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IEVADS

Promocijas darba témas aktualitate

Kokapstrades uznémumos aizvien vairak apstrada miksto lapkoku koksni,
izgatavojot ne tikai apdares materialus, bet arT biivkonstrukciju elementus un
mébeles. Nozimigakais koksnes mehaniskas apstrades panémiens, kuru
izmanto jebkura koksnes izstradajuma izgatavoSanas tehnologiskaja procesa, ir
zageSana. Turklat no visiem koksnes grieSanas procesiem, kuri pamatojas uz
zageSanas principu, visizplatitaka, apstraddjot zagmaterialus, ir tieSi
garenzagéSana ripzagmasinas. PE&tijumi, kuru mérkis ir grieSanas reZimu
noteik§ana ne tikai garenzageSanas, bet ari citos procesos, galvenokart
veikti, apstradajot skujkoku un cieto lapkoku koksni. Tas izskaidrojams ar to,
ka miksto lapkoku koksne sakotngji ir tikusi uzskatita par mazvertigu un
mehaniskajai apstradei nepiemérotu, ka rezultata ar to S$adi pétijumi
veikti nepietickama apjoma gan Latvija, gan arl citds valstis. Lidz ar to
pasreizéja miksto lapkoku koksnes apstrade pamatojas uz likumsakaribam,
kas iegiitas skujkoku un cieto lapkoku koksnes grieSanas procesos. Tas rada
nepiecieSamibu izstradat optimalus grieSanas reZimus un grieZnu nodiluma
prognozeSanas panémienus tiesi miksto lapkoku koksnes
garenzagésanas procesam, jo paredzams, ka $o koku sugu koksnes izmanto$ana
tikai palielinasies.

Viens no Latvija raZotajiem specifiskajiem koksnes produktiem, kura
sagatavju garenzag€Sanas procesi Sobrid v&l nav pétiti un kura razoSana
bitu iespgjams izmantot miksto lapkoku sugu koksni ir koksnes Stnveida
materials. Koksnes Siinveida materialu raZoSana tradicionali tiek
izmantota skujkoku koksne, kuru atjaunoSanas periods ir lielaks, salidzinot ar
miksto lapkoku sugu koksni. Turklat par skujkoku koksnes resursu pieejamibu
ir jakonkurg arT ar citu produktu raZotajiem. No miksto lapkoku sugam tieSi
apses koksne var€tu biit potencials izejmaterials koksnes Stinveida materialu
razo$anai, ieverojot $is sugas koksnes pieejamos resursus un to atjaunoSanas
spgjas.

Promocijas darba mérkis

Noskaidrot grieznu nodilumu ietekmé&joSos grieSanas reZima faktorus un
to likumsakaribas, apstradajot apses koksni ar garenzag€Sanas panémienu, ka
arT izstradat metodi grieZnu nodiluma prognozesanai.



Promocijas darba pétnieciskie uzdevumi:

1. analizet informaciju par koksnes grieSanas procesu, grieZnu nodilumu
un tos raksturojosajiem raditajiem;

2. izpétit garenzageSanas procesa rezultativo raditdju izmainas atkariba
no grieSanas reZima parametriem;

3. noteikt analiz&to un izpétito faktoru ietekmi uz grieznu nodilumu un to
likumsakaribas;

4. izstradat metodi grieZnu nodiluma iepriek$€jai prognozeSanai atkariba
no to ietekméjoSajiem grieSanas reZima parametriem.

Promocijas darba izmantotie materiali un metodes

GrieSanas procesu eksperimentalie darbi ir veikti ar programmvadibas
darbmasStnu Biesse Rover 325, kura nostiprinatas specialas konstrukcijas
zagripas ar diviem grieznpiem. Datu ieg@iSanai izmantoti elektroniskie
mérinstrumenti: datu registrétajs PicoLog ADC-20, sp&ka sensori Measurement
specialities FC2211, stravas stipruma datu registrétajs PicoLog CM3 un sensori
Pico TA138, virsmas raupjuma mérisanas ierice Mahr Perthometer M2.

Eksperimentos apses koksnes sagatavés iezag€jumi izdariti atbilstosi
koksnes $tinveida materialu sagatavju apstradg lietotajai tehnologijai. GrieSanas
reZimu parametru ietekme uz grieZnu nodilumu, grieSanas jaudu, grieSanas
speku un apstradatas koksnes virsmas raupjumu noteikta, mainot atseviSkus
grieSanas reZima parametrus — grieSanas atrumu (rotacijas frekvenci), grieZna
prieksgjo lenki (grieZzna mugurlenki), padeves atrumu (padevi uz vienu griezni,
skaidas biezumu) un iezaggjuma augstumu (lepki starp grieSanas un padeves
kustibas virzienu).

Petijuma ieglito datu matematiskai apstradei un grafiskai att€loSanai
izmantota datorprogramma MS Excel, bet att€lu veidoSanai — AutoCAD,
SolidWorks, CorelDRAW un Adobe Photoshop.

Promocijas darba hipotéze

GrieSanas reZima parametriem — grieSanas atrumam (rotacijas frekvencei),
griezna prieks€jam lenkim (grieZna mugurlenkim), padeves atrumam (padevei
uz vienu griezni, skaidas biezumam) un iezaggjuma augstumam (lepkim starp
grieSanas kustibas virzienu un padeves kustibas virzienu) — ir biitiska ietekme
uz grieSanas procesa rezultativajiem raditajiem — grieZnu nodilumu, grieSanas
jaudu, grieSanas speku, apstradatas koksnes virsmas raupjumu.



Promocijas darba aizstavamas tézes:

atseviSko grieSanas procesa rezultativo raditaju izmainu raksturs
attieciba pret grieSanas trajektorijas garumu ir savstarpgji lidzvertigs;
zagripu grieznu nodilumu ir iesp&ams prognozgt, identificgjot citu
rezultativo raditaju un to ietekméjoso faktoru likumsakaribas;
pielaujamais grieSanas trajektorijas garums bitiski palielinas, lietojot
grieSanas reZimu, kura parametru veértibas ir optimalas.

Promocijas darba zinatniska novitate

Iegtiti jauni dati par grieSanas reZimu parametru ietekmi uz grieSanas
procesu un ta rezultativajiem raditajiem.

Noteiktas likumsakaribas starp grieSanas reZimu parametriem un
grieznu nodilumu, grieSanas jaudu, grieSanas spéku, apstradatas
koksnes virsmas raupjumu.

Izstradata, pilnveidota un aprob&ta koksnes grieSanas procesu
pétiSanas metodika.

Pirmo reizi Latvija izstradata grieZna nodiluma prognozé$anas metode,
konstantes un koeficienti, kas pamatojas uz Teilora formulu.

Promocijas darba praktiska nozime

Izstradatas grieSanas reZimu sakaribas ir izmantojamas koksnes
$tinveida un citu materialu sagatavju garenzaggsanas procesos.
Pamatojoties uz izstradatajam Teilora formulas grieznu nodiluma
sakaribam, ir iesp&jams prognozet grieznu kritiska nodiluma sakuma
robeZu (starpasinasanas perioda ilgumu).

Ieglitie dati par grieSanas reZimu parametru ietekmi uz grieSanas
procesu un to raksturojoSajiem raditdjiem ir public@ti starptautiski
pieejamos izdevumos. Lidz ar to tie ir pieejami izmantoSanai citu
autoru pétjjumiem, ka arT macibu gramatu sagatavoSanai.

Promocijas darba struktiira

Promocijas darbs ir struktur@ts septinas nodalas:

1

2
3.
4.
5

6
7

,,Koksnes grieSanas procesu izzinatibas analize;
,»,Materiali un metodika”’;

,,Rezultati un to analize”;

,,GrieZznu nodiluma prognozesana”;

,,Patérétas jaudas izmaksas”;

»Secindjumi’;

,,Priekslikumi”.

Promocijas darba 131 lpp. ir ieklauti 48 att€li, 6 tabulas, 89 formulas
un 112 izmantotas informacijas avoti.
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1. KOKSNES GRIESANAS
PROCESU IZZINATIBAS ANALIZE

Nodala analizéta lidzSingjos pétljumos noskaidrota grieSanas reZimu
parametru ietekme uz grieSanas procesu un ta rezultativajiem raditajiem,
galvenokart pieverSot uzmanibu grieznu nodilumam, grieSanas jaudai, grieSanas
spekam un apstradatas koksnes virsmas raupjumam. Bez tam apliikota ari
grieznu nodiluma prognozéSanas iesp&ja un grieznu nodilumizturibas
pilnveidoSanas pieredze. Analizes rezultata izdariti §adi galvenie secinajumi:

1. grieSanas procesa rezultativos raditdjus — griezna nodilumu, grieSanas
jaudu un speku, apstradatas koksnes virsmas raupjumu — galvenokart
ietekmé tikai Cetri grieSanas reZima parametri — grieSanas atrums,
griezna priek$€jais lenkis, padeves atrums un iezagg€juma augstums.
Lidz ar to petijums jaturpina analiz&jot tikai Sos Cetrus parametrus;

2. pétijjumi, kas raksturo griezna nodiluma periodu ilgumu, salidzinosi
nedaudz ir atrodami par koksnes garenfrézéSanas
griez€jinstrumentiem, bet par koksnes garenzaggSanas procesa
griez€jinstrumentu nodiluma periodiem informacija nav atrodama. Tas
nozime, ka pétfjumi ir jaorganiz€ ta, lai butu iesp&ams noteikt
atsevisko griezna nodiluma periodu ilgumu;

3. griezna nodiluma iepriekS€jai prognozéSanai ir piemeérota Teilora
formula, bet ta ir izstradata metalapstrades grieSanas procesiem, ka
rezultata nav informacijas par tas konstanSu un koeficientu veértitbam
attieciba uz kokapstrades griez€jinstrumentu nodilumu. Turklat
Teilora formula ieveéro tikai grieSanas atruma ietekmi, bet ir
noskaidrots, ka grieSanas procesu ietekme arT citi raditaji — galvenokart
griezna lepkiskie parametri, padeves atrums, skaidas biezums un
iezagg€juma augstums. Lai Teilora formulu varétu izmantot koksnes
garenzageSanas griez&jinstrumentu grieznu ekspluatacijas ilguma
prognozesanai, ir nepiecieSams noteikt tas konstantes un papildus
ietekméjoSo raditaju koeficientus;

4. ipatngja grieSanas darba (sp€ka), kas ir svarigs parametrs grieSanas
jaudas aprékinos, noteikSanai izmantota koeficienta, kas raksturo
griezna nodilumu, vértibas neievéro visus nozimigakos grieZna
nodilumu ietekméjosos faktorus, tade] pétljuma nepiecieSams rast
risinajumu §T koeficienta aprékinasanas metodes preciz€Sanai;

5. izmantojot grieznu kriog€nisko apstradi, ir iesp&jams ieverojami
palielinat to nodilumizturibu (Iidz pat Cetram reiz€m, salidzinot ar
kriog€niski neapstradatu  griezni), tomér, ieverojot apstrades
darbietilptbu un ilgumu, ka ar1 to, ka pe€c grieZnu asinasanas
kriog@niskas apstrades rezultata iegiitas Tpasibas ziid, ta nevar konkurét
ar citiem nodilumizturibas palielindSanas panémieniem — virsmas
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parklajumu uzklasanu un spiralveida konfiguracijas griezgjSkautnu
izveidoSanu.

2. MATERIALI UN METODIKA

Pettjums ir veikts, pamatojoties uz individuali izstradatu metodiku.

1.

Petijuma lietoti apses (Populus tremula L.) koksnes paraugi, kuru
biezums ir 28 mm, platums — 98 mm, bet garums — 450 mm. Koksnes
paraugu Skersgriezuma izméri atbilst koksnes StGnveida materiala
razo$ana izmantoto sagatavju izmeriem.

Eksperimentalo  darbu  veikSanai ir  konstru€tas  specialas
zagripas (1. tabula).

