁﬁmm@daé. $mtmtw:énlagemtm@@mne

thus equipped operates isochorically. The point in time of the opening.to the

- . pressure side can be delayed through an end-side end plate 11 with an exit
“aperture 12, which is closed and released by the rotor 1, as is known in the state
of the art. Thus an inner.compression can be achieved with this embodiment:
20  example too.

In a-sub-variant of the second embodiment example, the short screw members

(Figures 11, 12) are designed according to a pitch course of Figure 14, which

likewise runs symmetrically with respect to a = 0 in the regions T; and T, but

deviates from the course explained in connection with Figure 5, however, in that
25 the said point symmetries are not present here.

Figures 16 to 19 show, as a further embodiment example of the invention, a rotor
set with double-threaded, asymmetrical transverse profiles with eccentric center of
gravity position and a number of wraps K = 4. Extension of the wrapping angle on

both sides (p= g). The profile is corrected on each end face at two screw spiral

30 flanks each, coming to a sharp edge, in that material has been taken away there.
The reference numeral 13" in Figure 16 designates a surface treated in this way.
The targe rotor surface, here achieved through multiple threads and large number
of wraps, and coaxial cylinder bores (14, 14") in the rotors (1, 1), through which a



used for the sane parts. Wth these screw nenbers, the point in time of the
closing toward the suction side and of the opening to the pressure side for
the 15 central, conpletely fornmed chanber coincides, so that a displ dcemnt; "
machi ne thus equi pped operates isochorically. The point in time of the
opening to the pressure si de can be del ayed through an end-side end pl ate

11 with 12 h 1,
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t he said point %nnetrles%are nokxiresent her e. ures to 19 show, as a

further e abiwe piagasvthin e case @f d@'é'?'evﬁh(%dEd screw

doubl e- thnﬂgdﬂﬁgsasynnetrlcal transverse profiles with eccentric center of
gravity position and a nunber of waps K = 4. Extension of the w apping
angle on both sides ( =i-). The profile is corrected on each end face at
two screw sigurealt 039 afblaok siaggaim, sroovingglata oa |sﬂaerpcedgd infenrelstddnstaper i al
has-been t in Figure 16
deS|gnate§ﬁ§ﬁ§J$Pa¥- @ﬂgg?gﬁaﬁﬁt@ Bﬁb?@ﬁﬁeﬂ#ﬁﬁf arge rotor surface, here
achi eved through multiple threads and Iarge nunber of waps, and coaxi al
cylinder bores (14, 14') in the rotors (1, 1'), through which a 17 cooling
agent flows, create the prerequisites here for special uses in displacenent
punps for chem stry in which | ow gas tenperatures are required. The pitch
course is simlar to that of the first of the enbodi nent exanpl es descri bed,
it deviating here, owwng to the application, A=0.4 with vd = 2.0. The
values Qand 5 nin the formulas (1c), (3c) and (4c) are conbi ned because
mat eri al has been renoved at each end at two places 13" in the case of the
doubl e-t hreaded screw nenbers. Figure 10 is a bl ock di agram show ng data on
influence and interrelationships which are of significance for the rotor

di mensi oni ng.



iIs Clains: 1. Twin screwrotors for axis-parallel installation in

di spl acenent nmachines for conpressible pedia, with asymetrical transverse
profiles with eccentric center of gravity position as well as nunbergzaf
waps >_ 2 and with pitch (L) 5 varying depending upon the w apping angle
(a), which pitch increases fromthe suction-side screw end in a first
subdi vi si cf?l ng) reaches a maximal value (Lmax) at a = 0 after one wrap,
decr eases 16 "%>ni ni mal val ue (1-mn) in a second subdivision (T2), and is
constant in a thi \Y/ ci ng
I s achi eved thrﬂufﬁ'nc g{NI 'Jg?érgqg'( %%)Scp %ﬁéﬁhg@}ﬁbb%?{%lag&(ﬂgo anaQﬁ et
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maxi mal an@¥PmPrhHe pFrevhends. Twin screw rotors accor di ng to one of the
clainms 1 to 4, enthe25cha eln itch at the. s ga onfa
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symet r

y y 3. Twin screw rotors according to claim 1 or 2, wherein the maximal pitch,

the minimal pitch and the pitch course are fixed in such a way that the suction
‘capability of the displacement machine for compressible media, in which the twin
20 rotors are installed, corresponds to the desired value.

4, Twin screw rotors according to one of the claims 1 to 3, wherein the
rotor length is established by means of the number of wraps as well as by means
of the maximal and minimal pitch.

5. Twin screw rotors according to one of the claims 1 to 4, wherein the
25 change in pitch at the subdivisional transitions is zero, when the wrapping angle ~
is -360°, 0°, or +360°

6. Twin screw rotors according to claim 1, wherein the courses of pitch in
the first two subdivisions (T4, T,) are designed mirror-inverted to each other, and
wherein the wrapping angle of the third subdivision (T3) equats "zero," the static

30 and dynamic balancing being achieved through the above-defined symmetry
features of the pitch course, the setting of the ratio of maximal pitch to minimal
pitch, of the defined pitch course as well as through changes in the geometry in
the region of the screw ends.

7. Twin screw rotors according to claim 1, wherein the courses of pitch in
35 the first two subdivisions (T4, T,) are designed mirror-inverted to each other, and



features of the pitch course, the setting of the ratio of maximal pitch to
mnimal  pitch, of the defined pitch coupse as well as through changes ks
the geonetry in the region of the screw ends. 7. Twin screw rotors :
according to claim1l1, wherein the courses of pitch in 35 the first two
subdivisions (T,, TO are designed mirror-inverted to each ot her and wherein
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to one of fheugh HBbdvé-BefineWRrPhétrf Ritlife3NSMBESRIchI furk€ ah8 theRSHUHY -
of the overall wrapping angle and through changes in the geometry in the region
20 of the screw ends, and the dynamic balancing being achieved through the above-
mentioned symmetry features of the pitch course and through the setting of the
overall wrapping angle as well of the ratio of maximal pitch to minimal pitch and of
the defined pitch course and through changes in the geometry in the region of the
screw ends.

25 9. Twin screw rotors according to one of the claims 1 to 5, wherein the
transverse profile is constant.

10. Twin screw rotors according to one of the claims 1 to 5, wherein the
transverse profile is variable as a function of the wrapping angte (o).

11. Twin screw rotors according to one of the claims 1 to 5, wherein the
30 transverse profile is single-threaded.

12. Twin screw rotors according to one of the claims 1 to 5, wherein the
transverse profile is multi-threaded.

13. Displacement machine for compressible media comprising a housing,
an inlet and an outlet for the admission or respectively discharge of the
35 compressible medium, a pair of twin screw rotors in meshing engagement,
substantially free of imbalance, which rotors define with the housing an axial



10. Twin screw rotors according to one of the clains 1 to 5 wherein the
transverse profile is variable as a functjon of the wapping angle (a).:,Li:,
Twin screw rotors according to one of the clainms 1 to 5, wherein the
transverse profile is single-threaded. 12. Twin screw rotors according to
one of the clainms 1 to 5, wherein the transverse profile is multi-threaded.
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