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THEMATHEMATICAL MODEL OF SAWING BY BREAKDOWN AND SEG-
MENT METHOD FORLOGSWITH ELLIPTIC FORM OF CROSSSECTION

The mathematical model of sawing by breakdown awpinent method for logs with elliptic and circu-
lar forms of cross section is developed. Its rdiigths confirmed by experimental results that'swwit can be
used for prediction of sawn timber volume recowanger industrial sawing.
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Introduction. The detail study of rational sawing methods of raaterials on
sawn timber is realized in different directions botne features of these researches are
investigated insufficiently. The number of studiesncerning influence of real log
shape on volume recovery of sawn timber is verytéich This direction is important
because information about real log shape and ceration of log quality are the main
prerequisites for increasing of sawn timber volus®overy [1].

It is known that log shape is considered as a iceg@ometric figure for perform-
ance of theoretical calculations for predictionsaiwn timber volume recovery. The
truncated paraboloid of revolution or the truncatede belongs to the most extended
and analyzed figures [2-4]. However, for the majonf sawed logs these geometric
figures don't reflect the real log shape and someartant characteristics (for example,
ellipticity and curvature). Analysis of abovemenea geometric figures indicates the
existence of substantial deviation of theoretiealits and results of real sawing.

Using of laser scanning technology allows to déecthe log as a surface con-
necting log cross sections approximated by splimellgpse [5-7]. However, the practi-
cal application of this approach is confined beeatievaluates shape of a single log
only or defects influenced on your sawing pattemd avoids the solving of problems
related to prediction of volume recovery for rawtereals.

Other variants of log shape presentation for dgoraknt of mathematical models
of log sawing have been reported in the literatbgg.example, truncated paraboloid of
revolution has been used for log description urmeakdown and segment sawing [8,
9]. Truncated elliptic paraboloid of revolution hiasen served for creating of mathe-
matical model of breakdown sawing. It is very efifeely for elliptical logs as well as
logs with circular cross sections [10]. The mathicah model described in this paper
has considered not only the choice of a geomagoé reflecting the optimal shape of
logs to provide the best pattern of log sawingibalso examines the influence of se-
lected log shape on the increasing of sawn timlodurwe recovery. Thus, the close
links between theoretical researches, developmemew software based on mathe-
matical models and optimization of rational usemobd raw materials will be provide
the successful performance of industrial sawing

Development of mathematical model of sawing by breakdown and segment
method for logs with elliptic form of cross sections. Log sawing by breakdown and
segment method consists of two steps:

* log sawing into unedged boards and two segments;
» sawing of received segments into one-side edgeiboa

The mathematical model of sawing for logs withpit cross section on unedged
boards by breakdown method has been describe@ref@]. We try to improve it and
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develop the mathematical model of log and segmeningy by breakdown and segment
method. Log shape is presented as a truncatedie|bigraboloid of revolution and de-
scribed by canonical equation [11}#/p + Z/q =2x, (1)
where: pand g — parameters of elliptic paraboloi@ £ 0, g~ 0).

The width of unedged board face is determined byibas [10]:
a) for orientation of kerf in parallel to larger axf ellipse at the log sawing® pass)

b =2y = zJRZ R y+re-R R e 2)
rz _rl
b) for orientation of kerf in parallel to smallexia of ellipse at the log sawing${pass)
2 rz2 - rlz 1 2 rz2 - rlz 2
by =2z=2 | ~—X+r"-————a". (3)
L R, -R

The received symbols medr;, R, — larger semiaxis of small and large ellipses
(top and bottom butt-ends) respectivaly;r, — smaller semiaxis of small and large el-
lipses (top and bottom butt-ends) respectively; variable coordinate of distance from
top butt-end to cross section where the width adrdas defineda — distance from
board face to log axis. Since unedged boards aveds&om central part of log (py-
thagorean zone) then their length is amountedgkelogth.

Determination of width of one-side edged board shimem segment can be con-
sidered as a particular case of width determinattwrunedged board:he coordinate
origin is transferred in the centre of upper cresstion of log for determination of
width for face of one-side edged board in any pfimt top butt-end of log (fig. 1).