1. tabula / Table 1
Zagripu parametri / Parameters of circular saws

Parametrs / Parameter Vertiba / Value
GrieSanas aploces diametrs D, mm /
. . . 120
Diameter of cutting circumference D, mm
Platnes biezums s, mm / Thickness of body s, mm 2
Iezag&juma platums b, mm / Kerf width b, mm 3
Griezna mugurlenkis a, gradi / 35. 30, 25, 20
Clearance angle a, degree
Griezna asinajuma lenkis S, gradi / 40
Tool angle p, degree
Griezna prieksgjais lenkis y, gradi / 15. 20, 25, 30
Rake angle y, degree
GrieZna radialais mugurlenkis a;, gradi /
; 2
Radial clearance angle o, degree
GrieZna tangencialais mugurlenkis a,, gradi / 3
Tangential clearance angle oy, degree
Griezna augstums i, mm / Tooth height h, mm 15
Volframa karbida K10 grieznu skaits z / >
Number of tips made of tungsten carbide K10 z

3. Petfjuma veikti 13 atseviski eksperimenti, kuros katra izmainita kada
no galveno grieSanas reZima parametru veértibam: grieSanas

atrums (20, 35, 50, 75ms'1), griezna prieksgjais lenkis (1. tabula),
padeves atrums (4, 8§, 12, 16 m min’!, ekvivalents padevei uz griezni
no 0.251 Iidz 1.257 mm), iezag€juma augstums (6, 12, 18, 24 mm,
ekvivalents vidgjam lepkim starp grieSanas un padeves kustibas
virzienu 18.2 Iidz 36.9 gradi). Pargjie grieSanas reZima parametri
noteikti, pamatojoties uz Siem Cetriem galvenajiem parametriem.
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kur

Zagesana veikta ar padeves virzienu, kas versts grieSanas virziena,
izdarot vienu otram blakus esoSus gareniskus iezag€jumus parmainus
viena un otra koksnes parauga plataja skaldn€ un atstajot 3 mm biezas
sienas starp iezag€jumiem, atbilsto§i koksnes Stinveida materiala
sagatavju izzagé$anas shemai.

Zagesanas laika paraugus nostiprindja specialas konstrukcijas iericg,
kura paredzeta grieSanas speka noteikSanai (lai noteiktu no ta izrietoSo
mehanisko grieSanas jaudu). lerice sastav no divam platformam (viena
parvietojas horizontala virziena, bet abas kopa — vertikala virziena),
zem kuram ir izvietoti pieci speéka sensori Measurement Specialities
FC22. Spéka sensoru datu saglabaSanai un apstradei izmantots datu
registrétajs PicoLog ADC-20 un datorprogramma PicoLog Recorder.
GrieSanas mehanisma elektromotora paterétas elektriskas jaudas
noteikSanai izmantoti fazu sprieguma un lIinijas stravas stipruma
merjjumi. Spriegums mérits ar analogo un digitalo voltmetru, bet
stravas stiprums — ar sensoriem Pico TAI38, datu registrétaju
PicoLog CM3 un datorprogrammu PicoLog Recorder, ka ar1 digitalo
tiesa sleguma ampérmetru Schneider Electric iAMP.

Griezna griez€jSkautnes radiusa meriSanai izmantota nospieduma
metode, iespiezot griez&jSkautni svina platn€ un nospiedumus
analizgjot digitalaja gaismas mikroskopa Keyence VHX — 100K.
Apstradatas koksnes parauga virsmas (iezag€uma sanu virsmas)
raupjuma R, mériSana veikta ar méritaju Mahr Perthometer M2.
Iegtitie dati galvenokart attiecinati pret grieSanas trajektorijas garumu
vienam zagripas grieznim, kas aprékinats ar $adam formulam:

L l~nol[7 @.1)
= m;-m,, .
k 10%-u-z7 !
3
l= 107 -u + 7D arccos 1—2—H R 2.2)
n-z 0 D

L, —kopgjais grieSanas trajektorijas garums, m;

[ — griesanas trajektorijas garums viena zagripas apgrieziena
laika, mm;

n — zagripas rotacijas frekvence, min™;

[, — apstradajama koksnes parauga garums, mm;

u — padeves atrums, m min'l;

7 — zagripas grieznu skaits;

m; —iezag€jumu skaits viena koksnes parauga (m; =10);

1
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m,, — paraugu skaits;
7 — konstante, kas raksturo attiecibu starp rinka linijas garumu
un diametru (7 =3.14);

D - zagripas grieSanas aploces diametrs, mm;
H - iezaggjuma augstums, mm.

10. GrieSanas reZima parametru ietekme wuz grieSanas procesa
rezultativajiem  raditajiem analiz€ta, izmantojot korelacijas,
regresijas un kovariacijas metodi. Statistiskas hipotezes parbauditas
ar butiskuma ITmeni o =0.05.

3. REZULTATI UN TO ANALIZE

3.1. Griesanas jaudas izmainas

Analizgjot elektriskas jaudas (N,;) un mehaniskas grieSanas jaudas (NV,,)
izmainas atkariba no grieSanas reZima galvenajiem parametriem, noskaidrots,
ka patéréta jauda vienmeérigi palielinas visa grieSanas trajektorijas garuma (L).
Eksperimentu sakuma N,; ir 1.11 reizes lielaka par N,,, bet eksperimentu beigas
§1 attieciba ir 1.34. Tadgjadi, merot N,;, nevar iegiit patieso grieSanas jaudu, kas
tiesi izriet no grieSanas speka. Motora pateréta elektroenergijas jauda ir tikai
netieSs raksturotajs, bet ta ir salidzinosi elementari nosakama. P&tfjuma rezultati
norada, ka grieSanas reZima galvenajiem parametriem ir butiska ietekme uz
patéréto jaudu un tds mérjjumus ir iesp&jams izmantot grieznpa nodiluma
kontrolei.

Visvairak (99.3 %) no N, izmainam atkariba no griesanas atruma (v)
izskaidro otras pakapes polinoma funkcija:

N, =1.459-107%-L—10.962-v+9.239-107% -v* +382.541, (3.1)

kur N

elv
robezas no 20 Iidz 75 m s'l, W;

L — grieSanas trajektorijas garums, m;
v — grieSanas atrums, m st

— elektriska jauda atkariba no grieSanas atruma vértibam

Hipervirsma (3.1. att.) ar varbiittbu P = 99.9 % norada, ka N,, palielinasies
par 1.459 - 107 vienibam, ja L palielindsies par vienu metru. Savukart, ja v
palielindsies par vienu vienibu diapazona no 20 Iidz 59 ms™, N,, samazinasies
par iepriek$€jas vienas vienibas izraisitas jaudas vertibas samazinajuma
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un 1.848 - 10" summu. Turpreti, ja v palielinds par vienu vienibu diapazona
no 59 lidz 75 ms™', N,, palielinasies par iepriek§gjas vienas vienibas izraisitas
jaudas vértibas palielindjuma un 1.848 - 10" summu. Rezultati norada, ka
optimalais v, kas rada mazako patéréto jaudu, ir 59 ms™.

3.1. att. Elektriskas jaudas izmainu hipervirsma atkariba no
grieSanas trajektorijas garuma un grieSanas atruma.
Fig. 3.1. Hyper-surface of electrical power changes dependent
on length of cutting trajectory and cutting velocity.

Regresijas analize ar varbiittbu P=99.9 % apstiprina bitisku L un
griezna priekséja lenka () ietekmi uz N, (3.2.att.), kuru raksturo $ada

formula:
N, =8.942-107 - L—4.058-y +170.712, 3.2)
kur N, , — elektriska jauda atkariba no griezpa priekseja lenka

vertibam robezas no 15 1idz 30 gradiem, W;
L — grieSanas trajektorijas garums, m;
y — griezna prieks€jais lenkis, gradi.
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3.2. att. Elektriskas jaudas izmainu hiperplakne atkariba no
grieSanas trajektorijas garuma un griezna prieksgja lenka.
Fig. 3.2. Hyper-plane of electrical power changes dependent

on length of cutting trajectory and rake angle.

Regresijas hiperplakne (3.2. att.) norada, ka N, palielinas, pieaugot L, kas
izskaidrojams ar pakapenisku griez&jSkautnes noapalojuma pieaugumu, kas
pieaugosi ietekmé koksnes slana biezumu, kas grieznim ir jadeform& zem
noapalojuma radiusa centra (lai deform@tu biezaku koksnes slani, ir
nepiecieSams lielaks darbs un Iidz ar to arT jauda). Savukart lenka y ietekme
uz N, izpauzas tadgjadi, ka N, pieaug, ja lenka y vertiba samazinas. Sada
ietekme izskaidrojama ar to, ka, samazinoties lenkim y, grieZna prieksgja
virsma tiecas uz paral€lu stavokli attieciba pret grieSanas aploces radiusvektoru
un skaidas veidoSanas zona, kas atrodas virs griez€jSkautnes noapalojuma
radiusa centra, pieaug skaidas elementa salieckuma pakape. Lai panaktu
saliekuma pakapi, kas tiecas Sauraka lepka virziena, ir nepiecieSams pieaugoss
darbs un jauda. Turklat pieaugoS$s griezna prieksejas plaknes vérsums samazina
arT iespgjamibu, ka grieZna griezgjSkautnes prieksa veidosies apsteidzoSa
koksnes mikroplaisasana, kas pret€ja gadijuma samazinatu koksnes pretestibu.
Tas nozim&, ka garenzagelanas procesos ir izdevigi izvEleties
griezgjinstrumentus ar lielaku lenka y vértibu, jo tadgjadi samazinasies
patéréta jauda. Palielinot lenki y no 15 lidz 20 gradiem, N, samazinas

par 17 %, palielinot no 20 Iidz 25 gradiem, par 21 %, bet, palielinot
no 25 Iidz 30 gradiem, par 25 %. Savukart, ja lenki y  palielina

14



no 15 lidz 30 gradiem, elektriska jauda samazinas Iidz pat 42 %. Tomér $ads
jaudas samazinajums ir nov@rojams tikai grieSanas procesa sakuma -—
pirmajos 1000 grieSanas trajektorijas garuma metros, jo paradas griezna
piestrades nodiluma ietekme. Noteikts, ka, palielinoties L, procentuala attieciba
starp pat@réto jaudu samazinas lidz grieSanas procesa beigas (p&c 19000 m L
sasniegSanas) iepriekSminétie = procentudlie jaudas samazinajumi ir
attiecigi 7.25, 7.82, 8.49 un 17.8 %. Sada pakapeniski samazino$a lenka y
ietekme uz N,; atkariba no L liecina par to, ka grieSanas procesa beigu posma
tiesa griez€jSkautnes tuvuma ir izmainijusds griezna lenkisko parametru
vertibas, kuru c€lonis ir grieZzna nolietojums kritiska nodiluma perioda.
Tadgjadi turpmaka griezna ekspluatacija p&c kritiska grieZzna nodiluma perioda
sasniegSanas ir nevélama ne tikai tadeé], ka samazinas kopgjais
griezgjinstrumenta ekspluatacijas laiks, bet arT tadel, ka samazinas lepka y

vertiba, kas merita tieSa griezgjSkautnes tuvuma attieciba pret giezgjskautnes
noapalojuma pieskarém.

Padeves atrums garenzagé$anas grieSanas procesa ietekmé padevi uz
griezni (u,), skaidas biezumu, L, ka ar1 slodzi, kas darbojas uz griezni un skaidu
uzkraSanas kapacitati grieZnstarpas. Turklat u, ir vistiesaka ietekme uz
grieSanas speku un jaudu, jo atSkirigam padeves atruma un zagripas rotacijas
frekvences kombinacijam var biit mainigs padeves atrums, bet vienada u,, lidz
ar to slodze, kas darbojas uz griezni, var blit nemainiga, mainoties padeves
atrumam. Padeves atrums ir viens no grieSanas reZima pamatparametriem, bet
tas nav izdevigs, lai salidzinatu vairakus grieSanas reZimus. Parametrs u, ir
raditajs, ar kuru var salidzinat atSkirigus grieSanas reZimus. N, izmainas
atkariba no L un u, raksturo $ads daudzfaktoru regresijas vienadojums:

N

el

. =1.353-107-L—454.720-u, +484.542-u> +181.514, (3.3)

kur N, , - elektriska jauda atkariba no padeves uz griezni vértibam

robezas no 0.251 lidz 1.257 mm, W;
L — grieSanas trajektorijas garums, m;
u, — padeve uz griezni, mm.

N, izmainas atkariba no u, neuzrada viennozimigu ietekmi (3.3. att.). Ja u,
palielinas par 0.001 mm diapazona no 0.251 lidz 0.471 mm, tad N, samazinas
par iepriek3gjas u. vienibas izraisitas N,; samazindjuma un 9.691 - 10~ summu.
Savukart, u, izmainoties diapazona no 0.471 Iidz 1.257 mm, novérojama tieSi
pretgja reakcija — N, palielinas par iepriekS€jas u, vienibas (0.001 mm)
izraisitas N,; pieauguma un 9.691 - 10~ summu. Tas nozimé, ka optimala u,
vértiba, kura izraisa mazako patéréto jaudu, ir 0.471 mm. ST u, vértiba pétfjuma
ietvaros atbilst padeves dtrumam 7.5 m min.
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3.3. att. Elektriskas jaudas izmainu hipervirsma atkariba no
grieSanas trajektorijas garuma un padeves uz griezni.
Fig. 3.3. Hyper-surface of electrical power changes dependent
on length of cutting trajectory and feed per tooth.

