BUKOPUCTOBYETHCS AJI1 BUTOTOBIICHHS JnepeBUHHOCTPY)KoBUX T ([ICII). Po3pobneno mpaktudsi
pexomenanii moao Bukopuctanus BXX]] y supoOuunrei JCII. docmimkeHo mpobieMy, BUPIIISHHS
sKOi 3a0€3MeUnTh YTBOPEHHS PeCcypco30epiralouux Ta eKOJOTIYHO Oe3MEYHUX TEXHOJIOTIH Ha OCHOBI
Bukopuctands BXX/I. BcranoBneno, mo mana npobiema Moke OyTH BUpIIIEHA B KUIbKA €TaIliB: OIliH-
Ka MOTOYHOTO CTaHy npobiemu; oOrpyHTyBaHHs kiacudikamii BXK/] Ta ouinku ii moteHmiamy; po3po-
OJICHHS METOIWMKH ISl IPOBEICHHS €KCIIEPUMEHTAILHUX JOCHIHKEHB; MOICIIOBAHHS TEXHOJIOTIYHHX
MPOIIECiB; aHaTI3 PE3y/IbTATIB EKCIEPUMEHTAIBHUX JOCIIHKEHB; PO3POOJICHHS TEXHOJIOTTYHUX MPOIIe-
CiB 1 IPAaKTUYHUX PEKOMEHMAIlIN 110,10 BUKOpucTanHs BXX]I; 3aiificHenHs AoCikeHb Yy BUPOOHUUNX
ymoBax. Bukopucrano cuctemuuid minaxin i go yrumizamii BXK/I. Hocmimkeno srumB BMicty BXK/I y
KO>)KHOMY 13 IIapiB Ta B’sDKy4oro Ha (¢i3uko-mexaHiuHi BiaactuBocTi TpumapoBux JCII — miHicTh
NPU CTaTHYHOMY 3THHI, PO3TATY MEPIECHAMKYISIPHO O TUIOIIMHY TUTMTH Ta HaOpskaHHsA. OTpuMaHO
aJIeKBaTHI MaTeMaTUYHI MOJIeNi 3ayexkHOCTI (pizuko-mexaHiuanx Baactuocteit JICII Bix Bmicty BXK]]
B KOX)KHOMY Iapi i B’spKydoro. byio 3anmpornoHoBaHO CTBOPUTH AUTHHUINO 1Is mmiarotoBku BXK/I. pos-
pobuieHo meToauky BupoOHunTBa Tprmaposux JCIT i3 BX/I.

KurouoBi ciaoBa: BxuBana nepesuna, moteHmian BX], JICII, cTpyxka, BIacTUBOCTI IUIHT,
MaTeMaTH4YH1 MOJIell, IepeBO 0OpOOITIOBaNIbHI TEXHOJIOT1, MPAKTUYHI peKOMEHallii.
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LOCATION OF SAWING PATTERN ON THE COVERING WORKING ZONE OF
SEGMENT AND SECTOR WITH CONSIDERATION OF THEIR REAL SHAPE

The simulation method for variants of location of sawing pattern on the working zone covering
by sawing pattern of segment and sector was considered. Consideration of real shape for log (segment)
based on results of scanning for shape surface of log cross sections was provided for simulation process.

Keywords: log, segment, sector, covering working zone, location of sawing pattern, real shape,
simulation, volume, log rotation.

Statement of problems and research currency. During the work [1] the topicali-
ty of research is proven and the simulation method for variants of location of sawing pat-
tern on the working coverage zone of log is developed with the consideration of natural
fluctuations of its real size characteristics, the usage of which will provide the lumber
sawing of minimally acceptable and larger sizes. Given method is mathematically proven,
experimentally confirmed and applicable to the determination of all possible variants of
location of sawing pattern on the working coverage zone of log. It is also applicable to the
determining of optimal variant which is characterized by the dimension of step displace-
ment of working coverage zone and turn angle of log around the linear regressive axis.
Instead, a similar problem on simulation of variants of location of sawing pattern on the
working coverage zone of segments and sector with the consideration of natural fluctua-
tions of its real size characteristics is almost undiscovered. Therefore, it is actual line of
research, which requires scientific argumentation and solution.