Variable coordinatey and z remain constant, whereas coordinatemust be
changed in accordance with a new system of coaeBnariable coordinate let as or
x=X+x regard to previous central pointxz or new central poin¥XZ respectively.

The width for face of one-side edged board candberchined by following formulas:
a) for orientation of kerf in parallel to larger axf ellipse at the segment sawing§’(®ass)

l —
b:, =22, 4
b) for orientation of kerf in parallel to smalleris of ellipse at the segment sawing(gass)
2
-2
02, =22 )

Insertingb, from (2) and (3) into (4) and (5) respectivelysthecomes:
a) for orientation of kerf in parallel to larger axof eIIipse at the segment sawin§’(2ass)

Z\/RZ I:\)1x+F\’1 I:\’fn -2z
bl 2
2

.y ; 6)
6) for orientation of kerf in parallel to smalleriayof ellipse at the segment sawing“@ass)
2_,2 2_2
2 1 ,,.2__2 1 2_
2 TX +r 5 m< -2y
2 _ 2 1
b = 5 (7)
where: n — distance to cross section plane of elliptic palaid throughout axig;, m —
distance to cross section plane of elliptic paraigahroughout axig.
For calculation of sawing scheme, the distanceacé fooard from log axis is de-

fined asa and(or) €. Let thata — distance of board face from log axis in tfipass
and e — distance of board face from log axis in tH‘&@ss. Taking that = (a+ pr),
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n=e (for orientation of kerf in parallel to larger axof ellipse at the segment sawing),
y=(a+pr), andm=e (for orientation of kerf in parallel to smallerigyof ellipse at the

segment sawing), the formulas (6) and (7) can likenras:
a) for orientation of kerf in parallel to larger axf ellipse at the segment sawin§*(@ass)

bj_OZ[\/—RZZ_RlZ x’+Rf——RZz_R;2 eZ}—(a+ pr); (8)
L r,y —r
b) for orientation of kerf in parallel to smallexis of ellipse at the segment sawing(gass)
bZ, = [\/—rzz e X +r?- iy ezl—(a+ pr), (9
b.0 L RZ - R?

a)

--.,__H__RH“—._P—FI-F._,, 3
Fig. 1. The scheme for calculation of log sawingtivielliptic form of cross section
into unedged and one-side edged boards by breakdomsegment method:
a) graphical image; b) solid computer image.
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The width of one-side edged board in top butt-ehtbg can be determined by
formulas (8) or (9) forx =0:
a) for orientation of kerf in parallel to larger af ellipse at the segment sawin§*(@ass)

2 _ p2
b0 = £\/Rf —%ez } —(a+pr); (10)
2 1
6) for orientation of kerf in parallel to smalleriayof ellipse at the segment sawing“@ass)
2 _ .2
v 2| e, @

The width of one-side edged board in bottom butt-eflog can be determined
by formulas (8) or (9) fox'=L:
a) for orientation of kerf in parallel to larger axf ellipse at the segment sawing§?(®ass)

bj.o.ei(b = {\/RZZ -

6) for orientation of kerf in parallel to smalleriayof ellipse at the segment sawing‘@ass)

r2_r2
bl =| 4|12 —-5—25€ |—(a+pr). (13)
=

The length of one-side edged board can be detedfifaen formulas (8) or (9):
a) for orientation of kerf in parallel to larger axof ellipse at the segment sawin§%(gass),

p— eZ}—<a+ pO); (12)

2 _ 2
when es\/(rlRl) (Rl(a+ pr)) — length of one-side edged bodrd (without shortening along the

N

(rR)* - (R.(a+ pn)*

n

— at a some distanoe

full length) is equal of log length. , or when thee>\/

from top butt-end of log, the length of one-sidged board  is smaller than log length whereas the

width of the external face board in the top butt-equals zero;
b) for orientation of kerf in parallel to smallexis of ellipse at the segment sawing“(@ass) at

2
the eg\/(rlRi)z _(gl(aJ’ ) _ length of one-side edged bodrd (without shortening along the full

2 2
length) is equal of log length., or at thee>\/(r1R1) _(Igl(a+ pn) — at a some distancé from top

butt-end of log, the length of one-side edged bdards smaller than log length whereas the width of
the external board face in the top butt-end eqeais.
Let that x =L -1, (when the width of board,, is equal zero and inserting it in

formulas (8) and (9), then becomes:
a) for orientation of kerf in parallel to larger axf ellipse at the segment sawing’(2ass)