Iezagejuma augstuma ietekme uz grieSanas procesu veikta, izmantojot
vidgjo lenki starp grieSanas un padeves kustibas virzienu (¢, ), jo tas
vistiesak raksturo grieZzna un koksnes Skiedru virziena attiectbu. Kaut ari
iezagéjuma augstums ir pozicionéts ka viens no galvenajiem grieSanas reZima
parametriem, tas tom@r ir jauzskata ka iegiliSanas parametrs lepkim ¢, .
Sakaribu starp N,, L un lepki ¢, ar varbiitibu P =99.9 % raksturo $ads
linearas daudzfaktoru regresijas vienadojums:

Ny, =8687-107-L+2971 ¢, +4.04-107, (3.4)
kur N — elektriska jauda atkariba no vid&ja lenka starp grieSanas

el g,
un  padeves kustibas virzienu verttbam  robeZas
no 18.2 Iidz 36.9 gradi, W;
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L - grieSanas trajektorijas garums, m;
@,q — Vvidgjais lenkis starp grieSanas un padeves kustibas

virzienu, gradi.
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3.4. att. Elektriskas jaudas izmainu hiperplakne
atkariba no grieSanas trajektorijas garuma un vidéja
lenka starp grieSanas un padeves kustibas virzienu.
Fig. 3.4. Hyper-plane of electrical power changes dependent
on length of cutting trajectory and mean angle between
the direction of the cutting and feed movement.

Iepriek§ raksturotie vienadojumi izskaidro N,; izmainas atkariba no kada
galvena vai atvasinata grieSanas reZima parametra — v, lepkay, u, un
lepka ¢,;,. Analizgjot Sos vienadojumus, noskaidrots, ka pastav bitiska

ietekme uz N,. Lidz ar to var izvirzit hipotézi, ka pastav biitiska visu Cetru
grieSanas reZima parametru vienlaiciga ietekme uz N,; izmainam atkariba no L.
Iegtistot $adu sakaribu, ir iesp&jams aprékinat N, vertibu, kura atbilst perioda,
kad javeic grieznu asinaSana, sakumam. Izvirzito hipot€zi ar varbiitibu
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P =99.9 % raksturo §ads regresijas vienadojums, kas izskaidro 80.5 % no N,
izmainam:

N, =1.072-107-L-6.750-v—5.989-107 -v> — 4.284 .y — (3.5)
—230.849 -u, +259.407 -u> +3.029 -,y —2.235,

kur N, — elektriska jauda atkariba no grieSanas atruma vértibam
robezas no 20 lidz 75 ms™, grieZna prieksgja lenka vértibam
robezas no 15 Iidz 30 gradiem, padeves uz griezni vertibam
robezas no 0.251 Iidz 1.257 mm, un vidgja lenka starp
griefanas un padeves kustibas virzienu vertibam robeZas
no 18.2 Iidz 36.9 gradi, W;
L — grieSanas trajektorijas garums, m;
v — grieSanas atrums, m s ;
y — griezna prieksgjais lenkis, gradi;
u, —padeve uz griezni, mm;
@,.s — Vidgjais lenkis starp grieSanas un padeves kustibas
virzienu, gradi.

Regresijas analize norada, ka ne galvenajiem grieSanas reZima
parametriem, ne arT to mijiedarbibas efektam nav bitiskas ietekmes uz N,,
atkariba no N,. Lidz ar to N, atkaribu no N, saista $ads linearas regresijas
vienadojums, kas ar varbiittbu P =99.9 % izskaidro 86.7 % no rezultativas
pazimes izmainam:

N, =7915-10""-N,, -1.571, (3.6)

kur N, — mehaniska grieSanas jauda, W;

N,; —elektriska jauda, W.

e

3.2. Ipatng&ja grieSanas darba (speka) izmainas

GrieSanas jaudas aprékinaSanai svarigs raditajs ir Ipatngjais grieSanas
darbs jeb 1patngjais grieSanas speks, kas raksturo darbu, kas nepiecieSams, lai
nogrieztu skaidu, kuras tilpums ir viens cm’. Otra izteiksme $im raditajam ir
saistita ar grieSanas speka noteikSanu, kas raksturo speku, kas nepiecieSams, lai
nogrieztu skaidu, kuras $kérsgriezuma laukums ir viens mm®. Ievérojot, ka
viens J cm™ ir vienads ar vienu N mm’z, abas raditaja izteiksmes izsaka viens

18



un tas pats parametrs. Tatad, nosakot ipatn€jo grieSanas darbu (K), vienlaikus
tiks noteikts arT Tpatn&jais grieSanas speks, tade] analizé var ieklaut tikai vienu
no Siem raditajiem. K izmainas atkariba no L un grieSanas reZima faktorialajiem
parametriem raksturo §adi daudzfaktoru regresijas vienadojumi:

K, =1448-107-L-9.358-10""-v+7.857-10 - v* + 30.806, (3.7)
K,=8.907-107-L—-2.897-107" -  +12.202, (3.8)

K, =1.199:-107-L—6.825-u, +2.791-10™" -u? +43.497, (3.9)
K, =1898-107-L-1489-¢,, +451.69, (3.10)

kur K, — Tpatngjais grieSanas darbs atbilstoSi grieSanas atruma

vertibam robezas no 20 l1idz 75 m s'l, J crn'3;
K, —Tpatngjais grieSanas darbs atbilstosi grieZna priekseja lenka

vertibam robezas no 15 Iidz 30 gradiem, J cm'3;

K“z — Tpatngjais grieSanas darbs atbilstoSi padeves uz griezni

vertibam robezas no 0.251 lidz 1.005 mm, J cm'3;

K(p‘ — Tpatn&jais griesanas darbs atbilstosi vid&ja lenka starp
vid

griefanas un padeves kustibas virzienu vertibam robeZas
— — 1 3

no 18.2 11dz 36.9 gradi, J cm™;

L — grieSanas trajektorijas garums, m;

v — grieSanas atrums, m s'l;

y — griezna prieksgjais lepkis, gradi;

u, — padeve uz griezni, mm;

@, — vidgjais lenkis starp grieSanas un padeves kustibas

virzienu, gradi.

K analizg iegiti $adi secinajumi:

1. salidzinot me@riSanas rezultatd iegltas grieSanas jaudas vertibas ar
aprekinatajam, var konstatét, ka izmérita jauda ir lielaka par
aprekinato. Tas norada uz trikumiem esosajas aprekinu formulas, jo K
noteikSanas formula ne tikai ierobeZoti ievéro koksnes mehaniskas
1paSibas un blivumu, bet ar1 grieZna nodilumu;

2. griezna nodilums Tpatngja grieSanas darba aprékinasanai tiek raksturots
ar koeficientu a, atkariba no grieZna darba ilguma, bet grieZna darba

ilgums ir loti relativs raditajs, jo tas ir atkarigs no padeves atruma —
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vienada laika ilguma, ja padeves atrums ir atskirigs, var tikt sasniegts
atSkirigs L un Iidz ar to arT atskirigs grieZzna nodilums;

. K vertiba konkrétos grieSanas reZima apstaklos ir konstanta, tadel tas

palielinaSanos atkariba no L izraisa griezna nodiluma ietekme. Tas
nozimé, ka regresijas vienadojuma virziena koeficienta un L
reizinajums ir pielidzinams koeficienta a, pieaugumam;

K palielinas, ja v samazinds no 50 Iidz 20ms" un palielinas
no 50 lidz 75 ms™”. Pieaugums atkariba no L ir saistits ar grieZna
nodiluma pieaugumu, bet atkariba no v — ar zagripas dinamiskas
stabilitates samazinasanos;

K lineari palielinas visa parbauditaja lenka ¥ diapazona -
no 15 Iidz 30 gradiem;

. padeve uz griezni K ietekm& paraboliski — samazinoties u, K

palielinas, kas ir tieSi pret&ji u, ietekmei uz N,. Mazaka K vertiba
atbilst u, = 0.471 1idz 0.771 mm;
K pakapeniski palielinas, ja palielinas L, bet samazinas lenkis ¢,;; -
Lidz ar to iezag€juma augstuma ietekme, samazinot nogrieztas skaidas
biezumu, uz K ir butiskaka par grieSanas virziena attieciba pret
koksnes Skiedru virzienu ietekmi.

3.3. Virsmas raupjuma izmainas

Nodala par virsmas raupjuma (R, izmantoSanu grieZzna nodiluma
prognozesanai ir analizéta tikai lepka y ietekme, jo pargjie galvenie grieSanas

reZima parametri neuzradija butisku ietekmi uz virsmas raupjumu kopsakariba
ar griezna nodilumu, kas izskaidrojams ar koksnes anizotropiju.
R, izmainu analize iegiti $adi secinajumi:

1.

palielinoties lenkim 7 no 15 Iidz 30 gradiem, nebiitiski palielinas R,
faktiskas vertibas, bet samazinas ta pieauguma intensitate;

griezna  piestrades nodiluma  perioda R, palielinas ar
intensitati 5.326 - 107 1idz 5.888 - 10” um m™', kas nav batiski atkarigs
no lenka 7;

griezna monotonaja nodiluma perioda R, palielinas
ar  intensitati  5.189- 1071idz1.593- 10° pumm”,  kas
ir 3.611dz 11.3 reizes mazaks, salidzinot ar piestrades nodiluma
periodu;

griezna kritiska nodiluma perioda R, palielinds ar intensitati 1.061 - 10~
lidz 2.175 - 107 um m’, kas ir 9.2 1idz 41.9 reizes lielaka, salidzinot ar
monotona nodiluma periodu, un 2.0 Iidz 3.7 reizes lielaka, salidzinot
ar piestrades nodiluma periodu;

20



5. R, raksturliknu un taiSnu determinacijas koeficientu veértibas ir
salidzinoSi mazas, kas saistits ar koksnes anizotropiju. Tas nozimg, ka
ne vienmér griezpa nodilumu ir iesp&ams izskaidrot tie§i ar R,
izmainam. Rezultata, kaut arT R, vienadojumi ir statistiski butiski, tiem
ir japieskir tikai informativa nozime, bet nodiluma prognoz&Sanai
jaizmanto griezna noapalojuma radiusa izmainas.

3.4. Griezna noapalojuma radiusa izmainas

Analizgjot griezna griez&jSkautnes noapalojuma radiusa p izmainas
atkariba no griesanas atruma (20 m s’l), noskaidrots, ka piestrades nodiluma
periods ir L robezas no O lidz tuvinati 900 m (3.5. att.), kas atbilst grieSanas
laikam tuvinati 10 minates. Radiuss p §aja perioda palielinas ar
intensitati 9.163 - 10° umm™'. P& tam radiusa p pieauguma intensitate

samazinas. Tas norada, ka sakas grieznpa monotona nodiluma periods, kas
turpinas lidz tuvinati 9700 m grieSanas trajektorijas garuma sasniegSanai ar
atbilstoSo grieSanas laiku 106 miniites. Radiuss p $aja perioda palielinas ar
intensitati 3.314 - 10° pmm™ — grieZpa noapalojuma pieauguma intensitate
ir 2.76 reizes mazaka, salidzinot ar piestrades nodiluma periodu. P&c monotona
griezna nodiluma perioda beigam radiuss p atkal strauji palielinas, noradot par
griezna kritiskd nodiluma perioda sakSanos. Kritiskaja nodiluma perioda
radiuss p palielinds ar intensitati 9.685 - 10° um m™ — grieZna noapalojuma
pieauguma intensitate ir 2.92 reizes lielaka, salidzinot ar monotona nodiluma
periodu, un 1.05 reizes lielaka, salidzinot ar piestrades nodiluma periodu.

Savukart, ja grieSanas atrums ir 50 ms™ piestrades nodiluma periods ir L
robezas no 0 Iidz tuvinati 1000 m, bet grieSanas laiks ir tuvinati 4.5 miniites.
Radiuss p 3aja perioda palielinas ar intensitati 7.623 - 10~ pm m'. Péc tam
sakas monotona nodiluma periods, kas turpinas Iidz tuvinati 13100 m grieSanas
trajektorijas garuma sasniegSanas ar atbilstoSo grieSanas laiku 58.5 mintes.
Radiuss p $aja perioda palielinds ar intensitati 2.298 - 10~ um m™' — grieZna
noapalojuma pieauguma intensitate ir 3.3 reizes mazaka, salidzinot ar
piestrades nodiluma periodu. Kritiskais nodiluma periods sakas péc
tuvinati 13100 m grieSanas trajektorijas garuma sasniegSanas, kura radiuss p
palielinas ar intensitati 7.817 - 10° um m™ — grieZna noapalojuma pieauguma
intensitate ir 3.4 reizes lielaka, salidzinot ar monotona nodiluma periodu,
un 1.03 reizes lielaka, salidzinot ar piestrades nodiluma periodu.
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3.5. att. GrieZna griezéjSkautnes noapalojuma radiusa izmainas atkariba no
grieSanas trajektorijas garuma, ja grieSanas atrums ir 20 ms™:
Fig. 3.5. Changes of roundness radius of cutting edge dependent
on length of cutting trajectory at cutting velocity 20 m s™':
m — grieZzna piestrades nodiluma periods / initial bluntness period,
— griezna monotona nodiluma periods / monotone bluntness period,
4 — griezna kritiska nodiluma periods / critical bluntness period.