The analysis of existing researches. It is important to mention that despite the
detailed researches in the sawmill technology that were carried out in order to solve the
problem of rational sawing of logs (cants, segments) on sawn timber by sawing process
simulation, this issue is not fully solved [1-3]. Therefore, in the present paper the devel-
opment of theoretical and practical approach to the process of log sawing is suggested,
in particular the method of simulation of variants of location of sawing pattern on the
working coverage zone of segment and sector with the consideration of its real size.

51



The features of simulation for variants of location of sawing pattern on the
working zone covering of segment and sector with the consideration of its real size.
The determining method of width of the working coverage zone of segment and sector
with the consideration of its real size is provided in the paper [2].

The freedom of location of sawing pattern on the working coverage zone of seg-

ment and sector is defined as:
G

Ao = A+pr—2(tg +dtg+pr), (1)

g=1
where: 4 — width of working coverage zone of sawing pattern of segment and sector; pr
— thickness of saw cut; t, — thickness of g lumber; di; — drying of g™ lumber; g — an se-
rial number of lumber on the sawing pattern (lumber must be renumber from left to
right for the logical presentation of information); G — the amount of lumber in the saw-
ing pattern.

The displacement step of sawing pattern on the working coverage zone is pre-

. ﬁ“max
sented as: A, ="""%,49=0,p, 2)

p
where p — a number of variants of sawing pattern location on the working coverage zone
(defined a priori).

On purpose to evaluation of sawing pattern of logs (segments, sectors) the com-
parison of lumber volume received by various variants of sawing pattern on the working
coverage zone is provided. Determination of lumber volume, which along with volume
recovery (yield) is one of the determinant criteria for evaluation of sawing pattern was
conducted as for the lumber with the consideration of its type (unedged lumber, one-
sided edged lumber, combined lumber, one-sided wedged and two-sided wedged lum-
ber), as well for the process of sawing of edged lumber from unedged lumber, one-sided
edged lumber, combined lumber, one-sided wedged and two-sided wedged lumber).

In the process of lumber size determining, sawed from a log (segment, sector), for
each of meanings 4 , that characterizes the variant of location of sawing pattern on the

working coverage zone, it is necessary to make a calculations of the width of internal
and external faces at each cross section (i =0,_N) and acceptable lumber lengths. The
thickness of lumber is taken from sawing pattern of segment and sector, received by the
exhaustive method of all acceptable variants.

The simulation for variants of location of sawing pattern on the working cov-
erage zone of segment. The width of sawn timber face on each cross section (i = O,_N) of
g™ one-sided edged lumber (g = ﬁ) from the sawing pattern of segment (Fig.1) is de-
fined as:

-1
o Left R(p)cosp=—"4" + A, + gz:(ts +d, + pr), pe(0,7); (3)

§=

o Right R(p)cosp=—"4"+1, + i(ts +d, + pr)— pr, pe(0,7). 4)

s=1
According to the solutions ¢!*) of equation (3) and ¢¢) (4) we will find the width
of left (Lbl,(g )) and right (Rbi(g)) faces of one-sided edged lumber on i cross section:

b = (R (01 )sin(p))- o ); (5)
b9 = 2(R (0l )sin(pl))- o), (6)
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ﬂ’ ﬂ 2 bmin

where: » is a characteristic function =
o (Z(ﬂ ) {o ELSE.

]; o 1s the distance from linear

regressive axis of log to the sawed part of segment.
P L / /

A 4

7'y
J A
A
L 4

Fig.1. The location of sawing pattern on the working coverage zone of segment (i"
cross section): a) initial (leftmost) locating of sawing pattern; b) displacement of saw-
ing pattern on a step A,

Note if there is at least one of the meanings ,5®) or 5 of the width of face on
some cross section is less than 5_., then it accepts as equal to zero.

Let us additionally set ,5%®)=,5®)= bl = pls) —0 (on both sides of the log ends)
and,p¢), b simultaneously equal to zero, if at least one of the equations (3) or (4)

does not have solution. Then, it is necessary to define acceptable length of fragment of
g™ lJumber according to the fixed meanings ,5 and ,5'¢)

The terms “left” and “right” sawn timber faces characterize g lumber with the
numeration of lumber location in the sawing pattern from the left to the right. It is nec-
essary to mention that the identification of internal and external faces in the sawing pat-
tern is realized depend on their location with regard to the linear regressive axis of log.