{\/Rzz_Rlz (L_|jo)+R12_R22_R12 62}—(a+ o =0 It :L(Rzz—(a+ pr)? _ zez ZJ (14)

L ' r22 - r12 Rz2 - R12 ry =1

b) for orientation of kerf in parallel to smallexis of ellipse at the segment sawin§‘(@ass)

2 2 2

r2—r?2 r2—r r; —(a+pr)’ e
{JZ—Ll(L-lso)ﬂf—Rg_glzez}<a+pr>=o: l3.0=L(2 arpn (15)

ry —r Rz2 - R12
The width for external face of one-side edged baarthe top butt-end must be
equal or greater than blank width for productiomlainks from one-side edged board. If
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this condition is disturbed the board must be ¢utTdhe length of shortening one-side
edged board is determined as follows:
a) for orientation of kerf in parallel to larger axf ellipse at the segment sawingd’(2ass)

— — LEE(b:mn+(a+pr)) R1+R2 R j
brtln :£\/R2ER1 X'+R12_|?22::_Qzl 62}_(a+ pr):> X =

rl

| RZ _ R12
When the value ok =L -1 , then
6K.0.0
LEE - (bt + @+ p))* - F:é:rR; ezj
I(:iLKOO = Rz_Rlz : - (16)
or:
1 — ( m|n + (a+ pr)) ez
I8K.0.0 - LI:E Rz Rl r _ rlZ} (:h'@

b) for orientation of kerf in parallel to smallexis of ellipse at the segment sawing‘(@ass)

2 _ .2
L (briin +(a+ pr))z_r12+ r22 rlz eZ
r2-r? ry—r’ R R
brf\ln = 2 L : X'+I’12—R222 le’lz e’ —(a+pr))=x-= 2 _p2 :
- 2 —hh
Letthaty =L-12 , then
6K.0.0

2 _ .2
i - v o0 - L
oo = : 17)
rz _rl

|2 =L I:Erzz ( min + (a+ pr)) ez } (]17
6K.0.0 r _ rl Rzz _ R12

The maximal coverage of segment by sawing schehgentaximal distance be-
tween extreme kerfs is must be calculated for desong of waste in slab. It is provide
the production of extreme side boards with minia@ateptable size concerning specifi-
cation and minimal waste in slab. The determinatibmaximal coverage of log diame-
ter by sawing scheme in thé& pass (for sawing of unedged boards and two seghent
can't perform because the length of unedged baangd at the *Lpass is equal of log
length and the width in the top butt-end is gre#it@n the minimal possible width of
blanks. So we determinate the maximal coveragegfent by sawing scheme in the
2*' pass only (for segment sawing).

For determination of width of one-side edged baardsed the formulas (8) and
(9). If the received one-side edged boards havemmainacceptable width and length as

well asx'=L — |in andby. = bmin, the formulas (8) and (9) are given by:
a) for orientation of kerf in parallel to larger axf ellipse at the segment sawm@d(t‘j!ass)

2 _ 2 _p2
b :[\/—R2 LRI (L I;m)+ Rf——Rzz_il e’ |—(a+pr) =

or:

r2 1
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l
E., =2e= \/ [ Ly —(a+pr)>-2b (a+ pr)- ( mm) j; (18)
b) for orientation of kerf in parallel to smallexia of ellipse at the segment sawing’(@ass)
.2
m|n \/ _Iriln) rlz_l_riz_'l‘:lelzezl_(a-* pr):>
_ 2
EZZPHH = 26 - 2\/ RZZ R; [rZ - (rZ - rlz)lmln (a+ pr) 2br$\|n (a+ pr) ( m|n )zj . (19)
r, =n

For more precise of length determination of shongmone-side edged board and
maximal coverage of segment by sawing scheme i$ bautaken into account shrink-
age of wood throughout width in respective desmmiulas.

The theoretical calculations and their comparisah vesults of experimental re-
searches are indicate that developed mathematiedéinof sawing by breakdown and
segment method for logs presented as truncatgdielparaboloid can be used for pre-
diction of sawn timber volume recovery in indudtganditions.