GrieSanas procesa sakuma radiuss p ir41idz 5 pym, bet piestrades

nodiluma perioda beigas tas ir palielindjies nepilnas tis reizes —
Iidz 13 ... 14 pm. Savukart, sakoties griezpa kritiskd nodiluma periodam,
radiuss p ir palielingjies lidz 41 ...43 um (3.6. att.). Salidzinot radiusa p

pieaugumu, var secinat, ka grieSanas trajektorijas garums, sakoties kritiskajam
nodilumam, ir atskirigs — palielinot grieSanas atrumu no 20 lidz 50 ms™,
kritiska nodiluma sakuma robeZa iestajas par 33.6 % vé&lak. Analogisku
sakaribu uzrada ari salidzindgjums starp grieSanas atrumu 20 ..35ms’"
un 35..50ms’, bet starp grieSanas atrumu S50 un75ms’ novérojams
grieSanas trajektorijas samazinajums (3.7 att.). GrieSanas atruma bitisko
ietekmi uz griezna nodilumu ar varbitibu P =99.9 % raksturo regresijas
analizes vienadojums (3.7. att.).
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3.6. att. Griezna griezéjSkautnes profila nospiedumi
svina platné (palielinati 800 reizes):

Fig. 3.6. Replicas of cutting edge in lead sheet (enlarged 800 times):
a — pirms grieSanas procesa saksanas / before beginning of the
cutting process; b — péc 19000 grieSanas trajektorijas garuma metru
sasniegSanas / after 19000 m of length of the cutting trajectory.

14000 -
il 13000 -
Togs
B L3 12000 -
ENw
= »n O g
2 E<3T
EE %S 11000
RN L,=299.766 - v - 2.703 - v? + 4783.890
5 2 _
O 10000 - R2=0.985
9000 . ; : : .
10 25 40 55 70 85

Grie$anas atrums v, m s / Cutting velocity v, m s™

3.7. att. Griezpa kritiska nodiluma sakumam atbilstosais
griesanas trajektorijas garums atkariba no grieSanas atruma.
Fig. 3.7. Length of cutting trajectory corresponding to start
of critical bluntness period dependent on cutting velocity.

Noskaidrots, ka grieZzna prieksg€jais lenkis kritiska griezna nodiluma
sakuma  robezu  ietekm&  lineari. Palielinot  lenki y robezas
no 151idz 20 gradiem, kritiskais grieZzna nodilums sakas par 10 % véelak
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attieciba pret kritiska nodiluma perioda sakuma robeZu, ja lenkis y ir 15 gradi,
un par 7 % velak, ja lenki p palielina no 20 Iidz 25 un no 25 lidz 30 gradiem
attieciba pret 20 un 25 gradu lepki. Tas apstiprina to, ka optimalais lenkis
ir 30 gradi, jo tadgjadi pétijuma ietvaros ir ne tikai mazaka patéréta jauda, bet
arT lielaks starpasinaSanas perioda ilgums. Lepka y ietekmes biitiskumu ar
varbiitibu P = 99.7 % raksturo regresijas analizes vienadojums (3.8. att.).

18000 -

L,=231.180- y + 9813.200

17000 R2=0.99

16000 - <005

15000 -

garums L,, m/
Length of cutting

trajectory L,, m

14000 -

GrieSanas trajektorijas

13000 -

12000 T . . T )
10 15 20 25 30 35

Griezna prieksgjais lenkis ¥, gradi/ Rake angle Y, degree

3.8. att. Griezna kritiska nodiluma sakumam atbilstosais
grieSanas trajektorijas garums atkariba no griezna priekseja lenka.
Fig. 3.8. Length of cutting trajectory corresponding to start

of critical bluntness period dependent on rake angle.

Atbilstosi regresijai padeves kustibas iedarbibu raksturojoSais raditajs
padeve uz griezni kritiska grieZzna nodiluma sakuma robezu ietekmé lineari.
Sos raditajus saista cieSa negativa korelacija (r=0.976), kas nozimég, Kka,
palielinoties u, veértibam, kritiska grieZzna nodiluma sakuma robeZa
iestdjas aizvien atrak, jo palielinas slodze uz griezni — grieznim vienada laika
perioda ir janogriez pieaugoSs koksnes tilpums. Palielinot u, robeZas
no 0.251 Iidz 0.503 mm, kritiskais grieZzna nodilums sakas par 4.5 grieSanas
trajektorijas garuma procentiem atrak attieciba pret kritiska nodiluma perioda
sakuma robeZu, ja padeve uz griezni ir 0.251 mm, par 10 % atrak attieciba pret
u,=0.503 mm, ja padevi uz griezni palielina no 0.503 Iidz 0.754 mm,
un par 14 % atrak attiectba pret u,=0.754 mm, ja u, palielina
no 0.754 Iidz 1.005 mm. Padeves uz griezni ietekmes bitiskumu ar varbatibu
P =97.6 % pierada linearas regresijas analizes vienadojums (3.9. att.)
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3.9. att. Griezna kritiska nodiluma sakumam atbilstosais
griesanas trajektorijas garums atkariba no padeves uz griezni.
Fig. 3.9. Length of cutting trajectory corresponding to start
of critical bluntness period dependent on feed per tooth.

Vidéja lenka starp grieSanas un padeves kustibas virzienu ietekmes uz
griezna kritiska nodiluma sakuma grieSanas trajektorijas garumu korelacijas
analize norada par cieSu negativu sakaribu (r = 0.987). Palielinoties lenka ¢,
vertibam, kritiska griezna nodiluma sakuma robeza tiek sasniegta atrak.
Izskaidrojums $adai paradibai ir analogisks u, ietekmei, jo abiem raditajiem
pieaugot, palielinas skaidas biezums un Iidz ar to arT nogrieztas skaidas tilpums
laika vieniba, kas palielina patéréto jaudu un veicina grieZzpa nolietoSanos.
Palielinot lepki ¢,;, robeZas no 18.2 Iidz 25.8 gradiem, L I1dz kritiska grieZna

nodiluma sakumam samazinas par 6.5 % attiectba pret L, ja lenkis ¢,
ir 18.2 gradi, par 7.1 %, ja lenki ¢,;; palielina no 25.8 1idz 31.8 gradiem, un
par 10.2 %, ja lenki ¢, palielina no 31.8 Iidz 36.9 gradiem. Lenka ¢,

butiskumu ar varbiittbu P =98.7 % pierada linearas regresijas analizes
vienadojums (3.10. att.).

Pamatojoties uz iegilitajam grieSanas reZimu parametru bdtiskajam
sakaribam un grieSanas trajektorijas garuma, kura sasniegSanas bridi sakas
griezna kritiska nodiluma periods, vertibam, var secinat, ka rezultati ir
izmantojami grieZnu nodiluma prognozeSanai, izmantojot Teilora formulu.
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3.10. att. Griezna kritiska nodiluma sakumam
atbilstosais griesanas trajektorijas garums atkariba
no vidéja lenka starp grieSanas un padeves kustibas virzienu.
Fig. 3.10. Length of cutting trajectory corresponding to start
of critical bluntness period dependent on mean angle between
thedirection ofthe cutting and feed movement.

4. GRIEZNU NODILUMA PROGNOZESANA

Koksnes grieSanas procesu izzinatibas analizé noskaidrots, ka grieznu
nodiluma prognozesanu ir iesp&jams veikt, izmantojot Teilora formulu. Tomér
taja ir nepiecieSams ieviest modifikacijas, jo grieZznu nodiluma prognozesanai
lietderigak ir izmantot L nevis laiku, jo laiks ir atkarigs no padeves atruma:

jeb

kur

v-IY =C, (4.1)

Inv+y-InL=InC, 4.2)

v — grieSanas atrums, m s'l;

L — grieSanas trajektorijas garums, m;

v — konstante, kas atkariga no griezna ekspluatacijas ilguma
funkcijas versuma attieciba pret koordinatu sistémas, kura ta ir
att€lota, asim;
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C - konstante, kura ir vienada ar naturallogaritmu no grieZna
ekspluatacijas ilguma funkcijas krustpunkta vértibas ar
koordinatu sistemas, kura ta ir att€lota, ordinatu asi.

Savukart konstanti i, ieveérojot, ka pétijuma aplukotaja L diapazona
griezna nodiluma izmainas ir inversas klasiskajai Teilora formulai (3.7. att.) un
ka grieSanas laiku var aizvietot ar L, var raksturot ar $adu vienadojumu:

Iny, —Invy,

InL —InL,” 4-3)

Vi=-

kur w; — konstante, kas atkariga no grieZna ekspluatacijas ilguma
funkcijas versuma attieciba pret koordinatu sist€mas, kurd ta ir
att€lota, asim atkariba no i-ta grieSanas atruma diapazona;
v;; v, — atSkirTgas grieSanas atruma vertibas, m s'l;
L;; L, — grieSanas trajektorijas garumi, kas atbilst grieSanas

atrumiem attiecigi v; un v,, m.

Pé&tfjuma rezultati (3.7. att.) norada, ka v diapazona no 20 lidz 35 m s un
no 35 Iidz 50 m s grieZna nodilums raksturojas ar vienadu izmainu tendenci,
tade] Sos diapazonus var apvienot. Pamatojoties uz 3.7. att., pielaujamais
grieSanas trajektorijas garums, sakoties kritiskajam nodiluma periodam,
L =9779m, ja grieSanas atrumsv,=20ms’, un pielaujamais grieSanas
trajektorijas garums L, = 13193 m, ja grieSanas atrums v, = 50 ms'. Lidz ar to
konstante y (4.3. formula):

In50-1n20

. =-3.060
In13139-1n9779

Wy=20..50 =~
Analogiski aprékinata koeficienta y vertiba ari paréjam v diapazonam:

In75-In50
In12026-1n13193

Vy=50...75 =~

Ievietojot rezultatus 4.2. formula un aprékinot naturallogaritmu
vienadojumus, iegiist, ka konstantes C vértibas ir $adas:

1020+ (=3.060)- 109779 __In50+ (—3.060)- In13193 11
Ciao. s0=¢€" + ) 9779 _ pIn30-+( )- 13193 _ 1 53310y
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C

=50...75 —

eln50+ 4.378 -1n13193 _ eln75 +4.378 -In12026 _ 5.465- 1019

Lidz ar to, pamatojoties uz 4.1. formulu, Teilora formulas, kas atbilst
petijuma diapazonam ir $adas:

Voo so- L0 =1.233.107" (4.4)

Vsg_75- L7 =5.465-10" (4.5)

Formulas (4.4. un4.5.) raksturo grieSanas trajektorijas garumu (grieZna
nodilumu) tikai atkariba no v, tomér, veicot koksnes grieSanas procesu
izzinatibas analizi un iegtito griezna nodiluma sakaribu novert€jumu, secinats,
ka arT pargjiem galvenajiem grieSanas reZima parametriem ir bitiska ietekme.
Pargjo parametru ietekmi raksturo $ada papildinata Teilora formula:

kur

vl yhuf gl =C, (4.6)

v — grieSanas atrums, m s'l;

L — grieSanas trajektorijas garums, m;

y — griezna prieks¢jais lenkis, gradi;

u, — padeve uz griezni, mm;

¢, — Vvidgjais lenkis starp grieSanas un padeves kustibas
virzienu, gradi;

v — konstante, kas atkariga no grieZzna ekspluatacijas ilguma
funkcijas versuma attieciba pret koordinatu sistémas, kura ta ir
att€lota, asim;

f —koeficients, kas ir atkarigs no grieZna prieksgja lenka;

x —koeficients, kas ir atkarigs no padeves uz griezni;

g — koeficients, kas ir atkarigs no vidgja lenka starp grieSanas un
padeves kustibas virzienu;

C - konstante, kura ir vienada ar naturallogaritmu no grieZna

ekspluatacijas ilguma funkcijas krustpunkta vértibas ar
koordinatu sistemas, kura ta ir att€lota, ordinatu asi.

