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AHanmu3 3¢HEKTUBHOCTH CITOCOOOB MOATOTOBKY K CKAPMJIMBAHKMIO KOPMOBOIO MaTepuasa (3KCTpynara) rmokasai, YTo HauOOJIbIINIA MpaKThiec-
KU 1 HayYHBI MHTEPEC MPENCTaBIsIeT TeIIOBOM Crocod 00paboTKU, ISl KOTOPOro ucrosb3yercst npecc-aketpyaep KM3-2. MccnenoBanust
B. B. HoBukoBa 1no3BoJimiin ycTaHOBUTb, UTO B IIpoliecce 00pa3oBaHUs SKCTpyaaTa MPOUCXOAUT €ro MepeMellieHue 1Mo Beel [uinHe paboueit ka-
Mepbl, 00pa30BaHHOM MPOCTPAHCTBOM MEXIy BUTKAMU 1ITHEKA W BHYTPEHHEM MOBEPXHOCTBIO KOPITyca, 3a CYET Yero rnojyyaeMasi CMeCh Harpe-
BaeTcs M yryiotHsiercs. Ha ocHoBaHMM TeopeTndyeckux ucciienoBanuii B. FO. ®dpooBa ycTaHOBIEHO, YTO IITHEK MOJDKEH MMETh IePeMEHHBIM
1ar, yMeHbLIAIOLIMICS 110 Mepe MPOABUKEHUSI BIOJIb €r0 0CH 00pabaThiBaeMOro KOpMoBOro Marepuasa. [lepeMeriasch BI0JIb OCH LITHEKa, KOp-
MOBOM MaTepuas YIUIOTHSIETCSI M IOXOIUT O COCTOSIHUSI, ITO3BOJISIIOIIEr0 MPUHUMATh HEOOXOAUMYIO (POPMY B COOTBETCTBUU C TPEOOBAHUSIMU
K niporieccy. OrpeznesneHre palMOHaIbHbBIX MTApAMETPOB LIHEKA NMEPEeMEHHOTO Llara B 30HaX 3arpy3Ku U MPecCOBaHMUs MPEeCcC-3KCTpyAepa Mnpei-
CTaBJIsIeT BeCbMa BaXXKHYIO 337auyy Kak C TEOPETHMUYECKOM, TaK U C MPAKTUYECKON TOUYKM 3peHusl. Llesab cTaTbi COCTOUT B OMpeneseHUu paluo-
HaJIbHbIX KOHCTPYKLIMOHHBIX MapaMEeTPOB LLIHEKa MEPEMEHHOro Liara Mpecc-3KCTpyaepa B 30HaX 3arpy3kKu U MPeccoBaHUsI 0OpabaThiBa€MOro
KOPMOBOTO MaTepuajla Ha OCHOBE MOJICOTHEYHOro XMbixa. Ha HayanbHOM 3Tane paccMOTPEeHbl KOHCTPYKLIMOHHBIE MapaMeTphbl 1IHEKa nepe-
MEHHOTO LlIara Mpecc-3KCTpyepa B 30He 3arpy3ku 00pabaTbiBaeMOro KOpMOBOTO MaTepuaia, Ha CJeayloleM 3Tarne — IMPOLIECC ero YIIOTHEHUsI
U MIPECCOBaHUSI IIIHEKOM. B pe3ysbrate TeopeTMYeCcKUX MCCAeJOBaHUI 1IHEKa MepeMEHHOro 1iara npecc-akerpyaepa KM3-2 ycraHOBIEHO, YTO
yBEeJIMYEHHME TUIOTHOCTU 00pabaThiBAEMOro KOPMOBOIO MaTepuaia Ha OCHOBE MOACOJHEYHOTO XMbIXa MPOMCXOAUT MPOMOPLHUOHATBHO YMEHb-
LLIEHUIO 1l1ara BUTKA IIHeKa. [11oTHOCTh 00pabaThiBAeMOro KOPMOBOIO MaTepuajia 3aBUCHUT OT ero (hM3MKO-MEeXaHUYeCKUX CBOMCTB.

KioueBble cioBa: rpecc-3KCTpyaep; LUIHeK MePeMEeHHOro 1ilara; KOHCTPYKIIMOHHbIE TapaMeTphbl; MOACOJHEYHbINA XMbIX; 30HbBI 3aTPy3KH U
MpeccoBaHuUsT KOpMa.