Conclusons:

1. The mathematical model of sawing by breakdowdh segment method for logs
with elliptic cross section is developed. The tledioal results are confirmed by experi-
mental researches. Thus this mathematical moddbeased in industrial sawing.

2. It can be used also for prediction of sawn timlmume recovery for logs with
circular form of cross section which sawed by bdeakn and segment sawing.
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MaremaTu4Ha MoeJb PO3NUJIIOBAHHA PO3BAJbHO-CEIMEHTHUM CIIOCO00OM K010 3
(opMo10 MONEpeYHOro nepeTUHy y BUIJISAAIL ejainca

HageneHo pe3ynbratu AOCTIIKEHHS MOKJIMBOCTI TEOPETUYHOIO MPOrHO3YBaHHS BUXO-
Ay TUIOTIPOAYKITIT 32 PO3MITIOBAHHS PO3BaIbHO-CETMEHTHHM CIIOCOOOM KOJI0T 3 (hopMoro 1mo-
MEPEYHOTO MEePEeTUHYy y BUTIISIL eninca. He3Baxkatoun Ha MpOBEJEHI IPYHTOBHI JTOCTIKEHHS
npoOJeMH PalliOHATBHOTO PO3NWIIOBAHHS MUJIOBOYHOI CHPOBMHM Ha MUJIONPOAYKIIIIO, ICHYE
pAI HampsIMIB JOCIHIIKEHb, sIKI BUBUE€HI HENOCTaTHbO. OAMH 13 HUX — JOCHIJKEHHS BILIUBY
peanbHO1 (POpMHU KOJIOAM Ha 00 eMHMI BUX1J nujonpoaykuii. OcKiibKM BpaxyBaHHs 1H(Op-
Malii mpo peanbHy (pOopMy KOJOIM HAapIBHI 3 BpaXyBaHHSAM ii SKOCTI € OCHOBHOIO NEPEAYMO-
BOIO MIMOBIPHOTO 30UIbIIEHHSI BUXOAY MUJIONPOIYKIIi, TO Oe3MnepeyHo Leh HAmpsiIMOK JOCIi-
JOKEHb — aKTyaJbHUN. 3 TEOpil TEXHOJIOT1i JICOMWISHHS BIIOMO, IO ISl TEOPETUUHHUX PO3pa-
XYHKIB 3 METOI0 IPOTHO3YBaHHS BUXOJY MMJIONPOAYKUii, popMy Kojoau y Oararbox JOCIi-
JDKCHHSIX TPUUAMAIOTh 32 TE€OMETpUUIHY (irypy obepTaHHs, 30KpemMa — 3pi3aHuil mapadoJioin
oOepTanHs abo 3pizanuii KoHyc. OJHAK TaKe MPUITYIICHHS € MaJONPUAATHUM, OCKUTBKH IIi
reoMeTpudHi Qirypu He BiqoOpakarTh peaibHOI (OPMH KOJIOIU, HAPUKIIA SITINTUIHOCTI Ta
KPUBU3HHM, HassBHUX Y BEJIMKOI YaCTUHU KOJIOJ, SIK1 MOCTYNAIOTh Ha po3nuwitoBaHHd. Lle mpu-
3BOJIUTH 1O 3HAYHOTO BIAXUJIEHHS PE3YJIbTATIB TEOPETUYHUX PO3PAXYHKIB Bl PE3YJILTATIB pe-
QJIBHOTO PO3NWIIOBAHHS, 1 SIK HACJIJI0K, HETOYHOT'O 1 MaJONPUHHATHOTO pe3yJbTaTy IMPOTHO-
3yBaHHS BUXOAY NWIONpoAykiii. /[ns BupimeHHs npoOieMu epeKTHUBHOTO IMPOTHO3YBAHHS
BUXOJly IMJIONPOYKLIT (POpMY KOJIO/IH, SIK OJIMH 13 BaplaHTIB, IPUHHATO 32 3p13aHUI eJINTHY-