Katrs no grieZznpa nodilumu ietekméjoSajiem faktoriem L izmaina par
noteiktu vertibu attieciba pret L, kads kritiskd nodiluma perioda sakuma ir

noverots

1. eksperimenta  (v=50 m s, y=15 gradi, u,=0.503 mm,
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@0 =369 gradi), jo katram grieSanas reZima parametram viens no
mainigajiem atbilst §1 eksperimenta reZimam. Tadg] koeficientu f,x, un g

aprekinasanai var lietot formulas, ar kuram iesp&jams apréekinat, cik reizes L
izmainas attieciba pret 1. eksperimenta noveroto L:

L,,
fi=—y log, 4 4.7)
LP 70
Lp U,;
K=y log, —" 4.8)
L/’ Uzo
L
P Pyia i
8=y 10g¢7w‘d1 L—d’ (4.9)
P Pvid o
kur f; — koeficients, kas ir atkarigs no griezna prieksgja lepka;

k; — koeficients, kas ir atkarigs no padeves uz griezni;

g; — koeficients, kas ir atkarigs no vidgja lepka starp grieSanas
un padeves kustibas virzienu;

v — konstante, kas atkariga no grieZzna ekspluatacijas ilguma

funkcijas versuma attieciba pret koordinatu sist€mas, kurd ta ir
att€lota, asim;

ViU, @q; — griezna priekSeja lenka (padeves uz griezni, lenka
starp grieSanas un padeves kustibas virzienu) vertibas; gradi
(mm, gradi);

L, — grieSanas trajektorijas garums kritiska grieZna nodiluma

perioda sakuma atbilstosi y;, u,;, ¢,;,; vertibam, m;

Lp}’o’Lpuzo’Lp%Mo — grieSanas trajektorijas garums kritiska

griezna nodiluma perioda sakuma atbilstoS§i mainigo grieSanas
reZima parametru vertibam 1. eksperimenta, m.

Gan lepka p, gan u,, gan ar1 lepka ¢,;; ietekme uz grieZna nodilumu ir
linedra, kas nozimé, ka pielaujams noteikt koeficientu f, x, un g vértibas tikai

to minimalajai un maksimalajai robeZai. Parametru robezvertibam, kuras
atbilst 1. eksperimenta datiem, koeficientus aprékinat nav nepiecieSams, jo var
secinat, ka to vertibas ir vienadas ar 0. Tade| aprékini javeic tikai mainigo
vertibu diapazonu beigu robezam, papildus ievérojot, ka koeficienta y vértiba
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ir at8kiriga, mainoties v diapazonam. Teilora formulas konstansu un koeficientu
aprekinu kopsavilkums ir paradits 2. tabula.

2. tabula / Table 2

Teilora formulas konstansu un koeficientu vertibas /
Values of constants and coefficients for Taylor’s equation

GrieSanas atrums v, m s’ /
. . 1 20 Iidz / till 50 50 Iidz / till 75
Cutting velocity V,m s
Konstante C / Constant C 1.233- 10" 5.465-10"
Konstante y / Constant ~3.060 4.378

Griezna prieksgjais
lenkis y, gradi/
Rake angle y, degree

Koeficients f

/ Coefficient f

- . - . 0.0000 11dz / till
15 Iidz / 1ill 20 0.0000 I1dz / #ill 0.1018 —0.1456

- . - . —0.1456 Iidz / #ill
20 Iidz / till 25 0.1018 Idz / till 0.1581 —0.2262

- . - . —0.2262 Idz / till
25 Iidz / till 30 0.1581 Iidz / #ill 0.2127 03043

Padeve uz griezni u,, mm/

Feed per tooth u,, mm

Koeficients x

/ Coefficient kK

- . —0.0930 Idz / till - ;
0.251 11dz / £ill 0.503 0.0000 0.1330 Idz / till 0.0000
0.503 I1dz / till 0.754 0.0000 I1dz / #ill 1.2286 0'00_0(; 171;.%7/ till

- ; 1.2286 I1dz / till —1.7577 Iidz / till
0.754 T1dz / till 1.005 173.0200 5475450

Vidgjais lenkis starp
grieSanas un padeves
kustibas virzienu @,;;,
gradi / Mean angle between
the direction of the cutting
and feed movement

Koeficients g

/ Coefficient g

®,iq> degree
. o ~0.3792 lidz / #ill
18.2 Iidz / 1ill 25.8 0.2650 Tidz / ill 0.1716 00455
25.8 1idz / till 31.8 0.1716 1idz / 1ill 0.0957 —0.2455 lidz / 4ill
~0.1369
o . Z0.1369 Tidz / #ill
31.8 lidz / £ill 36.9 0.0957 Tidz / 1ill 0.0000 0.0000
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Rezultata grieZzna kritiska nodiluma sakumam atbilsto$a grieSanas
trajektorijas garuma prognoz€Sanai atkariba no grieSanas atruma, grieZna
prieksgja lenka, padeves uz griezni un lepka starp grieSanas un padeves
kustibas virzienu iespgjams lietot 2. tabula paraditas konstanSu un koeficientu
vertibas un $adu formulu, kura iegiita no 4.6. formulas:

L e A -
L=C" vV .yV uy -@l. (4.10)

Formula (4.10) norada viena zagripas griezna pielaujamo grieSanas
trajektorijas garumu, tade] iegttais rezultats vél ir jasareizina ar faktisko
zagripas grieznu skaitu. Savukart grieSanas trajektorijas garumam kritiska
griezna nodiluma perioda sakuma atbilstoSo elektriskas jaudas vértibu
iesp&jams noteikt, izmantojot 3.5. formulu, kas norada vatmetra, kas pievienots
grieSanas mehanisma elektromotoram, radijumu.

5. SECINAJUMI

1. GrieSanas procesa patéréta elektriska jauda, Ipatn€jais grieSanas
darbs (speks) un griezna nodilums (griezgjSkautnes noapalojuma
radiuss), ir butiski atkarigi no grieSanas reZima faktorialajiem
parametriem — grieSanas atruma, griezna prieksgja lepka, padeves uz
griezni, vid&ja lenka starp grieSanas un padeves kustibas virzienu — un
grieSanas trajektorijas garuma, virsmas raupjums ir butiski atkarigs no
griezna priek$gja lenpka un grieSanas trajektorijas garuma (grieZna
nodiluma), bet mehaniska grieSanas jauda ir bitiski atkariga tikai no
elektriskas jaudas, ja tas prognozéSanas modeli ieklauj gan elektrisko
jaudu, gan grieSanas reZima faktorialos parametrus.

2. Mehaniska grieSanas jauda, kas iegiita no grieSanas spéka mérijumiem,
un elektriska jauda, kas iegiita no stravas stipruma un sprieguma
mérfjumiem, nav vienadas. Elektriska jauda, garenzaggjot apses
koksni, ir 1.11 11dz 1.34 reizes lielaka par mehanisko griesanas jaudu.

3. Tpatngja grieSanas darba (sp&ka) palielinasanos, palielinoties grieSanas
trajektorijas garumam, izraisa griezna nodilums, tadé] ta pieaugums ir
lidzvertigs griezna nolietojuma noverteSanas koeficientam a,, kura

aprékinasana lidz ar to pamatojas ne tikai uz griezna darba ilguma p&c
asinasanas, bet arT uz grieSanas trajektorijas garumu, grieSanas atrumu,
griezna priek§€jo lenki, padevi uz griezni un vidgjo lenki starp
grieSanas un padeves kustibas virzienu.

4. GrieSanas procesa patéréta elektriska jauda samazinas par 32 %, ja
grieSanas atrums palielinds no 20 lidz 59 ms™, par 17 lidz 42 %, ja
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griezna prieksgjais lenkis palielinas no 15 I1dz 30 gradiem, par 128 %,
ja padeve uz griezni samazinas no 1.005 Iidz 0.471 mm, un par 96 %,
ja vidgjais lepkis starp grieSanas un padeves kustibas virzienu
samazinas no 36.9 Iidz 18.2 gradiem.

. Viena zagripas griezna piestrades nodiluma perioda ilgums,
pamatojoties uz griezgjSkautnes noapalojuma radiusa izmaigam, ir
lidz 1500 grieSanas trajektorijas garuma metriem, kas nav bitiski
atkarigs no grieSanas reZima faktorialajiem parametriem.

Viena zagripas griezna kritiska nodiluma perioda sakuma robeZa
atkariba no  grieSanas reZima faktoriadlajiem  parametriem
ir 9700 Iidz 16900 m. Kritiska nodiluma perioda sakuma robeZa
palielinas par 35 %, ja grie$anas atrums palielinds no 20 lidz 50 ms™,
par 27 %, ja  grieznpa  priek$gjais lenkis palielinas
no 15 Iidz 30 gradiem, par 32 %, ja padeve uz griezni samazinas
no 1.005 Iidz 0.503 mm, un par 28 %, ja vid&jais lenkis starp grieSanas
un padeves kustibas virzienu samazinas no 36.9 Iidz 18.2 gradiem.
Apses koksnes garenzag€Sana, ja grieSanas atrums ir diapazona
no 20 lidz 50 m s, grieZna nodiluma prognozéSanas Teilora formulas

konstante  =-3.060, bet konstante C=1.233-10_11, savukart, ja
griefanas atrums ir diapazona no 50 lidz 75ms’, konstante
w =4.378, bet konstante C = 5.465-10"°.

. lzstradata griezna nodiluma un elektriskas jaudas prognozéSanas
metode, ieverojot grieSanas atrumu, griezna prieksgjo lenki, padevi uz
griezni, vidgjo lenki starp grieSanas un padeves kustibas virzienu un
grieSanas trajektorijas garumu, uzrada biitisku ticamibas limeni.

6. PRIEKSLIKUMI

Apses koksnes garenzag€Sana, lai palielinatu grieSanas trajektorijas
garumu lidz kritiskd nodiluma sakumam, Iidz 29 % samazinatu
griefanas procesa patéréto jaudu un tadgjadi arT elektroenergijas
izmaksas, jalieto grieSanas reZims ar $adiem parametriem: grieSanas
atrums 59 ms’, grieZna priek§gjais lenkis 30 gradi, padeve uz
griezni 0.471 mm, bet vid€jam lenkim starp grieSanas un padeves
kustibas virzienu jabiit iesp&jami mazakam, ko iesp&jams panakt, ja
sazag€jamais materials pozicionets iesp&jami tuvak zagripas
periferijai. Citi grieSanas reZima parametri janosaka, pamatojoties uz
iepriek§min&tajiem lielumiem.

Zagripas grieznu starpasina$anas perioda grieSanas trajektorijas
garuma noteikSanai jalieto izstradata Teilora formula, tas koeficienti
un konstantes, bet grieSanas trajektorijas garumam L, m, atbilstosas
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elektriskas jaudas N,, W, vértibas noteikSanai atkariba no grieSanas

el>
atruma v, ms', griepa priek§eja lepka 7, gradi, padeves uz
griezni u

.» mm, un videja lenka starp grieSanas un padeves kustibas

virzienu ¢,;;, gradi, — regresijas vienadojumu: N, = 1.072-107 - L—

~6.750-v—5.989-107> -v> —4.284 - y —230.849 -u_ +259.407 -u> +
+3.029-¢,;, —2.235.

Starpasina$anas perioda ilguma kontrole javeic ar ripzagmasinas
grieSanas mehanisma elektromotoram uzstadita vatmetra mérfjumu
rezultatiem, kurus iesp&ams savienot ar elektronisko informacijas
sistému, kas raida bridinajumu par kritiska grieZna nodiluma perioda
sakumu tikI1dz ir sasniegta aprekinata elektriskas jaudas veértiba.
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INTRODUCTION

Topicality of subject of doctoral thesis

Wood processing industry more and more begins to focus on processing
wood of soft deciduous trees, manufacturing not only decoration boards, but
also structural building elements and furniture. Sawing is the major mechanical
wood processing techniques that are applied during the technological process of
manufacturing any type of products from wood. Furthermore, from all the
wood cutting processes that are based on sawing, the most popular is
longitudinal cutting with a circular saws. Studies with aim to determine the
right cutting regime for longitudinal sawing and other processes are mostly
carried out by processing wood of coniferous or hard deciduous trees. It may be
attributed to the fact that the wood of soft deciduous trees originally were
considered inferior and not suitable for mechanical processing, and because of
that an insufficient amount of studies have been carried out regarding this type
of wood both in Latvia and abroad. Therefore, the current regularities of
processing the soft deciduous wood are based on regularities that have been
learned during the cutting processes of wood of coniferous and hard deciduous
trees. This creates a necessity to develop optimal cutting regimes and methods
for prediction of tip bluntness of circular saw prescribed exactly for the
processes of cutting soft deciduous wood, as it is anticipated that the use of
these species of wood will only be increasing.