The analysis of effectiveness of methods of feed material (extrudate) preparation for feeding showed that the thermal method of its processing
with the use of the KMZ-2 extruder is of most practical and academic interest. The studies carried out by V. V. Novikov showed that in
the process of its formation the extrudate moves throughout the length of working chamber in the space between the screw flights and the
inner surface of body, due to this the obtained mixture is heated and compacted. Based on the theoretical researches carried out by
V. Yu. Frolov, it was found that the screw should have a variable pitch gradually decreasing with the movement of the processed feed material
along its axis. During its movement the processed feed material is compacted and reaches the condition that allows to take the required shape in
accordance with process requirements. Determination of rational parameters of variable pitch screw of extruder in areas for loading and pressing
is a very important task on both practical and theoretical grounds. The aim of the article is to determine the rational design parameters of variable
pitch screw of extruder in areas for loading and pressing of processed feed material on the basis of sunflower cake. At the initial stage, the design
parameters of variable pitch screw of extruder in the area for loading of processed feed material were considered. At the next stage, the process
of its compaction and compressing by means of screw was considered. As a result of theoretical researches of variable pitch screw of the
KMZ-2 extruder, it was found that the density increasing of the processed feed material on the basis of sunflower cake is proportional to the de-
creasing of pitch of screw flight. The density of processed feed material depends on its physical and mechanical properties.

Keywords: extruder; variable pitch screw; design parameters; sunflower cake; areas for loading and pressing of feed.

Beenenne

AHann3 3(ppeKTMBHOCTU CIIOCOOOB
MOJATOTOBKY K CKapMJIMBAaHUIO KOPMO-
BOTO MaTepuaa (3KCTpyaaTa) mokasai,
YTO HAMOOJIBIINI MPAKTUIECKUI U Ha-
YUHBII MHTEpeC MpeACTaBiIsieT TeIio-
BOI1 crmoco® o6paboTku [1], mas KoTo-
pOro MCIOJb3YETCsl MPECcC-IKCTPYAEP
KM3-2 (puc. 1).

UccnenoBanust B. B. Hosukosa
[1, 2] mo3BOMMIM YyCTaHOBHUTH, YTO B
npoiecce o00pa3oBaHUs 3KCTpyaaTa
MPOUCXOOUT €ro ImnepeMelleHue To
BCeli JJIMHE paboueil KaMephl, 00pa3o-
BaHHOI TIPOCTPAHCTBOM MEXIy BUT-
KaMu 1IHeKa M BHYTPEHHEW TOBepX-
HOCTBIO KOpIyca, 3a CYeT YEero nojy-

yagMasl CMeCh HarpeBaeTcs W YIUIOT-
HSIETCS.

Ha ocHoBaHUM TeOpeTUYECKMX HC-
caenoBanuii B. FO. ®@ponosa [3] ycra-
HOBJIEHO, YTO IITHEK TOJIKEH UMETh TTe-
peMEHHBIH 1Iar (cM. puc. 1), yMeHbIIIa-
IOLIUIACS TI0O Mepe MPOABKEHUS BIOTIb
€ro ocu 00padaThIBAEMOrO0 KOPMOBOTO
Marepuana (OKM). Ilo mepe nepeme-
1eHus BIoJib ocu 1tHeka OKM ymtor-
HSIETCSI U TOXOAMT 10 COCTOSIHUSI, TI03-
BOJISIIOIIETO TPUHUMATh HEOOXOIUMYIO
(opMy B coOTBETCTBUM € TpeOOBaHMSI -
MM K TIpOLECCY.

AHanM3 TEeXHOJOTMYEeCKOro mpo-
1ecca mpecc-aKCTpyaepa, MpOBeAeH-
Hbiii A. A. KypoukunsiM u B. B. Ho-
BUKOBBIM [5], MokKa3zail, 4To IIHEK CIIy-
JKUT Kak ISl TepeMelleHrs: o0padbaThi-

BaE€MOTO CBIPbS, TaK W JUISI €r0 YIIOT-
HeHusl. B cBsI3U € 3TMM OH OOBIYHO
BKJTIOYAaeT HECKOJIBKO CTYIEHEeM, Kax-
J1as U3 KOTOPBIX UMEET CBOE Ha3zHaye-
Hue. Hampumep, B 3KCTpynepax THIa
KM3-2 mepBas u3 Tpex CTylneHeu
LIIHeKa TpelHa3HavyeHa s paboThl B
30HE 3arpy3Ku, TIe IpPOIOJIKAETCs
WHTEHCUBHOE TMepeMellnBaHue (rmocie
JIO3UPYIOILIEr0 MeXaHNW3Ma) U mepeme-
LIEHWE YacThll o0pabaTbIBa€MOro Chl-
pbsl BOOJIb OCH IIIHEKA, a TakxKe HauM-
HaeTcsl UX YIUIOTHEHUE.