The conditions of acceptability of g™ lumber fragment (7, >/, and b, >, along

the full length of fragment), if it is located between known edge cross of log i*) and i{*/
(j 1s an serial number of g™ lumber fragment), can be written as follows:
b¥) =0 OR b =0;

in™ ; ex i —1

b®) =0 OR b =0; (7)

in zz ex iy +l

mbl.()Zb B >b (i, <i<i,) AND (i, —i, Jr>1

min > exi min 2

where 4 1is the step of scanning.
Simultaneous performance of mentioned below conditions is an indicator of the
presence of acceptable g lumber fragment:

in bz(g)—l.ex bz(lj)—l = O

WD) B > 0;

mbz(zg) exbz(z £) > O (8)
mbz(zg)-*—l'ex bz(z )+l O

(ZZj - llj )h = lmin'

The volume of identified acceptable g™ lumber fragment is defined as:
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;-1 (g)
e one-sided edged lumber Vj(g)(”“‘) = z (i”b - )/ 2;( bl bk“)/ ht, ; 9)
k=i

o edged lumber (with parallel edges) V¢ (2] ilj)k nin ](inb,gg),exb,gg))htg; (10)
b, (11)

e.max) _ ; ; 1 (g)
= max max (j—i mln(A b?*’,
0SiSn-mi+mSan(] )lSij ik ex

e edged lumber (of maximal volume) ng

where i, j are an serial number of running scan (see [1])
The solving method for sawing of edged sawn timber of maximal volume is pro-

vided in the paper [1].
The total volume of acceptable gth lumber fragments is defined as:
e one-sided edged lumber V' Z Zf (12)

t]/—Ozzj—z]/ +1

o =1, IF o ~TRUE (13)

e where &, is a characteristic function of conditions (8) { ;
5() 0, IF .y —FALSE

Zif

e edged lumber (with parallel edges) =002 =h; ; (14)
e edged lumber (of maximum volume) ¥ (&Xem) = z Z Sy Je.max) (15)
z]/—OzZ/—z]/-H
The total volume of lumber sawed from the segment is defined as:
e one-sided edged lumber ys) = i pleos) . (16)
e edged lumber (with parallel edges) V') = i ylele) (17)
e edged lumber (of maximum volume) ¥ = i (e )emax) (18)

g=1
The simulation for location of sawing pattern on the working coverage zone
of sector by sawing of radial sawn lumber. The width of face on each cross section
(i = W) of g™ one-sided edged lumber (g = ﬁ) from the sawing pattern of sector

(Fig.2) is defined as:

-1
o Left R(p)cosp=—"4"+1, + gZ:(ts +d, + pr), ) 6(4 <p< 377[) ; (19)
s=1
. £ 3z
e Right Rl.(w)COS¢ ="A"+ 1, + Z(ts +d, + pr)— pr, Qe ( 4 <p< Tj (20)
s= l

According to the solutions ¢'*) of the equatlon (19) and ¢'¢) of the equation (20)
we will find the width of left (Lbl, )) and right (Rb,. )) faces of one-sided wedged lumber

on ith cross section:

= z[ R (0 fsin(pl#!)— cos(pl®))) - %} : 1)
b = (R,. ((oj(f )Xsin((ol(eg ))— cos((pl(eg )))— %] . (22)
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Fig. 2. The location of sawing pattern on the working coverage zone of sector by saw-
ing of radial lumber (i cross section): a) initial (leftimost) locating of sawing pattern;
b) displacement of sawing pattern on a step 2,

There are additional conditions such as the condition of acceptability of g lum-
ber fragment (7) and existence indicator (8). Both are similar for one-sided wedged
lumber and one-sided edged lumber. The volume of identified and acceptable g™ lumber
fragment is defined as: one-sided wedged lumber (9), edged lumber (with parallel edg-
es) (10), edged lumber (with maximum volume) (11).