Cellular wood material is one of the specific wood products manufactured
in Latvia in respect of which no rip sawing processes have been studied yet and
which might be produced from wood of soft deciduous trees. Wood of
coniferous trees is traditionally used for the production of cellular wood
material and recovery period of wood of coniferous trees is greater compared to
wood of soft deciduous trees. Besides producers of cellular wood material have
to compete with producers of other products about availability of the wood of
coniferous trees resources. Out of all species of soft deciduous trees, wood of
aspen has the largest potential to become a raw material for production of
cellular wood material, taking into account the available resources and
regeneration abilities of the species.

Aim of doctoral thesis

To clarify factors of the cutting regime that influencing bluntness of the
ripsaw blade carbide tip, regularities among tip bluntness and these factors and
to create method for prediction of tip bluntness in longitudinal sawing of aspen
wood.
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Tasks of doctoral thesis:

1. to analyze information of wood cutting processes, bluntness of the tip
and its characterizing indicators;

2. to explore changes of resultative indicators of longitudinal sawing
related to the cutting regime parameters;

3. to determine regularities of impact of analyzed and explored cutting
regime parameters to the bluntness of the tip;

4. to create method for prediction bluntness of the tip depending on the
cutting regime parameters that affecting tool bluntness.

Materials and methods used in doctoral thesis

A multifunctional computer numerical control machine Biesse Rover 325
and specially constructed circular saws with only two teeth has been used for
cutting of wood specimens. Electronic measuring instruments have been used
in determination of the results: data logger PicoLog ADC-20, force
sensors Measurement specialities FC2211, current data logger PicoLog CM3
and sensors Pico TAI38, surface roughness measurement device
Mahr Perthometer M2.

During the experiments, kerfs of aspen wood specimens were made
according to the technologies used in processing of workpieces of cellular
wood material. The impact of the cutting regime parameters on sawblade tip
bluntness, cutting power, cutting force, surface roughness of wood has been
determined by changing individual cutting regime parameters — cutting
velocity (frequency of rotational), feed speed (feed per tooth), rake
angle (clearance angle) and kerf height (angle between the direction of the
cutting and feed movement).

MS Excel was used for mathematical processing and graphical
representation of data acquired during the research while AutoCAD,
SolidWorks, CorelDRAW and Adobe Photoshop was used for creation of
figures.

Hypothesis of doctoral thesis

Cutting regime parameters — cutting velocity (frequency of rotational),
feed speed (feed per tooth), rake angle (clearance angle) and kerf height (angle
between the direction of the cutting and feed movement) — has significance
affect on the resultative indicators of cutting process — bluntness of tip, cutting
power, cutting force, surface roughness of treated wood.
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Abstracts to be defendable in doctoral thesis:

. disposition of changes of separate resultative indicators of cutting

process related to the length of cutting trajectory is equal to each other;

. bluntness of the ripsaw blade carbide tip can be predicted by identifying

regularities of other resultative indicators and its affecting factors;
permissible length of the cutting trajectory is substantially increasing
by use of cutting regime with optimal values of its parameters.

Scientific novelty of doctoral thesis

New data of effect of cutting regime parameters on the cutting process
and its performance indicators are obtained.

Regularities amid parameters of cutting regime and tip bluntness, cutting
power, cutting force, surface roughness of treated wood are determined.
Designed, developed and approved research methodology of wood
cutting processes.

Prediction method of tip bluntness, constants and coefficients based on
Taylor's equation are designed for the first time in Latvia.

Practical significance of doctoral thesis

The developed cutting regime regularities may be used in rip sawing
processes of production workpieces for cellular wood material and
other materials.

Based on the developed regularities from Taylor's equation for tool
bluntness, it is possible to predict the beginning boundary of the
critical bluntness period of a ripsaw tip (period between sharpening).
The acquired data of the effects of cutting regime parameters on the
cutting processes and the indicators characterising these parameters are
published in international publications. Thus, they are available for
other authors carrying out studies as well as preparing educational books.

Structure of doctoral thesis

Doctoral thesis is structured in seven sections:

1
2
3.
4.
5
6
7

. Analyze of wood cutting processes;

,,Materials and methods™;

,,Results and its analyze”;

,,Prediction of bluntness of the carbide tip”;
,;Costs of consumed power”;
,,Conclusions™;

-uggestions”.

The doctoral thesis is designed on the 131 pages and includes 48 figures,
6 tables, 89 equations and 112 sources of references.
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1. ANALYZE OF WOOD CUTTING PROCESSES

The effects of cutting regime parameters on the cutting processes and their
resultative indicators ascertained in earlier researches, by mainly focusing on
bluntness of cutting tool, cutting power, cutting force, and roughness of the
surface, are analysed in this section. In addition the prediction feasibility of
bluntness of cutting tool as well as experience in respect to improvements of
bluntness resistance is discussed. The following main conclusions have been
performed after the analysis:

1. the resultative indicators of cutting process — bluntness of cutting tool,
cutting power and force, roughness of wood surface — are mainly
affected by four cutting regime parameters — cutting velocity, rake
angle of the cutter, feed speed and kerf height. Therefore, the research
should be continued by analysing only these four parameters;

2. investigations that describe duration of cutting tool bluntness periods
rarely have been carried out in respect to cutting tools for longitudinal
milling, while there is absolutely no information on duration of cutting
tool bluntness periods for cutting tools used in rip sawing processes. It
means that researche should be organised in a way that it would be
possible to determine the length of individual bluntness periods of the
cutting tool;

3. Taylor's equation is suitable for predicting bluntness of cutting tool,
however, it is developed for metal cutting processes, meaning that
there is no information on its constant and coefficient values in respect
to the bluntness of cutting tools for wood processing. Besides the
Taylor's equations is taking into account only the effects of cutting
velocity, while it has been proven that cutting process is also affected
by other indicators — mostly the angular parameters of the cutter, feed
speed, chip thickness, and kerf height. In order to use the Taylor's
equation for predicting the bluntness of cutting tools used in rip
sawing of wood, it is necessary to identify the respective constants and
coefficients of these other factors;

4. values of the coefficient describing bluntness of the cutting tool used
in determining the specific cutting work (force) that is a significant
parameter in calculating cutting power do not take into account all of
the most significant factors affecting bluntness of the cutting tool,
therefore, the research should provide solution for adjustment of the
calculation method of this coefficient;

5. by using cryogenic treatment of cutters, it is possible to significantly
increase their bluntness resistance (up to four times comparing to
cutters that have not undergone cryogenic treatment), however, taking
into account the labour input, time required for this treatment and that
properties acquired during cryogenic tretment are lost after tip
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resharpening, it may not compete with other methods for increasing
wear resistance — surface coating and helical cutting edge
configuration.

2. MATERIALS AND METHODS

The research was carried out based on individually developed
methodology.

1.

Aspen (Populus tremula L.) wood samples with a depth of 28 mm,
width of 98 mm and length of 450 mm were used in the research. The
cross-section of wood samples confirms to the dimensions of the
workpieces used in production of cellular wood material.

Experiments were carried out with specially constructed circular
saws (Table 1).

Duration of the research 13 separate experiments were done, in each of
them changing the value of one of the main cutting regime parameters:
cutting velocity (20, 35, 50, 75 m s'l), rake angle of cutter (Table 1),
feed speed (4, 8, 12, 16m min'l, equivalent to feed per
tooth 0.251 till 1.257 mm), kerf height (6, 12, 18, 24 mm, equivalent
to mean angle between the direction of the cutting and feed
movement 18.2 till 36.9 degrees). The rest of the cutting regime
parameters were determined based on these four main parameters.
Climb-sawing was carried out by creating longitudinal kerfs next to
each other on the both wider sides of the wood sample, leaving 3 mm
wide partition between the kerfs in accordance with the cutting
technology used for workpieces of cellular wood material.

. During the sawing processes, samples of wood were fastened in a

special device that was intended for determining cutting force (to
determine the mechanical cutting power arising out of it). This device
consists of two platforms (one of them is moving in horizontally,
while both of them together are moving vertically). There are five
force sensors Measurement Specialities FC22 placed underneath these
platforms.  Data  logger  PicoLog ADC-20  and  software
PicoLog Recorder is used for storing and processing data gathered
from force sensors.

. Phase voltage and line amperage measurements were made in order to

determine electric power consumed by the electric motor of the cutting
mechanism. Voltage was measured by an analogue and digital
voltmeter, while amperage with sensors Pico TAI3S8, current data
logger PicoLog CM3 and software PicoLog Recorder as well as digital
direct connection ammeter Schneider Electric iAMP.
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7. Replication method was used to measure the radius of cutting edge, by
pressing the cutting edge into a lead plate and analysing the imprints in
a digital light microscope Keyence VHX — 100K.

8. Mahr Perthometer M2 device was used to measure the surface
roughness of the treated wood samples (lateral surface of the kerfs).

9. The acquired data was mostly related to the length of the cutting
trajectory for a single saw tip calculated with the following equations:

where

L = @.1)
=——-m;-m,, .
7100 ez g
3
l= 10 M+Qarccos 1—2—H A 2.2)
n-z 360 D

L, —total length of cutting trajectory related to one tip, m;

[ —length of the cutting trajectory at one rotation of the circular
saw, mm;

n — rotation frequency of circular saw, min™;

l b= length of the wood sample, mm;

u — feed speed, m min"l;

z —number of tips of the circular saw;

m; — number of kerfs in the one wood sample (m; =10);

m, — number of wood samples;

7 — constant charactering ratio of circle circumference to its
diameter (7 =3.14);

D - diameter of cutting circumference, mm;

H - kerf height, mm.

10. The effects of the cutting regime parameters on the resultative
indicators of cutting process was analysed by applying correlation,
regression and covariance methods. Statistical hypothesis has been
tested with significance level « = 0.05.
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3. RESULTS AND ITS ANALYZE

3.1. Analyze of cutting power

By analysing changes in electric power (V,) and mechanical cutting
power (N,) based on the main parameters of the cutting regime, it was
ascertained that the consumed power was evenly increasing throughout the
whole length of the cutting trajectory (L). At the beginning of the experiment,
N, was 1.11 larger than N,,, while at the end of the experiment this proportion
was 1.34. Thus, by measuring N, it is not possible to obtain the actual cutting
power that is directly arising from the cutting force. The electric power
consumed by the motor is an indirect characteristic that is rather easily
definable. Results of the research show that the main parameters of the cutting
regime significantly affect power consumption and these measurements may be
used to control the bluntness level of the ripsaw tip.

The second degree polynomial function provides the best
explanation (99.3 %) of the changes in N, based on the cutting velocity (v):

N, =1.459-1072-L-10962-v+9.239-10% -v* +382.541,  (3.1)

where N, - electric power depending on cutting velocity values

ranging from 20 to 75 ms™, W;
L —length of cutting trajectory related to one tip, m;
v — cutting velocity, m s™.

Hypersurface (Figure 3.1) with a probability of P = 99.9 % shows that N,
will increase by 1.459 - 107 units if L is increased by one meter. In its turn, if v
increases by one unit within the range from 20 to 59 ms™, N,; will decrease by
the sum of decrease in value of power caused by the previous single unit
and 1.848 - 10", Whereas if v increases by one unit within the range
from 59 to 75 m s, N,; will increase by the sum of increase in value of power
caused by the previous single unit and 1.848 - 10", The results show that the
most optimal v causing providing the lowest power consumption is 59 ms™.

Regression analysis confirms that L and the rake angle of the cutter (y)

significantly affects N,; (Figure 3.2) and that is described in the following
equation:

N, , =8.942-107 - L-4.058 7 +170.712, (3.2)

where N
ranging from 15 to 30 degrees, W;

o1, — electric power depending on rake angle of the tip values
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L —length of cutting trajectory related to one tip, m;
y —rake angle of the tip, degree.