Ilens uccrenoBanus

OnpeneieHNe palMOHAIBHBIX Ta-
paMeTpoB IIIHeKa IMEPEeMEHHOTO 1l1ara B
30HaXx 3arpy3KH M IMPECCOBaHUs Mpecc-
SKCTpYyepa MpeacTaBisieT BeCbhMa BaX-
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Puc. 1. IIInek nepemenHoro mara npecc-akctpyaepa KM3-2 [4]

HYIO 3a7a4y KaK C TEOpPETUUYECKOM, TaK
U C TIPAaKTUYECKOM TOUYKU 3peHus [5].

B cBs13u ¢ 3THM LIeNTh MICCIeIOBAHUS
COCTOUT B OIpeAeICHUN palliOHAaJb-
HBIX KOHCTPYKLMOHHBIX TIapaMeTpOB
IIHEKa TMepeMEeHHOro Iuara Ipecc-
9KCTpyJiepa B 30HAX 3arpy3KH M TIpec-
coBanusgs OKM Ha ocHOBe ITOICOTHEY-
HOTO XMBIXa.

Onpeneniende paMOHAIbHBIX
napaMeTpoB HIHEKa

Ha HavanbHOM 3Tane paccMOTpUM
KOHCTPYKLIMOHHbBIE TTapaMeTphl IIIHEKA
MEePEMEHHOTIO 11ara Mpecc-aKcTpynepa
B 30He 3arpy3ku OKM Ha ocHOBe noj-
COJIHEYHOTO >XMbIXa.

J17151 9TOTO OMpeAeaM Yroj KOHYC-
HOCTH IIIHEKa TIepeMeHHOTo 1ara (cm.
puc. 1, 2) B 3aBUCUMOCTH OT €T0 Aua-
MeTpa W IUTMHBI 110 BBIPAXKECHUIO:

-d
— K H
R
il
rae dy, dy — HavyaJbHBI U KOHEYHBII
OUaMeTpsl lIHeKa, M; L, — AnuHa
LIIHEKa, M.

JInuHa 1IHeKka ompenensercs Io
BhIpaxkeHM1o [1]:

Ly = ty(z— 1) + SAb, (1)
1

W3 monmy4eHHOTro BBIpaxkKeHUS Clie-
IIyeT, 4TO YroJ KOHYCHOCTH IITHEKa
TIIepeMEHHOI0 IIara IIpecc-3KCcTpyaepa
IPSIMO TIPONOPLIMOHAJIEH €T0 JTHaMeT-
paM M 0OpaTHO IIPOIIOPIIMOHAJIEH €To
IUTAHE.

N3 puc. 2 oueBUAHO, YTO BeTMYMHA
YMEHbIIICHUSI TUaMeTpa ITHeKa repe-
MEHHOTO 1ara:

d, = dy — 2ttgo,
rae d; — ouaMmeTp LIHeKa B KOHLE OT-
pe3ka npu f = a, M.

Ilpu moBopoTe IIHeKa Ha OIUH

o06opor (360°) ero tMaMeTp B KOHIIE OT-
pe3Ka COCTaBUT

dy = d,; — 2atgo;
IpU IOBOPOTE Ha aBa obopoTa (720°)
OT TIEPBOHAYATILHOTO TOJIOXEHUS
d, = d| — 2atga;
dy, = dy; — 4atga;
npyu IIOBOPOTE Ha Tpu 0OOpoTa

(1080°) oT mepBOHAYAJIBHOTO IMOJO-
KEHUST

d3 = d2 - 2atga;
dy = dy — 6atgo.
I[Ipu moBopoTe IIHEeKa IlepeMeH-

HOTO Liara Ha yrox ¢ = 360°N ero nua-
MeTp

dN = de 11— 2(1th(.

JKMbIXa IITHEKOM TIEpEMEHHOrO Iara
npecc-aKcTpyaepa. st aToro onpesne-
M 3akoH cxartus [1] OKM Ha ocHo-
B€ ITOICOJIHEYHOTO XXMbIXa [6] IIHEKOM
MEePEMEHHOTrO 11ara Mpecc-3KcTpynepa
B 30HE ITPECCOBaHMSI.