The total volume of acceptable fragments of g® lumber is defined as: one-sided
wedged lumber (12), edged lumber (with parallel edges) (13), edged lumber (with max-
imum volume) (14). Then, the total volume of radial lumber sawed from the sector is
defined as: one-sided wedged lumber (16), edged lumber (with parallel edges) (17),
edged lumber (with maximum volume) (18).

The simulation of variants for location of sawing pattern on the working
coverage zone of sector by sawing of tangential lumber. The width of face on each
cross section (i = m) of g" two-sided wedged lumber (unedged in curvilinear zone of

sector) (g = ﬁ) from the sawing pattern of sector (Fig.3) is defined as:

e internal R (p)cosp="A4"+ 4 +Z(t +d, +pr) ¢e(—% %j, (23)
s=1
e external R (p )cos¢—5AL+/1 +Z(t +d, +pr) pr, gpe[—%,%). (24)

According to the solutionsg¢), ol¢) (_Z <pl¥<0<pl¥) < %) of the equation (23)

we will find the width of “upper” and “lower” part of internal sawn timber face of g
lumber depending on the hit of cutting plane (saw cut plane) on edged plane or curviline-
ar zone of sector, in particular:

1= i o)) i o). 1, - 2 25)
= o)) ol o) 4,25
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Fig. 3. The location of sawing pattern on the working coverage zone of sector by saw-
ing of tangential lumber (i"* cross section): a) initial (leftmost) locating of sawing pat-
tern; b) displacement of sawing pattern on a step 2.

Similarly, according to the solutions ¢, @!¢ (—Z<¢fb)<0<go§b %} of the

equation (24) we will find the width of “upper” and “lower” part of external face of g™
lumber depending on the hit of cutting plane (saw cut plane) on edged plane or curviline-

ar zone of sector, including:
sm(go( )) ) x/_D (27)

” bl.(g) = ;((min Ri((oz(b )j
l::bi(g) :Z(min Ri((ol(b )j sm( (s )j ) \/_B (28)
Then, according to the solutions (25) and (26) we will find the width of internal
face. According to the solutions of the equation (27) and (28) we will find the width of
external faces of side lumber on i cross section:

b Z(upb(g) zuwb( )j (29)

m 1

ple) = (upb(s) lowb( )j (30)

1
ex 1 ex i

in

ex

There are additional conditions such as the condition of fragment acceptability for
g™ lumber (7) and existence indicator (8). Both are similar for two-sided wedged lumber
and one-sided edged lumber.

The volume of identified and acceptable fragment for g lumber is defined as:

e two-sided wedgeg v =yl 1 yle) (31)
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Vj(lg):iuz‘,( b + blk )/2+(mblk+l+ blk+l)/ ht -

k=iy; 2 ¢
V_/(ig) — :Zl‘;( b + bZk )/2 +2(m b2k+1+ b2k+1)/2 htg ,

Where' ble)

lk 9 ex

of g two sided wedged lumber respectlvely, bl® ¢ are the width of internal and

b'¢) are the width of internal and external sawn timber faces of lower part

external sawn timber faces of upper part of g two-sided wedged lumber respectively;
e cdged lumber (with parallel edges)
pake) — pleke) oy (32)
J J J ?

ip; -1

zmln(zn 1k vex lk )htg;

k= i

12/71

I/v/(2 z mln(m bgk)’m bZ(i))ht

k=iy;
e edged lumber (of maximum volume)
y@em) — max  max (j—i);((mm( B ple ))+ mln( Bl ,;)))htg. (33)

J 0<i<n-mi+m<j<n

The total volume of acceptable fragments of g lumber is defined as: two-sided
wedged lumber (12), edged lumber (with parallel edges) (13), edged lumber (with max-
imum volume) (14). Then, the total volume of tangential lumber sawed from the sector
is defined as: two-sided wedged lumber, edged lumber (with parallel edges) (17), edged
lumber (with maximum volume) (18). It is necessary to mention, that during the process
of quarter (sector) sawing method into tangential lumber from curvilinear sector zone,
except two-sided wedged lumber we could also get unedged and conventionally un-
edged (combined) lumber [4], the calculation method of which is analogues to the cal-
culation method of unedged lumber taken from the simulation process for variants of
location of sawing pattern on the working coverage zone of log [1].