The hyper-plane (Figure 3.2) of the regression indicates that N, increases
due to L is increasing that is explainable by gradual rounding of the cutting
edge progressively affecting the thickness of the wood layer that must be
deformed by the tip underneath centre of the rounding radius (deformation of a
thicker layer of wood requires more work and thus more power). Conversely
the angle y effect on N, is expressed in a way that N, increases if the values of

angle y decrease. Such effect is explained by the fact that, by decreasing the
angle ¥, the front surface of the tip tends to assume a parallel position with the

radius vector of the cutting circumference and the degree of crook of chip
elements increase in the chip formation area above the radius centre of the
roundness of the cutting edge. In order to obtain a degree of crook that has a
tendency moving towards a narrower angle, increased work input and power is
required. Besides, an increasing directivity of the cutter's front plane decreases
the possibility of formation of micro-cracking on the wood in front of the
cutting edge that would also decrease resistance of the wood. It means that in
rip sawing processes it is efficient to choose cutting tools with a higher angle

value as that will decrease power consumption. By increasing the angle y

from 15 to 20 degrees, N, will decrease by 17 %, from 20 to 25 degrees —
by 21 %, and from 25 to 30 degrees — by 25 %. Conversely, if the angle y is

increased from 15 to 30 degrees, the electric power consumption decreases by
up to 42 %. However, such decrease in power consumption is observed only at
the beginning of the cutting process — during the first 1000 meters of L —
because effect of the initial bluntness of the tip is appeared in there. It has been
ascertained that by increasing L, the decrease in power consumption is
gradually becoming lower until at the end of the cutting process (after
reaching 19000 m of L) the aforementioned percentages of decrease in power
consumption are 7.25 %, 7.82 %, 8.49 % and 17.8 % respectively. Such gradual
decrease in the impact of the angle y on N, based on L indicates that the

angular values of the tip have been changed in direct proximity of the cutting
edge during the final phase of the cutting process caused by wear of the tip
during the critical bluntness period. Thus, further use of the cutting tool after
reaching the critical bluntness period is undesirable not only because of the
decrease in the overall tip life, but also because of the decrease in the angle y

that has been measured in direct proximity of the cutting edge in respect to the
tangents of the rounded part of the cutting edge.

Feed speed in the rip sawing process affects the feed per tooth (u,),
thickness of chip, L as well as the load working on the tip and accumulation
capacity of chip within the gaps of the teeth. Besides, u, has a direct effect on
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the cutting force and power because as different combinations of feed speed
and circular saw rotation frequency may have variable feed speed but the same
u, and thus the load working on the tip may be constant under different feed
speeds. Feed speed is one of the basic parameters of a cutting regime, but it is
not advantageous for compare several cutting regimes. Parameter u, is the
indicator that is appropriate to compare different cutting regimes. Changes of
N, based on L and u, are described by the following multifactor regression
model:

N

elu

=1.353-107 - L—454.720-u, +484.542-u7 +181.514, (3.3)

where N — electric power depending on feed per tooth values

elu,

ranging from 0.251 to 1.257 mm, W;
L —length of cutting trajectory related to one tip, m;
u, — feed per tooth, mm.

Changes of N, based on u, do not show any unequivocal
affection (Figure 3.3). If u, is increased by 0.001 mm within the range
from 0.251 to 0.471 mm, N,, decreases by the sum of decrease in N,; caused by
the previous u, unit and 9.691 - 10°. However, when u, changes within the
range from 0.471 to 1.257 mm, it is possible observe a completely opposite
reaction — N,; increases by the sum of increase in N,; caused by the previous
unit of u. (0.001 mm) and 9.691 - 10”. It means that the optimal u, value that
causes the lowest power consumption is 0.471 mm. This u, value conforms to
the feed speed of 7.5 m min™' in range of the research.

The effect of kerf height on the cutting process was determined by using
the mean angle between the direction of the cutting and feed
movement (¢,;;) as it is the best way to describe the relation between the

cutter and wood fibres. Even though the kerf height is positioned as one of the
main cutting regime parameters, it should be regarded as an acquisition
parameter for angle ¢,,.Coherence between N, L and angle ¢, is

described by the following linear multifactor regression model:

Ny, =8687-107-L+2971 ¢, +4.04-107, (3.4)
where N, o electric power depending on mean angle between the

direction of the cutting and feed movement values ranging
from 18.2 to 36.9 degrees, W;
L —length of cutting trajectory related to one tip, m;
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¢, — mean angle between the direction of the cutting and feed
movement, degree.

Previously described equations explain the changes of N,; based on one of
the main or derived cutting regime parameters — v, angle y, u, and angle ¢,;,.

By analysing these equations it has been ascertained that there is a significant
effect on N,. Therefore it is possible propose a hypothesis that there are
significant simultaneous effects of all four cutting regime parameters on
changes of N, based on L. By obtaining such coherence, it is possible to
calculate the value of N, that conforms to the beginning of the period when
sharpening of the tips of circular saw must be done. The proposed hypothesis is
proved by the following regression model that explains 80.5 % of the changes
in N,

N, =1.072-107-L-6.750-v—5.989-107 -v> — 4.284 .y — (3.5)
~230.849 -u, +259.407 -u? +3.029 -, —2.235,

where N, — electric power depending on cutting velocity values

ranging from 20 to 75 m s™', rake angle of tip values ranging from
15 to 30 degrees, feed per tooth values ranging from 0.251 to
1.257 mm and mean angle between the direction of the cutting
and feed movement values ranging from 18.2 to 36.9 degrees, W;
L — length of cutting trajectory related to one tip, m;
v — cutting velocity, m s™;

y —rake angle of tip, degree;

u, — feed per tooth, mm;

¢,;,; — mean angle between the direction of the cutting and feed
movement, degree.

Regression analysis shows the neither the main cutting regime parameters
nor the interaction between these parameters not significantly effect to N,
based on N,;. Therefore the relationship between N, and N, is linked by the
following linear regression equation that explains 86.7 % of the changes in the
resultative indicator:

N, =7915-10""-N,, -1.571, (3.6)
where N, —mechanical cutting power, W;

N,; — electrical power, W.

43



3.2. Analyze of specific cutting work (force)

The important indicator for calculating cutting power is the specific
cutting work or specific cutting force (K) that describes work that is required in
order to cut off chip with a volume of one cm®. The other expression of this
indicator is associated with determination of the specific cutting force that
characterizes the force required to cut off the chip with a cross-section of
one mm”. Taking into account that one J cm™ is equal to one N mm~, both
indicators is expressed with one and the same parameter. Consequently
determining of the specific cutting work (K) will determine the specific cutting
force at the same time, therefore only one of these indicators can be included in
analyze. The following multifactor regression models describe changes in K
based on L and factorial parameters of the cutting regime:

K,=1448-107.L-9.358-10""-v+7.857-107 - v* + 30.806, (3.7)
K,=8.907-107-L—-2.897-107" - y +12.202, (3.8)

K, =1.199-107-L—6.825-u, +2.791-107" -u? +43.497, 3.9)
K, =1898-107-L-1489-¢,, +451.69, (3.10)

where K, —specific cutting work accordingly values of cutting velocity

ranging from 20 to 75 m sty cm'3;

K, — specific cutting work accordingly values of rake angle of

tip ranging from 15 to 30 degrees, J cm™;
K, - specific cutting work accordingly values of feed per tooth

ranging from 0.251 to 1.005 mm, J cm’3;
K 0., — specific cutting work accordingly values of mean angle
between the direction of the cutting and feed movement ranging
from 18.2 to 36.9 degrees, J crn'3;

L —length of cutting trajectory related to one tip, m;

v — cutting velocity, m s™.

¥ —rake angle of tip, degree.

u, — feed per tooth, mm.

¢, — mean angle between the direction of the cutting and feed

movement, degree.
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The following main conclusions have been performed in K analysis:

1. by comparing the cutting power values obtained during the
measurements with the calculated values, it may be concluded that the
measured power is larger than the calculated power; it points out
deficiencies in calculation formulas as the formula for determining K
is scantily taking into account not only the mechanical properties and
density of wood, but also bluntness of the tip;

2. the bluntness of the tip is described by a coefficient @, based on

working time of the tip after sharpening in calculation of the specific
cutting force, while the working time of the tip is a very relative
indicator as it depends on the feed speed — different L and thus
different bluntness of the tip may be achieved in the same time period
if the feed speed is different;

3. K value is constant under specific cutting regime circumstances,
therefore its increase based on L is caused by bluntness of the tip. It
means that the product of direction coefficient and L may be equated
to the coefficient a, increase in the regression equation;

4. K increases if v decreases from 50 to 20ms’ and increases
from 50 to 75 m s The increase based on L is related to increase in
bluntness of the tip, while based on v — to decrease in the dynamic
stability of the ripsaw blade;

5. K increases linearly throughout the whole range of angle ) that was

tested — from 15 to 30 degrees;

6. u, affects K parabolically — K increases when u, decreases which is
completely opposite from how u, affects N,. The lowest K value
conforms to u, from 0.471 to 0.771 mm;

7. K gradually increases if L is increasing and angle ¢,;, is decreasing.

Thus, the effects of the kerf height on K by decreasing chip thickness
is larger than the effects of the cutting direction in respect to the
orientation of wood fibres.

3.3. Analyze of surface roughness

The impact of angle » only analysed in the section on use of the surface

roughness (R,) to predict bluntness of the tip as the rest of the main cutting
regime parameters did not show any significant impact on surface roughness in
relation to bluntness of the tip that may be explained by anisotropy of wood.
The following conclusions have been performed in analysis of R.:
1. by increasing angle } from 15 to 30 degrees, the actual values of R,

increases insignificantly, while the intensity of its growth decreases;
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2. during the initial bluntness period of the tip, R, increases at an
intensity from 5.326-10to 5.888-10° umm™" that is not
significantly dependent on the angle y;

3. during the monotone bluntness period of the tip, R, increases at an
intensity  from  5.189- 10" to  1.593- 107 pmm™  that
is 3.6 to 11.6 times lower comparing to the initial bluntness period;

4. during the critical bluntness period of the tip, R, increase at an
intensity ~ from  1.061-10° to  2.175-10°umm’  that
is 9.2 to 41.9 times higher comparing to the monotone bluntness
period and 2.0 to 3.7 times higher comparing to the initial bluntness
period;

5. the values of coefficient of determination for curves and straight lines
of R, are relatively low that is related to anisotropy of wood. It means
that the bluntness of the tip not always may be explained by changes in
exactly R,. Thus, it may be concluded that even though the R,
equations are statistically significant they should have only
informative meaning, while the changes of the roundness radius of the
cutting edge must be used for prediction of bluntness of the tip.

3.4. Analyze of roundness of the cutting edge

By analysing changes in roundness radius p of the cutting edge based on

the cutting velocity (20 m s™), it has been ascertained that the initial bluntness
period lies within the boundaries of L from 0 to 900 m (Figure 3.5) that
corresponds to a cutting time of approximately 10 minutes. Radius p during

this period increases at an intensity of 9.163 - 10° um m™. After that, the
intensity of the increase in radius o decreases. It indicates beginning of the

monotone bluntness period of the tip that continues until reaching
approximately 9700 m in cutting trajectory length with the respective cutting
time of 106 minutes. During this period, radius p increases at an intensity

of 3314 - 10° um m™" — increase in rounding intensity of the cutting edge
is 2.76 lower comparing to the initial bluntness period. After the end of the
monotone bluntness period, radius o is rapidly increasing again indicating the

beginning of the critical bluntness period. During the critical bluntness period,
radius p increases at an intensity of 9.685 - 10~ um m™' — the intensity of the

rounding increase is 2.92 times higher comparing to the monotone bluntness
period and 1.05 times higher comparing to the initial bluntness period.

In their turn if the cutting velocity is 50 m s™, the initial bluntness period
lies within the boundaries of L from O to approximately 1000 m, but the cutting
time is around 4.5 minutes. During this period, radius p increases at an
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intensity of 7.623 - 10° um m™. The monotone bluntness period of the tip starts
right after and continues until reaching approximately 13100 m in cutting
trajectory length with the respective cutting time of 58.5 minutes. During this
period, radius p increases at an intensity of 2.298 - 10~ um m™' — increase in

rounding intensity of the cutting edge is 3.3 times lower comparing to the initial
bluntness period. The critical wear period starts after the length of the cutting
trajectory reaches approximately 13100 m where the radius p increases at an

intensity of 7.817 - 10~ um m™" — the intensity of the rounding increase of the
cutter is 3.4 times higher comparing to the monotone bluntness period
and 1.03 times higher comparing to the initial bluntness period.

At the beginning of the cutting process, radius p is from 4 to 5 um, while

at the end of the initial bluntness period it increases almost three
times — 13 to 14 um. However, at the beginning of the critical bluntness period
of the tip, the radius p increases till 41 to 43 pm (Figure 3.6). By comparing

the increase in radius p, it may be concluded that the length of the cutting

trajectory is different after the critical bluntness period has started — the critical
bluntness period starts 33.6 % later if the cutting velocity is increased
from 20 to 50 ms™'. The same coherence may be seen in the comparison
between the cutting velocities of 20 ... 35 m s' and 35...50 ms’l, while
cutting trajectory decreases when comparing the cutting velocity
of 50 and 75 m s (Figure 3.7). Regression analysis equation with a probability
of P = 99.9 % describes the significant impact of the cutting velocity on
bluntness of the tip (Figure 3.7).

It has been ascertained that the rake angle of the cutter linearly impacts
the beginning of the critical bluntness period. By increasing the angle y

from 15 to 20 degrees, the critical bluntness period starts by 10 % later
comparing to if the angle ) is left at 15 degrees and by 7 % later if the

angle 7 is increased from 20 to 25 or 25 to 30 degrees respectively. It proves
the fact the most optimal angle ) is 30 degrees as it not only decreases the

power consumption but also increases the period between sharpening.
Regression analysis equation with a probability of P = 99.7 % describes the
significant impact of the angle » (Figure 3.8).