Ilonyyaemblii U3 CeMSIH IIOACOJI-
HEYHBI XMBIX TIOCTyNaeT B IIpecc-
9KCTpYAepP BHIPOBHEHHBIM IO (PU3UKO-
MexaHW4YecKuM cBoiicTBam. CemeHa
MOJICOJTHEYHUKA UMEIOT OTpeieIeHHbIE
TOJNIIWHY, IUPUHY U WHIWBUAYab-
HyI0 Maccy [7], moiaydaeMble B pe3yiab-
TaTe COPTUPOBAHUS HA 36PHOOUYMCTU-
TeJbHBIX MamMnHax thnma MBY-1500
[8, 9] u yHUBepCaTbHBIX CEMSIOUUCTU -
TeJbHbIX KoMIuiekcax [10, 11]. B ux
COCTaB BXOAUT HE TOJHKO 3€pHOOYMC-
TUTEJIbHOE 000pymoBaHue, HO 1 POTO-
3JIEKTPOHHBIE ceraparopsl [12], pabdo-
Talolye 1o 6ecpakiMOHHON 1 pak-
LIMOHHOU TexHosorusiM [13].

CorjnacHo YCJIOBUIO HEIMpPephIB-
HOCTHM TIOTOKA OINpeeuM IUIOTHOCTh
OKM Ha ocHOBE MOACOTHEYHOT'O KMbI-
Xa B 30He IpeccoBaHus [1]:

P39S = pS0Sp;
9950
= pp 220 3
P=Pogs > (3)

rae pg, p — mwiotHocTH ciost OKM Ha
HayaJlbHOM M KOHEYHOM 3Tamax, I0-
CTUTHYTBIE TIpU AedopMaliuu, Kr/M3 ;
99, 3 — CKOpOCTHM IBMXEHHSA CIIOS
OKM Ha HayaJbHOM ¥ KOHEYHOM 3Ta-
ax Mo OCH IITHeKa IMepeMeHHOrO 111ara,
Mm/c; Sy, S — minowanun OKM Ha Ha-
YyaJbHOM M KOHEYHOM 3Tamax, M-,
OTHOCUTENILHOE TTPUPALLEHUE TIJI0T-
Hoctu ciog OKM paccuntaeM 1o

dopmye [14]:

r1e fy — LIar BUTKa LIHEKa MpU Yuciie PPy
000poTOB N, M; 7 — KOJIMYECTBO BUT- Ha cremyiomem sTame paccMoT- - o
KOB IIHEKa M0 JUTMHE Bala; Ab — IM-  pyy mipolece YILIOTHEHMSI-IPECCOBa-
prHa BUTKa IIHEKa B HOPMAJIBHOM C€- Hust OKM Ha OCcHOBe MOICOJHEYHOTO p = pole + 1). 4
YEHWUU, M.
Moncrasum ty = at, — | = a“b B

BeIpaxeHue (1): 5

N < \ s l
Ly =a"b(z— 1) + 2Ab, () ]

1 — — — . [ —_
+o S 5 —s] —8| —5] -5 =518
rae N — 4uciio o00pOTOB 1THEKA; a — A
KO3 (PULIMEHT MPONOPLHOHATBHOC- i I ] g h i
TH, a > 1; b — 1mar BUTKa LIIHEKa, M. . ? ____M__’ ~
C yueToMm BbIpaxkeHus (2) yroia Ko-
HYCHOCTHU HITHEKa:
ty ) i3 ty ts ts t4 t8 N to L
d.—d, W Bt ol b 1 sleg - <

tgo = ——F——0.

aN b(z—1)+2Ab Puc. 2. Cxema Kk yniaotHennio OKM Ha ocHOBe NMOJCOTHEYHOTO KMbIXA IHEKOM NepeMeHHOro

1 mara mpecc-3KCTpyaepa
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O6beM ymnotHeHHoro OKM (cwm.
puc. 2) B Hauajie U KOHLIE IIIHEKa Ie-
PEMEHHOTO IIIara:

VO = 25050; V= 255, (5)

roe 8y, 0 — TOJIIMHA IIPECCYyeMOro
OKM Ha HayaJbHOM U KOHEYHOM 3Ta-
Max MpeccoBaHUs, M.

IloacraBuM BeipaxkeHus (4) u (5) B
(3), mpeobOpa3yemM U OKOHYATEIBHO I10-
nyauM 1iotHocTh OKM B 30He mpec-
COBaHUS:

948
= +1). 6
p pOSSO (e ) (6)

AHanu3 ypaBHeHHs (6) MOKa3bIBa-
eT, uro miotHoctb OKM Ha ocHoBe
MOJCOJIHEYHOTO XMbIXa B 30HE Ipec-
COBaHMSI 3aBUCUT OT €ro (U3UKO-
MEXAHUYECKUX CBOMCTB.