HUI Tapabosoin o0epTaHHs, KU OKpiM (OPMH MONEPEYHOr0 NEPETUHY KOJOAH y BHIJISIL
eJIirnca, BpaxoBYye TaKoX (popMy NMONEPEYHOTO NEPETUHY KOJIOAH y BUTIIA1 Kpyra. Po3pobiieHo
MaTeMAaTUYHy MOJENb PO3MIIIOBAHHS PO3BAJBbHO-CETMEHTHUM CIOCOOOM KO0JIOA 3 (OPMOIO
MOTIEPEYHOr0 NEPETHUHY Y BUTJIAI efinca. Po3muitoBaHHs KOJIO pO3BAJIbHO-CETMEHTHUM CII0-
co0OM PO3MIIIHYTO SIK IBOETANHYy 3a7ady. Ha mepmomy erami — po3MItOBaHHS KOJIOI PO3Ba-
JHHUM CIIOCOOOM Ha HEOOpi3HI MUJIoOMaTepiaiyd Ta JBa CETMEHTH, a Ha JPYroMy — PO3TIHIIIO-
BaHHS CEIMEHTIB Ha 0JIHOOIYHO-00pI3HI mwiomMaTepianu. MareMaTuuHa MOJEIb PO3IIIOBAH-
HSI PO3BaJIbHUM CIIOCOOOM Ha HEOOPi3HI mIIoMaTepiaii Koo 3 GOpMOIO MOMEPEIHOTO Mepe-
TUHY y BHTJISIIL eJiinica po3pobiieHa y monepenHiit po6orti [10]. Tomy HaBeIeHO TiNBKH OCHOB-
Hi MIOJIOKEHHS, SIK1 CTOCYIOTBCSI JAHOT'O MUTAHHS 1 BUKOPUCTAHHI JJI PO3pO0OJIEHHS 3aKII0YHO1
YaCTHHU MaT€MaTUYHOI MOJIENi PO3MIUIIOBAHHSA KOJIOJ PO3BAJLHO-CEIMEHTHHUM CIOCOOOM —
PO3MIIIOBAHHS CEIMEHTIB Ha OJIHOO1YHO-00pI13HI nujiomarepiaau. Po3po0iieHo Apyry 4acTUHY
MaTeMAaTUIHOT MOJIETl PO3IMMIIOBAHHS KOJIOJ PO3BAILHO-CEIMEHTHUM CIIOCOOOM — PO3MHIIIO-
BaHHs CEIMEHTIB Ha OJHOOIYHO-00Pi3HI MUIOMaTepiany, sKka nepeadadae BU3HAYCHHS . IIHPH-
HU Ta JOBXHUHU OJHOOIYHO-OOPI3HOTO NUIIOMAaTepiaiay, JOBXKHUHH BKOPOUEHOTO0 OJHOOIYHO-
00pi3HOTO MUJIOMaTepiany, a TAKOXK IPAHUYHOTO OXOIUIEHHS CXEMOIO PO3IMMIIOBAHHS CETMEH-
Ta JUJIsl YMOBH OpI€HTAL[ll MPONIIB NapajieIbHO OUIBIIIN 1 MEHIUIN BICI €JIIICca M1 Yac po3Mu-
JIOBaHHA cerMeHTa. Po3pobieHa MmaTeMaTHuHA MOJIENb, SIK YACTKOBUI BapiaHT, BPAXOBYE PO3-
MIUTIOBAHHSA PO3BAILHO-CEIMEHTHUM CHIOCOO0M KOJIOA 3 (hOPMOIO MOMEPEYHOTO MEPETUHY Y
BUTIIAA1 Kpyra. [locTOBIpHICTE po3po0JieHOT MaTEMATUYHOI MOJIEl MIATBEPKEHO PE3YJIbTa-
TaMU €KCIIEPUMEHTAIBHUX JOCIIIKEHb, TOMY 1i JOIIJIBHO BUKOPUC-TOBYBaTH JUIsl IPOTHO3Y-
BaHHS BUXOJly NWIONPOIYKIIi Y BAPOOHUYHX YMOBaX.

KurouoBi cjoBa: maremarndHa Mojenb, (opMa KOJOIW, SNNTHUIHUN Tapabooin,
PO3MIITIOBaHHS, PO3BAJIILHO-CETMEHTHUM CIIOCI0, MPOTHO3YBAHHA 00’ €MHOTO BUXOMY, MAJIOMA-
Tepian (momka).
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