According to the regression, the feed per tooth, which is an indicator
describing the character of the feed movement, impacts the beginning of the
critical bluntness period linearly. These indicators have a strong negative
correlation (r =0.976) that means that by increasing the u, values the critical
bluntness period begins earlier as the load working on the tip increases as
well — the tip needs to cut off larger volume of wood within the same time
period. By increasing u, from 0.251 to 0.503 mm, the critical bluntness period
starts by 4.5 % earlier comparing to feed per tooth 0.251 mm, by 10 % earlier
in respect to u, = 0503mm if the feed per tooth is increased
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from 0.503 to 0.754 mm, and by 14 % earlier in respect to u, = 0.754 mm if u,
is increased from 0.754 to 1.005 mm. The significance of the impact made by
feed per tooth with a probability of P = 97.6 % is proven by a linear regression
analysis equation (Figure 3.9).

Correlation analysis in respect to the impact of the mean angle between
the direction of the cutting and feed movement on the length of the cutting
trajectory at the beginning of the critical bluntness period show a tight negative
correlation (r = 0.987). The critical bluntness period starts earlier by increasing
value of the angle ¢,;,. This is similar to the impact caused by u, as increase in

both of these indicators also increase thickness of chip and thus volume of chip
cut off within a unit of time increasing the power consumption and facilitating
bluntness of the tip. By increasing angle ¢, from 18.2 to 25.8 degrees, L
decreases by 6.5 % until the beginning of the critical bluntness period; by
increasing angle ¢,,;;, from 25.8 to 31.8 degrees, L decreases by 7.1 %; and by

increasing angle ¢,;; from 31.8 to 36.9 degrees, L decreases by 10.2 %. The
significance of the impact made by angle ¢,,;, with a probability of P = 98.7 %

is proven by a linear regression analysis equation (Figure 3.10).

Based on the obtained regularities between the main cutting regime
parameters and length of cutting trajectory which is the beginning of the critical
bluntness period, it may be concluded that the results may be used in predicting
bluntness of the tip by applying the Taylor's equation.

4. PREDICTION OF CARBIDE TIP BLUNTNESS

Taylor’s equation is useful for prediction of bluntness of the tip as it is
determined in analyze of wood cutting processes. However there is necessary to
establish modifications of Taylor’s equation due to length of the cutting
trajectory is more appropriate for prediction of tip bluntness compared to time
of cutting because the time depends on the feed speed:

v-IY =C, @.1)
or

Inv+y-InL=InC, 4.2)

where v — cutting velocity, m s’l;
L —length of cutting trajectory related to one tip, m;
v — a constant which depends on slope of the curve which

depends on tool bluntness;
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C — a constant which is equal to the naturallogarithm of
intercept of the curve of the tool bluntness and the ordinate.

Whereas, constant i can be characterized by this equation inasmuch as

changes of the tip bluntness are inverse to the classical Taylor’s
equation (Figure 3.7) in range of cutting velocity inspected in the research:

Inv, —Inv
v, =—1.—1—2 (4.3)
InL,—InL,
where y; — a constant which depends on slope of the curve which

depends on tool bluntness dependent on range of cutting velocity;
vy; v, — different values of cutting velocity, m s

L;;L, — lengths of cutting trajectory related to one tip

corresponding to cutting velocities v; and v,, m.

Results of the research (Figure 3.7) indicate that bluntness of the tip is
characterizing with equal tendency of changes in ranges of cutting
velocity 20 to 35 m s and 35 to 50 m s™', therefore it is possible to merge these
ranges. Based on figure 3.7, permissible length of the cutting trajectory till
critical bluntness period is L, = 9779 m if cutting velocity v; =20 ms" and
permissible length of the cutting trajectory till critical bluntness period is
L, =13139 m if cutting velocity v, =50 ms™. Consequently, constant i is

following (Equation 4.3):

In50-1n20

. =-3.060
In13139-1n9779

Wy=20..50 =~
Value of coefficient y is calculated analogically also the rest range of v:

_ . In75-In50
Vv=s0.-75 = 012026-n13193

By inserting results in equation4.2 and -calculating equations of
naturallogarithm, it is possible to obtain that values of constant C are

following:

Crno 50 = eln20+(73‘060)-ln9779 _ eln50+(73‘060)-ln13193 —1233.107"
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CV:SO...75 — eln50+4.378 -In13193 _ eln75+4.378 -In12026 _ 5.465- 1019

Consequently, based on equation 4.1, the Taylor equations corresponding
to the range of the research are following:

Voo so- L0 =1.233.107" (4.4)

Vsg_75- L7 =5.465-10" (4.5)

The equations (4.4 and 4.5) describe length of cutting trajectory (bluntness
of the tip) only based on v, however, by carrying out an analysis of wood
cutting processes it has been concluded that the rest of the main cutting
regime parameters play a significant role as well. The impact of the
rest of the parameters is described by the following replenished Taylor's
equation:

vl yhuf gl =C, (4.6)

where v — cutting velocity, ms™;
L —length of cutting trajectory related to one tip, m;
y —rake angle of tip, degree;
u_ — feed per tooth, mm;
¢,,; — mean angle between the direction of the cutting and feed

movement, degree;

v — a constant which depends on slope of the curve which
depends on tool bluntness;

f —coefficient which depends on rake angle of tip;

x — coefficient which depends on feed per tooth;

g — coefficient which depends on mean angle between the

direction of the cutting and feed movement;
C - aconstant which is equal to the naturallogarithm of intercept
of the curve of the tool bluntness and the ordinate.

Every factor affecting bluntness of the tip changes L by a certain
value in respect to the L as it was at the beginning of the critical
bluntness period during the experimentl (v=50ms"', y=15 degree,

u,=0.503 mm, ¢,, =369 degree) because one variable of each of
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the cutting regime parameters conform to the regime of this
experiment. Therefore, in order to calculate values of the
coefficients f,x, and g it is possible to use equations that are capable of
calculating how many times L changes in respect to the L value observed
during the experiment 1:

L,,
fi=-vlog, Lp” , 4.7)
Pro

Ki :—!//-logu:’_ &l N (4.8)

L,
g =-y-log, 2% (4.9)
(pwdl L
P Puid o

where  f; — coefficient which depends on rake angle of tip;
k; — coefficient which depends on feed per tooth;
g; — coefficient which depends on mean angle between the
direction of the cutting and feed movement;
v — a constant which depends on slope of the curve which

depends on tool bluntness;
VisU,i, @,q; — values of rake angle of tip (feed per tooth, mean

angle between the direction of the cutting and feed movement);
degree (mm, degree);
L, —length of cutting trajectory related to one tip at beginning of

critical bluntness period correspond to values of y;,u_;, @,;;;, mM;

L,y Lpuzo’ L,,.., —length of cutting trajectory related to one

tip at beginning of critical bluntness period correspond to values
of variable cutting regime parameters in experiment 1, m.

Both the angle y, u, and angle ¢,,;, are linear impact on the bluntness of
the tip which means that it is possible to determine coefficients f,x, and g

values only in respect to their minimum and maximum boundaries. It is not
necessary to calculate coefficients for the boundary values of the parameters
conforming to the data of the experiment 1 as it may be concluded that their
value is equal to 0. Thus, calculations should be carried out only in respect to
the maximum boundaries of the variable range, taking into account that
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coefficient y value changes by changing the v range. A summary of

calculations for the constants and coefficients for the Taylor's equation is
shown in table 2.

As a result, in order to predict length of the cutting trajectory that is the
beginning of the critical bluntness period based on cutting velocity, rake angle
of tip, feed per tooth and mean angle between the direction of the cutting and
feed movement, it is possible to use the constants and coefficients shown in
table 2 and the following equation that is obtained from equation 4.6:

1 1 =f -« =g
L=CY vY -yV ul -pY. (4.10)

The equation (4.10) shows the permissible length of cutting trajectory
related to one tip of a ripsaw blade, therefore the obtained result must be
multiplied by the actual amount of tips on the saw blade. In its turn, it is
possible to apply equation 3.5 that is indicating the reading from the wattmeter
connected to the electric motor of the cutting mechanisms in order to determine
the electrical power value at the beginning of the critical bluntness period.

5. CONCLUSIONS

1. During the cutting process, bluntness of the tip (roundness radius of
the cutting edge), the consumed electrical power and specific cutting
work (force) are significantly dependent on the factorial parameters of
the cutting regime — cutting velocity, rake angle of the tip, feed per
tooth, mean angle between the direction of the cutting and feed
movement — and length of the cutting trajectory. Roughness of the
treated surface is significantly dependent on the rake angle of the
cutter and length of the cutting trajectory (bluntness of the tip), while
the mechanical cutting power is significantly dependent only on
electrical power as its prediction model includes both electrical power
and factorial parameters of the cutting regime.

2. Mechanical cutting power obtained from the cutting force
measurements and electrical power obtained from the -current
amperage and voltage measurements is not equal. Electrical cutting
power in longitudinal sawing of aspen wood is 1.11 to 1.34 times
higher than the mechanical cutting power.

3. Bluntness of the tip causes increase in the specific cutting work (force)
when the length of the cutting trajectory increases, thus this increase is

equal to the assessment coefficient of the bluntness of the tip a,,

calculation of which is not only based on working time of the tip after
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sharpening, but also on cutting velocity, rake angle of the tip, feed per
tooth and mean angle between the direction of the cutting and feed
movement.

. Electrical power consumed during the cutting process decreases
by 32 % if the cutting velocity is increased from 20 to 59 ms’,
by 17 to 42% if the rake angle of the tip is increased
from 15 to 30 degrees, by 128 % if feed per tooth is decreased
from 1.005 to 0.471 mm and by 96 % if the mean angle between the
direction of the cutting and feed movement is decreased
from 36.9 to 18.2 degrees.

. The initial bluntness period of a single tip of a ripsaw blade based on
the changes in the roundness radius of the cutting edge is up
to 1500 meters of the cutting trajectory and it is not significantly
dependent on the factorial parameters of the cutting regime.

. The beginning boundary of the critical bluntness period of a single tip
of a ripsaw blade may change from 9700 to 16900 m depending on the
factorial parameters of the cutting regime. The beginning boundary of
the critical bluntness period increases by 35 % if the cutting velocity is
increased from 20 to 59 ms™, by 27 % if the rake angle of the tip is
increased from 15 to 30 degrees, by 32 % if feed per tooth is decreased
from 1.005 to 0.503 mm and by 28 % if the mean angle between the
direction of the cutting and feed movement is decreased
from 36.9 to 18.2 degrees.

. Constants of Taylor's equation for prediction bluntness of the tip are

w=-3.060 and C =1.233-10""!, if cutting velocity is in the range
of 20t0 50 ms”, while these constants are W =4.378 and

C =5.465-10", if cutting velocity is in the range of 50 to 75 ms™ in
longitudinal sawing of aspen wood.

. The developed method for prediction bluntness of the tip and electrical
power consumption by taking into account the cutting velocity, rake
angle of the tip, feed per tooth, mean angle between the direction of
the cutting and feed movement and length of the cutting trajectory
shows a significant credibility level.

6. SUGGESTIONS

. The following cutting regime with the following parameters should be
used in longitudinal sawing of aspen wood in order to increase the
length of the cutting trajectory until the critical bluntness period and
till 29 % decrease power and thus the related expenses consumed
during the cutting process: cutting speed 59 ms™', rake angel of the
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tip 30 degrees, feed per tooth 0.471 mm, while the mean angle
between the direction of the cutting and feed movement should be as
little as possible that may be achieved by placing the materials to be
sawed as close as possible to the periphery of the ripsaw blade. Other
cutting regime parameters should be determined based on the
aforementioned values.

. The improved Taylor's equations as well as its constants and
coefficients should be used in order to determine the length of the
cutting trajectory of period between sharpening of the tips, while the
following regression equation should be used to determine the length
of the cutting trajectory L, m, respective value of electrical power

N,;, W, based on cutting velocity v, m s, rake angle of the tip 7,

degree, feed per tooth u_,, mm, mean angle between the direction of
the cutting and feed movement ¢,;,, degree: N, = 1.072:1072 - L-
~6.750-v—5.989-107% -v* —4.284 - 7 —230.849 -u_ +259.407 -u? +
+3.029-¢,,, —2.235.

. The duration control of the period between sharpening of tips should
be carried out based on the results from the wattmeter installed on the
electric motor of the cutting mechanism that may be connected to the
electronic information system that is sending a notification regarding
the beginning of the critical bluntness period when the calculated
value of electrical power is reached.
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