OcHOBHOE YypaBHEHME IpeccoBa-
Husg OKM, nipeacraBieHHOE B CTENEH-
HoOI (popme, mMeeT Bun [15]:

m
P=ce";

g=m£. )

Bripa3uB u3 ypaBHeHHsT (6) OTHO-
CUTEJIbHOE TpUpalleHue TUIOTHOCTH &
M MPUPABHSB JIEBYIO YacTb K BbIpaxe-
Humwo (7), moayuum nasieHue OKM B
30HE MPECCOBAHUS:

PSS _ ..
P99 ’
P93 _ | _ f
= mlE
m
=c -1 . 8
[90905 ©

O6o3Haunmm ¢ = Py, Tak Kak HcC-
MoJIb3yeTcsl eanHuiia usmepeHus: Mlla
[15]. Torma BbIpaxkeHue (8) OKOHYa-
TEJIbHO TIPUMET BMJI:

P98y _ 1] . 9)

F PO[POSO8

Ananus BbipaxeHus (9) moxasbl-
BaeT, YTO JIaBJICHUE B 30HE IpeccoBa-
Husg OKM Ha ocHOBE TOACOJHEUHOTO
JKMbIXa 3aBUCUT OT ero (hM3MKO-Mexa-
HUYECKUX CBOWCTB.

Macca OKM, mnonyyaemast B pe-
3yJIbTaTe CXAaTHUSI:

M = 2p3S.

ITpu nepemeiienun OKM Ha nyTh,
PaBHBIii 1I1ary BUTKA IIIHEKa, YMEHBbIIIE-

HME ero Macchl IIpH MoBopoTe Ha 360°
COCTaBUT:

d.—d
AM = p H2 £18.

YuuteiBas, uro #; = ba, npu mno-
BOpPOTE IITHEKAa IepeMEeHHOro Imara Ha
OIMH 00OPOT OTHOCHUTEIILHOE YILIOT-
Henne OKM:

d,—d, +2atga bas:
2
AM, = poazbStga.

AM; = pg

IIpu moBopoTe IIHEeKa Ha aBa 000-
pota (720°) ¢ yyeToM t, = ba*

dl_d2

AMy = py 1,

d -2atga—(d,—4atga)
= A 5 2 p1628;

AM,

AM2 = pla3b6tga.

IIpu oBopoTe 1IHEKa Ha T3py1 000-
pora (1080°) ¢ yuetom t3 = ba
AM3 =

d,—4atgo - (d,, - 6atga)
= Po 5

p2139;

AM3 = p2a4b6tgoc.

Ilpu ¢ = 360°N moBopoTa LIHEKa
TMepeMEeHHOro IIlara OTHOCHUTEJbHOE
yrtotHeHne OKM:

N
AMy = [pn—1d" " 'bstga. (10)
1

®opmyna (10) BeIpaxkaeT OTHOCH-
tenpHOe yiutoTHeHne OKM Ha ocHOBe
MOJICOJTHEYHOTO KMBbIXa IMPU TTIOBOPOTE
LIHEKa TMEePEeMEHHOro 1lara Ha Yyroiu
¢ = 360°N.

Ha ocHoBe HenmpepbIBHOCTU MOTOKA
AMI = AM2 = AM3;

poazbStgoc = p1a3b8tgot = p204b6tg0c;
_ 2 _ 3,
po2 = p1a = paa;

Py = p1a = prd’, (11
rae py, pp — miorHoctu OKM nipu no-
BOPOTE IITHEKa MepeMEHHOro Iirara Ha
onvH u aBa oboporta (360 u 720° coort-
BETCTBEHHO), KI/M".

M3 Beipaxkenus (11) oueBUIHO, YTO:

_ .
P1 a’
— a .
P2 = P15
a
p p
P2=5 =" (12)
a

3akinouenue

B pesynbTaTe TEOpPETMYECKMX MC-
CJIe[IOBAHUIA 1IHEKA TTEPEMEHHOrO I111a-
ra mpecc-akctpymepa KM3-2 ycra-
HOBJIEHO, YTO YBEJIMYEHHUE IUIOTHOC-
™ OKM Ha 0OCHOBE NOICOJTHEYHOTO
SKMBIXa MPOUCXOIUT MPOMOPIUOHATb-
HO YMEHBIIICHMIO 1l1ara ero BUTKa (BbI-
paxenue (12)). InmotHocth OKM Ha
OCHOBE IOJCOJHEUYHOI0 XKMbIXa 3a-
BUCUT OT €ro (pu3MKO-MeXaHMYECKUX
CBOMCTB.
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