The features of simulation for variants of location of sawing pattern on the
working coverage zone of segment and sector by their rotation around the log axis
at defined angle. It is known [2] that the width of working coverage zone of sawing
pattern of log (cant, segment and sector) depends on different variants of log rotation
around its axis at defined angle. Consequently, the calculation of location of sawing pat-
tern on this zone for each rotation angle of log gives us the possibility to find the vari-
ants which will provide the optimal recovery (yield) of lumber.

In a case of usage of sawing methods which provide sawing of segments and sec-
tors that are further sawn up into lumber, the lumber volume for each rotation angle and
for each its part (cant, segment and sector) should be calculated. For example, the opti-
mal recovery (yield) of lumber from a log for the quarter (sector) sawing method is de-

fined as: v, = max(max(max 4 j - max(max Vz) + max(max V3j + max(max VJ] , (34)
94

M q S, Q@ S3 q3 Sy
where: ¢ the rotation angle of log around its axis; ,,7,,V,,V, the volumes of lumbers
from 1%, 2", 3™ or 4™ sectors; S,,S5,,S,,S, sawing patterns that are used for the sawing of
related sectors; ¢,,4,,9;.q, the quantity of displacement steps for sawing patterns on the
coverage zones of related sectors.

57



In case of technological need to use one of the sawing patterns for all sectors, the
formula (34) can be written as follows:
V.. = max(msax(max V, + max V, + max V, + max VJ] : (35)
4 a3 94

Qi 92

Conclusions:

1. The simulation method for variants of location of sawing pattern on the work-
ing coverage zone of segment and sector with the consideration of natural fluctuations
of its real size characteristics is developed. The usage of it will provide the lumber saw-
ing of minimally acceptable and larger sizes. Given method is mathematically proven,
experimentally confirmed and applicable to the determination of all possible variants of
location of sawing pattern on the working coverage zone of segment and sector.

2. The approach towards the simulation for variants of location of sawing pattern
on the working coverage zone of segment and sector applicable for main industrial pro-
cesses of log sawing into lumber.

3. The comparison of lumber volumes, sawed from log, segment(s) and sector(s),
by various variants of location of sawing pattern on the working coverage zone depend-
ing on log rotation around its axis at defined angle, gives the possibility to determine an
optimal variant, which is characterized by the displacement step of sawing pattern on
the working coverage zone and angle of log rotation around the linear regressive axis.
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Po3mimeHHs1 cxeMu pO3NWIIOBAHHS HA Po004ili 30Hi 0XOIVICHHS
CerMEeHTAa Ta CEKTOpa 3 ypaxXyBaHHAM IX peajbHOI popMHU

HaBeneHo MeToMKy MOJCIIOBAaHHS BapiaHTIB PO3MIIIECHHS CXEMHU PO3MIIIOBAHHS Ha poOoUiit
30HI OXOIUICHHSI CErMEHTa Ta CEKTopa. Y IMpoLeci MOAETIOBAaHHS Mepea0ayeHo ypaxyBaHHs peaabHOi
dbopmu KoJ01M (CETMEHTa, CEKTOpa), OTPUMAHOI 3a pe3yIbTaTaMu CKaHyBaHHS (OPMH TTOBEPXOHb IO~
NEepeYHUX MEPEeTHHIB. 3 METOIO OILIHIOBAHHS CXEM PO3IMIIOBAHHS KOJOJ (CETMEHTIB, CEKTOPIB) Iie-
pendadeHo TOPIBHSHHA 00’€My MUJOMarepialliB, OTPUMAHOTO 3a PI3HUMHU BapiaHTaMU PO3MIMIECHHS
CXEM pPO3MUITIOBAHHS Ha POOOYiil 30HI OXOIJICHHS CETMEHTa (CEKTOpa) Ta 3aJeKHO BiJl 0OepTaHHS KO-
JIOJTA HABKOJIO JIIHIWHOT perpeciiiHol 0ci Ha 3aIaHHUM KYT.

Kao4oBi ci1oBa: Konoaa, CErMeHT, CEKTOp, podoua 30Ha OXOIUICHHS, PO3MILLEHHS CXEMH PO3-
MAJTIOBaHHS, pealibHa (hopma, MOJIETIOBaHHS, 00’ €M, 00EpTaHHS KOJIOIH.
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